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Ac acetyl

ATR attenuated total reflection

Bn benzyl

Bu butyl

Bz benzoyl

calced calculated

CAN ceric ammonium nitrate

CI chemical ionization

CSA 10-camphorsulfonic acid

CD circular dichroism

COSY "H-'H correlation spectroscopy

DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene
DDQ 2,3-dichloro-5,6-dicyano-p-benzoquinone
dec decomposition

DFT density functional theory

DIBAL diisobutylaluminum hydride

DMAP 4-dimethylaminopyridine

DMF N,N-dimethylformamide

DMPU N,N’-dimethylpropyleneurea

DMSO dimethylsulfoxide

d.r. diastereomeric ratio

epi- epimer

ESI electrospray ionization

Et ethyl

Glc, glc glucosyl

HMBC heteronuclear multiple bond coherence
HSQC heteronuclear single quantum coherence
HPLC high performance liquid chromatography
HRMS high resolution mass spectrometry

i- iso

IBX 2-iodoxybenzoic acid

IR infrared absorption

KHMDS potassium bis(trimethylsilyl)amide
LDA lithium diisopropyl amide

LHMDS lithium bis(trimethylsilyl)amide



MALDI matrix assisted laser desorption/ionization

mCPBA meta-chloroperoxybenzoic acid
Me methyl

MIC minimum inhibitory concentration
MOM methoxymethyl

Mp melting point

MRSA methicillin-resistant Staphylococcus aureus
MS molecular sieve

MsOH methanesulfonic acid

n- normal

NBS N-bromosuccinimide

NIS N-iodosuccinimide

NOESY nuclear Overhauser effect spectroscopy
o- ortho

p- para

Ph phenyl

ppm parts per million

PPTS pyridinium p-toluenesulfonate

Pr propyl

quant. quantitative

RM reaction mixture

rt room temperature

SM starting material

t-, tert- tertiary

TBS tert-butyldimethylsilyl

temp. temperature

TFA trifluoroacetic acid

TfOH trifluoromethanesulfonic acid
THF tetrahydrofuran

TLC thin layer chromatography
TMEDA N,N,N’,N -tetramethylethylenediamine
TMS trimethylsilyl

TsOH p-toluenesulfonic acid

UV-Vis ultraviolet—visible
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CrR

v7/F 7 bRy BERAYIE, Y HIE R CIRIACRAFIR S b B X
Tw3 D, Tnbides /777 F 7 v EREKE L, ZOARKCRIBEDEIC
KOSk ehEZ b o, 72, JURNGTECHURERSE, Y 4 v 2GR AR R EY)
EHEZERT S OR% N, Hl21E, BEE Micromonospora sp. SA246 2> b Bl X 7=
GTRI-BB (1), ViBAKIE LTHIHEINTWE FFyaes vy b e b BSAMEI
of U CHOWHIIEEIEZ R L, Hie s ABREED0 ) — MUAE L GEHI A Tw 3 2.
DT b, Streptomyces coelicolor 7> & (% actinorhodin (2) %, Micromonospora
purpureochromogenes subsp. halotolerans 7> 5 % crisamicin ZE2SHEE X 1, Wb 77
LGMER it U CHURETE 2 /83 (Figure 1) 39, Z DA %Z b 2 BIERKAYIL,
RETHZT7 77600 bHEfEEN T3,

from Micromonospora sp. SA246 (&) from Streptomyces coelicolor A3(2) (#iF)

?OOH O HO

IS008Y
o)
o)
0 HO

|
OH O COOH

OH O OH CO,Me
GTRI-BB (1) actinorhodin (2)
RSN, EEE RSN

from Micromonospora purpureochromogenes subsp. halotolerans (&)

OH O OH O
O
crisamicin A (3) crisamicin C (4)
MEENE, VIESRENE, TV 1L AEE MENEM
* IAECEARA

Figure 1. Naturally-occurring dimeric pyranonaphthoquinones.
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777 LYK 1-4mm RO BRC, I TEM ESERE L Tws e EbhT
W39 IR IC S b b nikE LTE Y, ReHl, RS EAKRODODL D
BELRONDG. FIZIE, ¥4 ZHTTEXF Y TICHETE2RAXATIEF Vs
FHT 77 v (Uroleucon nigrotuberculatum)i, 27tz LT3, £/, ¥3
VF I PO EHETSE X2V F I VT T T LY (Aphisneri)iZEE~F L vV E, A
ZRVICHEETZ2XYFXT 7T L (Aphis spiraecola Patch) i3 Hk, H 72/ =
YEDIHET B Y I AT FHT 7T L (Megoura crassicauda Mordvilko) 13k 2
TH5 (Figure2). TDXIRT 77 LyDROEERBICIIATT /A FBLUR) 74
A FZROEPEEGT 2B broTn5 0,

CAIHTIIFIIRTFHAT TS LY FaVFINITIILY AFXVFHFT7IT LY VISRAETFH7 TS LY
(Uroleucon nigrotuberculatum) (Aphis nerii) (Aphis spiraecola Patch) (Megoura crassicauda Mordvilko)

Figure 2. Aphids with various body colors.

T 77 Ly BEDOBIFEIE, 1950 I Todd & Cameron D 7' Vv — 7R~ X 707
7" I (Aphis fabae)h> b AtA3R protoaphin-fb*(5) % Hifjff, MHGEIRE L 722 LIci#ll
(Figure 3) . Z D&, oY F ¥ a7+ T 77 L (Tuberolachnus salignus)?> 5,
R 5 D C4 MKIERE D ST ARL 23 5Bz L 72 protoaphin-si* (9)D ST\ 5 9, Z Dfth
I, €7/ F7 bR vhoEREIns BARGERL LT, AN FICHETET TS
L bR rhodoaphin-be™ (10)° X 7Y /7 7 7 L %> b bambusicolaside FH723
HHE, BEIRE I N TV B %10, F 72, Todd I3 protoaphin-fb (5)DLFHIZEEIIC DWW T

T REHFEOMAIE, TNEND stem ICRHEFEOLRNICE D 2 X FOBEEEE 0T TXAlT 5.
protoaphin-fb (Aphis fabae), protoaphin-si (Tuberolachnus salignus)

** Rhodoaphin-be (%, Hormaphis J&DH D H. betulina (H. betulae)iIC KT 5.
2



BMELTWBE D, Zc kB E, T7 7LDk BRICK 260K S5 OISO
IS iR fe < MEBRREIC X 0, # B D xanthoaphin-b (6)234E U 5. Z D%, Wik {
WA h, ALY YO chrysoaphinb (7) & #EH L, KIE R MED erythroaphin:b (8)~
CREDPENT 2L w0 TH S, LAY 6-8 13K 5 DLPAEBICL Y EL O

RTHY, T7 7L BROMERLICET 2R OMENITH L L ER 5.

Todd, Cameron (1950-1975)

enzyme
A. fabae
—Glc H,O
NAOAF7 T FLY O OH
(Aphis fabae)
* BN AR E T protoaphin-fb (5) xanthoaphin-fb (6) chrysoaphin-fb (7)
|0
YFHXATAAT IS LY
(Tuberolachnus salignus) O OH
protoaphin-s/ (9) erythroaphin-fb (8)
Cameron (1967) Zhang (1997)

from Hormaphis (Hamamelisters) species

OH O

STV TITILY
(Pseudoregma bambusicola)

OH O

rhodoaphin-be (10) bambusicolasides
Il (11): Ry =R, =R3=H, Ry =0OH
IV(12): Ry =R;=0H, R, =Rz =H
VI (13): Ry =R;=H, R, =R3 =0OH

Figure 3. Dimeric pyranonaphthoquinone pigments in aphids.

—77, UHHEECTHIINICL Y, 77 I LD 08% L oazELREE, BElEI N
TWwa, HlzlE, A ZATIEFY I e T FHT 77 L02013HREELNEHEBD
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uroleuconaphin #8723, VY 7~ AT FHT 77 L h 6L, ket viridaphin FHHE
LT3 (Figure4) 2, wIhdbv 7/ F7 b/ vEEAREKE L, X oAk
KPR R 2 8 M7 B ELZ LT3,

Tsunoda, Horikawa (2006—2018)

CAIHATIIFID
P TS H
ET AT TSI LY OR, O

uroleuconaphin Aq (14): Ry =H, Ry =H uroleuconaphin A, (18): Ry =H, R,=H

uroleuconaphin By (15): Ry = OH, R = H uroleuconaphin B, (19): Ry = OH, R, = H

uroleuconaphin A glucoside (16): uroleuconaphin A, glucoside (20):

) F(_1 =H, R, = B-D-glucopyranosyl R; = H, R, = B-D-glucopyranosyl
uroleuconaphin By glucoside (17): uroleuconaphin B, glucoside (21):
Ry = OH, R, = B-D-glucopyranosyl Ry = OH, R, = B-D-glucopyranosyl

VYIRACT AT T I LY B-D-Glc-O O

viridaphin A, glucoside (23): R =H
viridaphin A, glucoside (22) viridaphin B4 glucoside (24): R = OH

Figure 4. Aphid pigments isolated by our laboratory.

T, TTECTIILVALELNEY T ) F TR v BEROERTIEL T
iz, SCTORMICBTONE LR, T7 7 L3P hE DX ) nEMEEY
bOUKEEFELTVDIDONL WL THL, A RATIEF VI T FHT 77
Ly b SN B ARG uroleuconaphin 14, 15 D& HEIX, T ZhefEoB X %
0.6%, 0.4%% i 5. TNEFOROEMEKRY 7 24 BB, (KazRT DR IFICH
TELTW2DEA5 %, IbBRIIIFRERILAOKEE D H 50 TldrwrLH

Z 7.



FTFE2LONDLDE, Ri#EAL L TOEKEITHE. MROZ VY YT FHT 77 4
> (Acyrthosiphon pisum)IC 1%, HRELH (R L) BZFEL, REOEFEIET v T L
VICHEI ST oI L, BEOfEEIEFEASFICHBINCT VI L3 HRE S
NTw3 16D, 2070, 7V FTLYDEWERETIIREDT 77 Lvns, FENTF
B VIR CIRRODT 77 LY PEMICAERFT 2. 2ok HiC, 777 L2 Dkt
Ko B %2sFY, ZOEFRE BT 270 IcEEREEZ R L v afliRIh
7. LT, Zhbfilfktit, R eREEEOBBBCIRE 22 23, 2010 FICkE
SEAROTIERT & B BT ORI X VAL ik o7, S, = v Foe s
FAT T T Ly BRI I MR Rickettsiella ZRIE L, ZOREPICL YV T 77 Ly
DR DTRD LIRICEL T 2 L5 L T2 (Figure5) ™. BICEGEL T 77 LD
R 2 L7 25, MROORPIFERT 77 LD 3 FU LML Tnk
ZEMD, WHIET 7T LD Rickettsiella WWEGed 5 2 & T, FkutaROEENRA
LD H T b TEMAL I NI HER, REOEMBECZLHELTWE, 77T LD
RGBSR E A2 52 5 2 L 2EIEL 72, BIRECIFRTH S, £/, C
DIFFEIC I LHFEE DI S bbb > TEH D, BYIC X Y DRI 2 fkataHE L,

viridaphin B; glucoside 24) CTH 5 T & # 2 E LT 35,

8H% 11H%

AN )
Akl l ‘ ﬁ ‘ ‘

RickettsiellaB&Z{E1AIL
BRREEDICHFERFDEEIFEICE(L

TH %% [HAEMESEROBEZ 2 5] https:/first.lifesciencedb.jp/archives/1597

Figure 5. Bacterial infection and body color change.

CDXHIC, TT7 7L EMEEMLE L THEEEL TW3 Z LIZAS T 5 7223,

FAhuT /A PREBRTHY, MFEITAYL



Z DMt b REIHD D 2 D TIdAe\ WD &F X T2, Rickettsiella 1< X 5 AREZEALIC D W TR
L7z, 77763 ZoRMIMCbiEA I EMIEZRA L CTW b 2 EBF b T
5. BlzIE, 3 ALDT 776003, RAICKEME (mycetocyte F 7z 13 bacteriocyte) &
LIEN BRI L 7= L, 2 OMIEIC 77 % F  (Buchnera aphidicola) & > 5 #fl
WARAEL T2, ZOWIIBL O T~ L BEMLGEIC L VZTH2 N, ZoARRI
1 EEUEICdD D2 eEXLNTHE Y, 772 71%, 777 L8 e T 5 YR
BT 28T 2 VB EOREBED AT 2720, T77 LIt o THA]
RIEFAETH 5. £7z, 2010 FFICHLANFEN D SN — T BLY FO T FHT 77 L
DT LEFICEYIL, 77T LAy ofHBEERTIZ T 7 4 7 LR R &
B L THY, MFXALCOEFICARIRGFIETH S5 2 L ZRERNCEEAL 72 20, &
LI, 777 LyhMid B L A~ CTRIEBHHEDER T 2 KIFICKk > T 5 2 & b

L7z, Z0UE, 777608, N oRAT ZMEV~DK BRI ZEST 2L )
VYR ZB L0, TNLDRIANRHFIZERICL, 7737 21T LD LT B4
A E ORI CEAARELTIBRL WS, LiLl, BEREEKSTW
2720, REBEL 2D TNITHEL T ELIREELONRY, 777400
bOUENEERPHO I EH-oTWBE EEZLNR WS ) P,

2018 fFICHE)INIE, EBFE QBRI GAEYREEIC O W THE LT3 (Figure 6) 132D, %
DHNREZWEHT 5 &, R uroleuconaphin FHEZ HT 2 A X AT T XF V77
HT7T 776203, BRHFRIFREO M TH 2 Lecanicillium sp. \ZJ&Ge L THE R 28,
Conidiobolus obscurus \C X 2 EHILIIMHER I N T, F, RELT 77 L0050
R OEORBEARSBIC X VESN D b DD, Lecanicillium sp.i X D EGIE L 727
TILYHhLRET ) av B onhhot. 22T, KT 7YV aventh
LoV, b “fEo BHRFFEEICN T 2 REEEERBRZ 1T 572, 2 0GR, B
WKL Conidiobolus obscurus ICX L CIEMEZ R L7z, 2L, T7 7LV HBTHLOHE
WCIHERE L A VWEELE L TnwE, —F, 77V aviaEbooiicx L ThiEtz
M7z, ZOMRPG, 777 L3 ARRCHES 2200 L7 7V aved b
LT, HOBMEZHELM~DEIEZHTNTWEDTIEANALEEL TS, 20D
K22, 777 62Db >ORPERVEVIE L L THREEL T2 a[ReMEARR I L7z,
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Tsunoda, Horikawa (2018)

FCHE(A

H : H :
B-D-Glc-O O = OH O H
uroleuconaphin A glucoside (16): R =H uroleuconaphin A; (14): R=H
uroleuconaphin B4 glucoside (17): R = OH uroleuconaphin B4 (15): R = OH

< Antifungal activity >

Ao AR V7 =D
BERBERE
- 16 17 14 15
.\ < Lecanicillium sp. - - + +
1 < Conidiobolus obscurus + - + +
AR
INTULAHRWL
YARIWTIRFI Y L )
EFFHT T I LY BRAT 77 LVOEKFEYMESL L THELTWS?

Figure 6. Antifungal activity of uroleuconaphins.

T77LyRINbttFzedb OBREMIAL T 2oicid, BARER MU D
B4 e ARG B 7 &S IR TS 2 kR L CIT 9 03 H 0, R OWEMLE T
AAIRCTHZ. LHL, T7 7LV 3HERE mm &/ha L, fRETZ 20O Ron<T
W7z, FEMELE LTz 2EFEEDRLTEHL v (Figure 7). BIZIX, 777
L 200 g OO BRIZIZINEN14:12¢,15:076 g T OFOLN L DICH L, B
FRZzo+HO—RELIrELNERV. T, BOEERIEHEE LBt mg 3o/
bNDZDATHS, EHIC, BROHBICIIL KRR %22 5. HEEFIHO G5
BRHIC TRl S 2 25, B2 X OROGG, REL LT 77 Lvii~Fh v XAz )
—AEMATTVDOERL, XX/ —VHZIREMEZE L 2%, KICELLT -7 2/ —
NCRRBEFRERS T 2. BonkimbzIEH VAT Ah T rm< s 77

7 4 — (BHAEE: BtOA/MeOH)B L Y, WitH VAT vh o nrma~ b7 77 4 —



(A A MeOH/H0) 2 IERAT 5 & & ¢, 40, MELL, X)Lkttt 22,23 5k

N24 %1425 2 TE % (Figure 7).

CAIATIIFYY
ETFHATTILY
LR | 53 TE~6A T4 oH 0 ¢
TR 4.0 mmizE .
. = AT uroleuconaphin A; (14): R=H uroleuconaphin A, (18): R=H
BENEY - CAINTITTFYY uroleuconaphin B4 (15): R = OH uroleuconaphin Bi (19): R=0OH

Crushing aphids Concentration the extract Purification by 14:1.29(0.6%)
in diethylether silica gel chromatography 2 15:0.76 g (0.4%)
(n-hexane/EtOAc — CHCIlz/MeOH)

(3 18: 210 mg (0.1%)
@ 19: 76 mg (0.04%)

VIRRAETFHTITILY

RERH - 3H~5A919 p-D-Glc-O O = B-D-Glc-O O =

“Hr 1 1.5~2.0 mmizE

FEEY  HFA/ITVRY
EAE mE

viridaphin A, glucoside (22): R =
R=

viridaphin A; glucoside (23): R =
viridaphin B, glucoside (25): R=

H
OH viridaphin By glucoside (24):

After
Crushing aphids Separate Extract with n-BuOH Purification by (®22:20 mg (0.01%)
in n-hexane and MeOH  n-hexane solution reversed-phase silica gel 25: Not obtained from aphid
and chromatography (® 23: 50 mg (0.03%)
MeOH solution (MeOH/H,0) @ 24: 24 mg (0.01%)

Figure 7. Isolation of aphid pigments.

DL, TTITLDPoLINLOERELIENTE L, XOERNIIES7-0
IZ, AR T L B GE M A Hfs L 72, BARICIE, IR RAGEEREDS
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WIREE AR uroleuconaphin ZHOL AR X D, DI LarEbhhuvithoaR~0FHE
R L 7=,

BOETIE, FMEEIOFRLUT 7 7 LVICEE N 5 H B uroleuconaphin FH~ D
Zfh, EEEIEEREOT 7T L2 Ofk e i3k viridaphin B~ O OAERICO W T
R Z . F 7, HFEEPIC Y ) AT AFE T, BEEEROFERIEERICTIREST 2 K
G B L7z T, ZoFMZHENECTHLE 5. BhER, ZHSICOER L k2R E

135 uroleuconaphin A; D A EHFIEIC DV T~ % (Figure 8).

<HFE>
base " TMSCHN, N
silica gel
H :
OH O -
uroleuconaphin A; (14): R = H uroleuconaphin A, (18): R = H 30:R=H
uroleuconaphin B, (15): R = OH uroleuconaphin B, (19): R = OH 31: R=0OH
— . silica gel
<BZ®> w0 | 1 <EmE> | G
viridaphin A, (26): R =H viridaphin A; (28): R=H
viridaphin B, (27): R = OH viridaphin B4 (29): R = OH

<BHE>
MeO O
MOMO
35
(0]
BnO
0] -
H :
OH O -
Bo R uroleuconaphin A, (14)
38: R =SO,Ph 40 41
39:R=CN

Figure 8. Outline of this study.
W, ARG DO —EIE T TICANMEGES ICRRFE A TH Y, ZNHICDOWTHIZET 5,
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.-
Base-induced isomerization of red uroleuconaphins revisited: characterization and absolute
stereochemistry of the yellow aphid pigments uroleuconaphins Az and B:

Ozakai, C.; Kitamura, K.; Horikawa, M.; Tsunoda, T.; Kaku, H.

New J. Chem. 2022, 46, 16256.

¥

Strong acid-promoted skeletal remodeling of the aphid pigment: red uroleuconaphin to green
viridaphin

Ozakai, C.; Kitamura, K.; Horikawa, M.; Hoshiyama, T.; Imamura, A.; Yoneyama, T.; Umeyama, A.;

Noji, M.; Tsunoda, T.; Kaku, H.

New J. Chem. 2022, 46, 2600.

Vi =y

- RLE
Synthesis of the common monomeric unit of uroleuconaphins and viridaphins via Hauser—Kraus

annulation

Kitamura, K.; Kanagawa, H.; Ozakai, C.; Nishimura, T.; Tokuda, H.; Tsunoda, T.; Kaku, H.

Synthesis 2021, 53, 1629.
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BB JREHB3R uroleuconaphin A} B £ U By 22 5
75 8 532 uroleuconaphin A, 5 £ UF By ~D &

B R

Tsunoda, Horikawa (2008)

pyridine, 50 °C

silica gel or
polar solvent

CAIATIIFYD -
ESFHTITSLY oH oM:
uroleuconaphin A; (14): R=H uroleuconaphin A, (18): R=H
uroleuconaphin B4 (15): R = OH uroleuconaphin B, (19): R = OH
< BER >
- HEEROINEIEL

- C10afiZicBS 9 2 RIEHEN I BEEE
- FREERANOFERISHETY S

Figure 9. Isomerization of uroleuconaphins

Tt ds X ¥ B D uroleuconaphin FHIE, HIFFEE DY) &I X - CTHiIfE, FhHGkE X

N A RATIEF YO T FAT T I LIICEENEOERDTH S 219, 2 LT,
YEJI11E, 45 uroleuconaphin M AN REIAME A IC PHAREE CHAE L Tu % &\ 5 BIIRYE
Wik LT3, £7, REEZ uroleuconaphin Ay (14) B XU B (15 v ) ¥ v

THEAT % &, B R uroleuconaphin Az (18) F X U By (19)~D EMEAL2MEtE X 1 5
ZexEHLTW2 (Figure9). % OHEEIEHMNEZ Scheme 1 IC/R 3. 9, KAtk
DCloafio7m b vpv ) yvick gl gknrn, £/ 77— roii~vA 7K

JGIZ X O BABRED AT 5. 2 D%, 0 FHNT 22— LICHE K A F <A T s

fTTLEART 2 2, Bt ERERTE2EEZONTNV S,
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retro-Mchael
reaction

uroleuconaphin A; (14): R=H
uroleuconaphin B4 (15): R = OH

intramolecular
acetalization

uroleuconaphin A, (18): R=H
uroleuconaphin B, (19): R = OH

Scheme 1. Proposed mechanism for the isomerization of uroleuconaphins.

O, HBIRAGGEED S VREEED O GHE DM TR ~Z ]
RECTHLZLZRL T2 DD, BHGREMELS, FREEER 14 200 13E AR 18 28
I 18%, MREEHR 15 TIIHEEHE 19 BICE 3% Lo Tnkn W, X5,
ZNZhDEEERD Cloa fZIc BT 2 ZEEODEEC S I L Tk, £ 2T, iR
B EFEOALHIC X 2 EEAFR~OLIEOm L ZnE D Cloa i kD H
Ml X OISR IRET 27200, REMRICEBRGTT 2 2 LicLz, LaL, #tat
RISV AT NVCHBEEEICH L CARETH Y, IR RELERE Rt dEE~
DM EST L 72720, [EMERIGRL BRI & hhr ok, 22T, £33
WO ERE LT L CRERLAEY~FET 5 ki LTz,
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HH HEEROFEMRL

HOOFE 19 OFERCOMIHERE Table 1 ICRT. X F ¥ X F ALk -7 F
PAFAL Y MUK, NV VA MMURE LT 2 FA LR~ FEEE KA. Lo L,
N OIEHESM PSRN, RIFECORIGE BE L T 5 50T, FE o E
Y, EMREAYES 2 2HE L 7o 72 (entries 1-5). F 7z, KIG&H T Cloa fizic
B9 2 RS 2 L 72,

reagent (equiv)

solvent, temp.
time

uroleuconaphin B, (19) R = MOM, TBS, Bz, Ac

Table 1. Investigation for the derivatization of uroleuconaphin B; (19).

entry reagent (equiv) solvent temp. (°C) time (h) result
MOMCI (8.7) .

1 iPr,NEt (8), DMAP (1) THF 0—rt 5 complex mixture
TBSCI (7) ,

2 imidazole (8.8) DMF 0— 50 19 complex mixture
BzCl (12) .

3 DMAP (6) CHxCl, rt 0.5 complex mixture

4 AcCl (630) CH,Cl, rt 30 complex mixture

5 Ac,0 (440) CHJCl, rt 14 complex mixture

ZZT, TMS VT VA XV HlEETOXF Mt ZilAT 2. T7hbb,
B3R 19 1K L T PV V/MeOH = 1/1 DRGERH, ERFTTTMS 7 V' A X v %ZAfE
&7z, 2R, BWEL2E ez nl, YAFUE 31 2EICRTE
%2 LTI L7z (Scheme?). 55372 ¥ XA F ALK 31 IZFERSEFICN L T+ A%k
EMEZR L, WH HPLC i X » Bk o piE2salgETH - 72 (COSMOSIL 5C18-MS-II,
20 x 250 mm, MeCN/H,O/TFA = 75/25/0.1, 1.0 mL/min, 254 nm) (Figure 10). 7%, Zh¥%
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N BMEARDSLARREE X Cl0a fi/KFED A v 7Y v 7 ER (JE) & NOESY HIEIC X b
IRTE L 72 (Figure 11). MK 31a 1, Cl0afiiZksE e C3 I X U Cl1 fiz7k3#E I NOESY #H
BBl X 7z, F7z, CloafikFERD JEA, 105Hz THEHI L h b, EEARIlaD
C10a fZ DAL 1T o BLiE & ASam2 72, —77, B 31b 1%, CloafiikFE e Cl,C4
F XU C12 (/K3 IC NOESY B BLHI X 4, Cl0a fi/kFED JE280Hz TH B T &

25, Cl0a DA L% BICE & RIE L 7-.

OH O
o
TMSCHN,
(20 equiv) MeO
toluene/MeOH = 1/1 MeO_7
rt,1h O
96%
oH oM :
2.3:1d.r. atC10a 2.1:1d.r. atC10a
uroleuconaphin B, (19) 31

Scheme 2. Dimethylation of uroleuconaphin B> (19).

600
550
500
450

-~ 15c1843-5-1

400
350
300 31a

250 \

2001

tp=7.5min

[mV]

150
100 \\ tR=11.3y
" ) &

-50

31b

0 2 4 6 8 10 12 14 16 18 20
[ min]

Conditions

Column : COSMOSIL 5C18-MS-Il, 4.6 x 250 mm
Eluent : MeCN/H,O/TFA = 75/25/0.1

Flow rate: 1.0 mL/min

Detector : 254 nm

Figure 10. Reversed-phase HPLC of 31a and 31b.
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i OH
0298 (d, J=10.5Hz)---" 6 4.06 (d, J=8.0 Hz)---"

31a 31b
'S

Key NOESY correlations
(500 MHz, CDCl3)

Figure 11. Key NOESY correlations of 31a and 31b.

AFIMESIGICHAV S TMS VT VXA 2 v OB EZBET Lz & 25, EuaFEom-o
D7 x ) — NEKBEHEC B 7 ROCTE D 722234 b 372 (Scheme 3). T b b, A 19
X LT, FTY/MeOH = /1 DIRABES, FTTTIMS V7 VXX v ZRIRZIC
Mz TWE, TLC TRIGZEIL7Z. 3, TMS V7V A X v% 15 YRFFI &7
e, JEEHIIEE A EHAEL, EBEPOIMATOTHATIED 2 BEBYO% 5 % 7=
(Figure 12-A). ZOKm CRICZIFILL, BonbEWZ@ETL-L 25, ERPO
1ZE 7 A F ALK 42, EBPIDIE Y A F ALK 31 TH o 72, —RAVICIEKER A7
/) = NDFBKEREL T D D0 XY RIGHEE W, IKRBEFHEETH 2 CThL
& CTHL7 = /7 — VOB CIHER RICHED Z A b L D1, HIREWHERCH 5. 7
B, B AFMUED X FAREDEALBICOWTIE, A FFUEDKEDLS CTAE
F~D HMBC HHBI Bl S iz 7o, (LEW 42 TH % Lifawmo 0 72 (Figure 13).

Figure 12-A DB CRIGZ LD T, T HLICTMS V7 VA2 v RBIMLTHL &, &
BHIDODRA & & & DI ERY@OBHML 7z, 2 LT, 30 HEMAEET, EXY
OIFHEK LEBY QD A% 5. 2 7= (Figure 12-B). EHICTMS VTV A XV EBIL T
Wl e, MBEDEWHI 72 R ERIQOR NG ® 72 (Figure 12-C). iR CTHEIE LKL %
L, EEPIDIR A TEBYIO~EIT LT E, 5 BBICARP@I e IcEKL,
H - BRI @OH A U7 (Figure 12-D). 2D & &, JRAfHTic @i Bbh s 2K v
FORSBUER L CE O TRIEEREILL, EBYIOREZEITL 2. = DR, £
@ix b Y AFAE 43, EFPIDEIT P I AFAE 44 TH o7 B, P AFA

15



fbik 43 DX FAFDEANLE X, FICELEZAFFOHDOKED, COMKREL
HMBC HHEZRLZZ 20, COM 7 =/ —ABAFAfbInLiEmold -

(Figure 13).

TMSCHN,

toluene/MeOH = 1/1 HO

rt

uroleuconaphin B (19)

Scheme 3. Methylation of uroleuconaphin B> (19).

A B C D
YO —— - - 4 ——>e o EBYQ ——>a o
ERYO— T e e ERHYQ ——>a o YO ——>a a
YD ——>a a
19 —0 0 19—1-9 0 19 —-0 ¢ 19— | |
F-#- 44— F-#- -4 F-#-4--4- --o-l—-‘-
SM_RM SM_RM SM _RM SM_RM
15%4&,1h 30%E,1h 60X =, 10 min 60%E,5h
n-hexane/EtOAc = 1/1 n-hexane/EtOAc = 1/1 n-hexane/EtOAc = 1/1 n-hexane/EtOAc = 1/1

Figure 12. TLC of the methylation products.
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3y 4.02 (s, 3H) d5c 162.7
¢ 164.0 ' 9y 4.06 (s, 3H)

HMBC correlations
(500 MHz, CDCly)

Figure 13. Key HMBC correlations of 42 and 43.

T/ AF MUK 42 B X OV A FAUER 31 1%, @M HPLC I X 9 Cl0a iz 2k 0 5
HEDTPIHETH o 7228, b U AF ALK 43 B XL UT b 7 XA FAbik 44 T3 BEREEC
Hole. ZTT, BAT AT NEOBDBESICHIHETE 32 2 F M AUE 31 ~3FE S
b7z, ZhiC kY, BERRICHOREELERRIC B 5 90 fif % ML, ZHRIGZ
Db DOEFMICHEST 2 2 & TREICAR D LE X 7.

HOOEISICOVWTHRIKRICKIG L& T3, ZoLATH B LRz &4, IX

H 98% T A F ALK 30 2315 L4172 (Scheme 4).

TMSCHN,
(20 equiv)

toluene/MeOH = 1/1
rt, 1h
98%

4.1:1dr. atC10a 4.3:1d.r.atC10a
uroleuconaphin A, (18) 30

Scheme 4. Dimethylation of uroleuconaphin A; (18).

BonY A F Atk 30 b, WitH HPLC I X b W8k % 08 2 2 & 3 C°X /-
(COSMOSIL 5C18-MS-1I, 20 x 250 mm, MeOH/H,O/TFA = 80/20/0.1, 1.0 mL/min, 254 nm)
(Figure 14). =N Z N D BRI E X, e FRIC CloafikFEoAn vy 7)) v 7

17



FERC (JE) & NOESY HIEIC X 0 3R L 72 (Figure 15). MK 30a Tlix Cl0a fii7kE &
C3 B X O Cl1 fikEIC, F7-FBM4K 30b TlE CloafizZkd&E & C1,Cl12 fik#E B X U C5
fr 73— K| NOESY HHEA B 2 vz, X 51T, Cloafi/KED JEBRZFNF

7 10.5Hz, 6.0Hz TH -7 &5, 30a D Cloa hi iR LA a BiLE, 30b 1% B ECE
EIRIE L 72,

350
~~ 15¢1925¢-1
300
250
2001
S tg=42.4 min
£ A
— 190 30b
100 /
30a
50 \'(,;: 36.7 min
-0 VAN
20 25 30 3I5 4.0 45 50 55 60
[ min ]
Conditions
Column : COSMOSIL 5C18-MS-Il, 4.6 x 250 mm
Eluent : MeOH/H,O/TFA = 80/20/0.1
Flow rate: 0.8 mL/min
Detector : 254 nm
Figure 14. Reversed-phase HPLC of 30a and 30b.
MeO
$2.93 (d, J=10.5 Hz)---* 8 4.28 (d, J=6.0 Hz)--

30a

"

Key NOESY correlations
(500 MHz, CDClg)

Figure 15. Key NOESY correlations of 30a and 30b.
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=0 HEHEMESE T D uroleuconaphin Ay 5 X UF By D{LFEA R

1. Uroleuconaphin B 2* & uroleuconaphin By ~ D {542 {4
HOORLERBNICT A FIUUE~ELS Z 2B TE 20T, RICHEHEFE IS ZHL
TEMRICZ R L 72 (Table 2). 3, WA RBLZAEEEO Y ) Vv 2w 58
B EFE~O RS TG AT 2 7212, HAERYNIC L CTTMS ¥ 7 V' A X2 v %2{FH
X7z (entry 1). % DOFER, FFHEMR 31 2K 45%, FUEARLE 2.1:1 & 7D 31a 23ELL
cfFonzz. Lo L, HMLAOILEM DS EEIE L7720, HEOEHE L L EHO
ATV, BR T CORISERE L2, AR ISIKHNLTTHFH, vI Y v % 15
LB E A, BFE 19 ZEIEIEE Ladke 3,138 A EBFERIEITS - 7-.
ZZT, AKX =NEEHEERLE A, VAF MUK ZICK 47% TH72 (entry
2). R\T, XiEEMEoE e )Yy EHnzE 25, Eepic GIRETL,
IR [ L7 (entry3). X5IC, -7 B AT IV EREHIE2 2 LT, FEk3 R
IR 71% T O 7z (entry4). —F, PV ZFAT I VAREDE=ZRT I v EIEHI &
=356, BRI ISR L, 31b 3% GO FEHR E oo 72 (entries 5-7). 72, &
HETH 25 DBU 22 &, HHOGMEIEZY, B 3L IZigLALRonE
572 (entry 8). HEREI L L 7228, ICKIZIA E L 722> o> 72 (entries 9 and 10). AKX
I, -BuOK % W 72356, D IER CFFEMAR 31 2155 2 L ITYI L 72 (89%, 31a:31b

=1:1, entry 11).
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1) base (equiv)
THF, rt, time

2) TMSCHN,

H :
OH O -
uroleuconaphin B4 (15) 31a 31b

Table 2. Base promoted conversion of uroleuconaphin B; (15).

entry base (equiv) pKay (THF) time (h) ()Q?ﬁa(:/;)))
1a (%3;'(':“’3'2; 55 1 (2%15:1 )
5 imizj%z)ole 9.4 o4 ’ 497:1)
3 pip(e{éd)ine 143 0. (2%():1)
‘ " 138 1 o)
° ?:35';] 125 1.5 (1?5?.0)
6 ”'(':g?jN 13.0 1 . :228_2)
’ n-(?lé?N 127 17 (1 :516?2)
8 (D1%§J 16.9 0.2 trace
9 Li%H dSH)ZO 72 trace
10 ’(\lsa;)i 2 (1 :11€f1 )
+-BuOK 89

M (2.0) 0.5 (1:1)

4 Pyridine was used as a solvent (0.02 M) at 50 °C.

2. BEEEIRD Cloa fL TR R AR DB A LIE T

oD SR T, AT 2RI X o THEBY O BIEGRILIGEVL AR O e zo, B
PR OREWDZ% T~ % Z &1 L 7. Gaussian 16 % ffl\»C DFT & (B3LYP/6-
31IGHIC L b, BEHEFE 19 O Cloa fZICBET 2 BEARIC oW TREEMED =4V F
—ZatE L7 R, o iEDOKEZ b DR 19a DJ525, BEETH 5 19b & H~
T 3.8 kcal/mol BAS) FAIICLERILEVITH 5 LR L7z (Figure 16). EFE, Y A F
B3 L Cn-7 L7 I v bV F AT I v ok effHxE 2L, R

20



HEAREEIE 31a:31b=3.5:1 IR L 72, 72, KRS HEEL /-Gt 19 o Bk

D 192:19b=3.6:1 TH Y, EERHNTDH a KRB LEICHFEL TW5E I L 2R L 7.

AG (kcal-mol)

uroleuconaphin By, (19b)

# 3.8 kcal-mol™

—-1294673.3
uroleuconaphin B, (19a)

-1294677.1

Figure 16. Optimized structure for uroleuconaphins B2, (19a) and B2y, (19b).

3. BAEAE 31b D X fRkAG ARG AT IC X % i G (3R O SRR E D fifERE

HEBROFHMEEZMA Lz e 25, B8k 31b IOV TliE~F ¥ V/EtOAc IRAA
Wh Do 2155 2 LA TE DT, X BEEREERITIC XY, 2 O AR E % Gl
ICHERR L 72, 3o N 7zfbihi3, BAM&T B 72 v LEW 31b 41 & P S a s A u
7~ W = F v —4r 7 CRERK LT\ 72 (Figure 17-A). Figure 17-B 1213 31b B9 T~ D i
WERT. TODDDVMBEEIXINMR 07 — X222 TXHFFL Tz, 72, ATRL
¥ —ZBIZR U NSHERE A & > Twiz, 2R, HEEMEZ SRS T L —0

Gk YT ) —RRICEABRE L2720 EEZLNS,
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Crystal data
Crystal Monoclinic

Space group P2,

Dimensions: g = 11.4954 (7) A
b = 20.8647 (20) A
c=13.5984 (3) A
B =110.359 (1)°
Z=2
V =3057.8 (3) A3

Measurement
v Mac Science MXC18

4783 Unique reflections
Analysis

Direct Method (SIR 92)
Refinement

Least Squares method
Final R =0.0388

Figure 17. X-ray structure of 31b.

4. Uroleuconaphin A1 2> & uroleuconaphin A ~ DAL 42 {4

e T, REEHE 14 10 L THOEE O 21T\, FhELH %2 A7 (Table3). ©
VY v EngG, YA FAEUE 30 DIGKRIE 20%TH 572208, n-7 BT IVIC
EHES 3L, K I7%ICHE L7 (entries 1 and 2). TN HIFWFNd af B 7 R
Whe LTz, —F, ReABCE=MT I vERAVS &, BEELITEEL,
30b DARRAMESNE L7- (entries3and4). & 512, +BuOK #HW25 Z & T, HEIYEE 30b %
IWRELHD Z LN TE (30a:30b=1:6.7,entry 5). ZZF TR TE7=L 91T, HE
ZWUNZ WD Z & TREAFEN O HAGRELNFEMHBLNL LD IZhoT.
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1) base (equiv)
THF, rt, time

2) TMSCHN,

H:
OH O -

uroleuconaphin A (14) 30a 30b

Table 3. Base promoted conversion of uroleuconaphin A; (14).

entry base (equiv) pKoy (THF) time (h) é,iglad; ?f(;/(l;))
‘ﬂ frcess s 2
2 n-|(31rg)H2 138 0.5 (3.997:1 )
> %}35’;] 125 / (1?66.3)
) n-(?g’:)aN 12.7 24 (1:524.7)

; @0 2 e

@ Pyridine was used as a solvent (0.02 M) at 50 °C.

FICRR7z X5, FRtataFEr oWt Rz~oLmIcE T, BonsEAERD
Cl0a {7 a R IZBN AR ERMLEMTH L LEZxONE. —T, ERWEEEZHV
72 RIGTIE, Cloa AL ek S LC S EBPEBMICEONIFERE R o7, TORICDR
KEETHL2 L, —AhoD7n b VLD, H=MT vE=7 LD Cl1 X FLh
DA EZ BT CRMEICMET 22T, 25620 LaKELBRE LA NVE
% Z 72 (Schemel). T72bb, BHEPHEMmMNIAL T COERML I T Lickhd. &
DI L MRS 272010, RODICKICEABRERIGONT, BFE 14 ZH\ 7 Table3
entry 2 D% LI, KR T CORICEZMRT L 72 (Table 4). RIGIRE %2 =i o T
FTWw I T, FRAZICBIRERY) 30b DL I3 E { 72 o 72 (entries 2 and 3). T @
R 6, Cl0a ir BHELE DKFEE b D BIEMRALEELRILE T cobey, afidiEo
b DDBESI AT TOLEYTH 5 LHERTE 7.

IR T CORIEDEE (Table 4), PERITET L2 BEHIEIN E 2> 72, TOJH
Ke LT, RIGo—E2hiE, $2bb, MBREOLE LT o T30 TiERwhL
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E5X L7 (Figure 18). i ic X 0 (635 14 2> LFABRAEBER T2 b 0 0, (KR ICH W T,

DFNT 2 Z =LK A F v~ A4 T AMIOMETTRB B LR EFx T2, k2L,
KIGHDEFRYIE, FEI18 LAY RTH Y, KISFEEE Bbh 2{LEMIES
Nizh oz, FEEZ O b D0 HEHIREECcH S 5 L F X, KR T ICHEELZFH €%
%, KT 5 2 & (Rl RN CHEERTRE R (LAY ~GFE T E R W AMET L 72 (Table 5).

1) n-PrNH,
THF, temp., time
+
2) TMSCHN, MeO
H :
OH O =
uroleuconaphin A, (14) 30a 30b

Table 4. Screening of temperature.

entry temp. (C) time () a0
1 : 0.5 ©o1)
2 0 ! @)
° 20 ! (1 4)

uroleuconaphin A4 (14) A uroleuconaphin A, (18)

Figure 18. Proposed reaction intermediate.
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3% 14 I L C THF #, —40 °C THEZ X, TLC CHEIOHA Z MR, &
B D MOMCI % Mel, A —¥7 4 vil# Me;O'BEOZRML. L2rL, Wihod
B 18 % OERRE LN L DA T, KMGHHEEERD b DRSSk
572 (entries 1-4). Z DAEH 25, BHBMKIZ AR, EL2 I FHT X —ALE 7=
FMRSIGHETT 2 e E 2N 3. BED L 25, RIGHHEEICHY 5 2 {LAYI3E

HILT W7o\,

base
THF, —40 °C;

{ additive
HO N —-40°C > 0°C

H :
OH O =
uroleuconaphin A; (14)

Table 5. Derivatization of the reaction intermediate.

t b d result
entr iti
Yy ase additive R, R, yield (%)
H 25
1 n-PrNH, MOMCI MoM
MOM MOM 22
2 n-PrNH, Mel H H <50
3 n-PrNH, NaH, Me;O*BF,~ H H 75
4 +BuOK NaH, Me3;O*BF 4~ complex mixture
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FIUET  3H 03 uroleuconaphin By D i it

AHiClix, HEAROELEE TR O 2 REER~OWKIEO M %~ 7 4k
COWTIHRR S, FELERICE W, Y VATV ERH AT L0~ 057 4 —IC
IOV WRIGERRZ 2 2 L 2R L TWBEDT, BEBHEICT ) ATV EERHIET
TREOEFE 15 ~OLEWR)GZ A ATz, 3, aFE 19 O Cl0a (R EELBER L v T
NEPELL, 2NFNE2L Y ATNVICRE XL, 20 DEERT, MeOH Hic &
S, REEFR 15 OEKEE L UEE 19 © Cloa (7icBEs 2 BikikltoZ L% 'H-
NMR i CHER2 L 7z (Table 6). EVYEMK 192 OEI GRS I v T Arblpd - 5&
(columnT), 48 FFfHIfZDEHE 15 DEREIXDO T % TH -7, —F, FERE 190 OF
Hx%<35L (columnll), ZDAEMEILIBZWICR>7-. TR S, Cloa ik

BBECETH 3 19b DS, KREOE~DWKIGHHETTL LT W L2bho 7.

silica gel
MeOH, rt
uroleuconaphin B, (19) uroleuconaphin B4 (15)
19a: 10a-Ha
( 19b: 10a-Hp >

Table 6. Silica gel-promoted isomerization of uroleuconaphin B; (19).

columnl é columnlli
time 19:15 19a:19b ; time 19:15 19a:19b
10 min >99:1 78:22 é 10 min >99:1 20:80
12h 94:6 77:23 ; 12h 84:16 29:71
24 h 94:6 80:20 ; 24 h 70:30 43:57
48 h 91:9 84:16 i 48 h 67:33 43:57

The results were determined by 'H-NMR (acetone-dj).

"19 Z VB D EtOAc KRz, UV A7V (S4dgmmol)E Mz, TARL—X—BXUVEZERY S
TR L L 72 D& vz,
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WG DHEERE % Scheme 5 IC/R Y. 3, BRICK 3T/ — Lotk TeX—AH
FAZ L, BHBRk 46 3£ 5. C oL %, e EERMER S, O BIEAE 192 £V H 19b D723

eIl ) =T 213 THDL. 2D, CTL7 =/ —AD b)) v ~DiHTH~
AT NATIIDSET L, Bi7'm b oAb BARREZFECER 15 BPEKRT 3 EE 2. &
B, KIS X W ESN765E 15 D Cloa bR {b#ix, BIROARTH - 7=, A 47 D
Cl0afid afild, A TRLZZHERZDR Ve Va7 7 vERCHET 2 ClI LA F v
ERFIELCTH Y, VARNICREAG BRI Th 5720, BHILrLDO T 1 b Lo Ek
INTLEZ TS (Schemed). 7nds, RAPLEOLNL0FE15 b fEROANRELNS.

intramolecular
Michael addition

Scheme 5. Plausible mechanism for the reverse conversion of uroleuconaphin B> (19).

KEIGICB AT Y AT, BRELTEILTWwW2 Ex. 22T, v IA7n
LA DT [FRRICHESICHHETTT 2 02 2D 2720, BFE 19 26 15 ~OLH%
et L7z (Table7). EMARBEAMEL S L CEEM:T LV 1, £V S A4 b KIO, 7V ¥—
74 b IR-120B Z TG ZTo 7225, WTFRoBA b ERTRMKICIEA LN
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Dote. ROGHEZ 50 °CIC hiJ 5 &, bFricteR 1S 0OEREMHRAL-DDD, &
W Doy ) 3% BT A U7z (entries 1-3). 7’1 b VigE LCTXT P L v R )Lk Vg
Y Y=y L, BilE Y 7t ulfEr T, [FARORERICZ o 7 (entries 4-6).
/2, NTMALZVRAFVEE, FYTAF B XX ZANFVEE BF-OEL D X 9 7RiE
M2 EFH X 27280, FERTHEENIMEL 72 (entries 7-9). T DOFER2 L, VAT
UDED RN R EEFE~O LB ERET 2 L 3bh o7z, ¥ ) AT VDERMEIC
TEST 2 %8O KBS EHE 19 DAV R =V H L RE-AZBIKT 2 2 & T, WG
PREINTHEDTIE RV LEZ TS,

acid (equiv)
MeOH, temp.
time
H :
OH O -
uroleuconaphin B, (19) uroleuconaphin B4 (15)

Table 7. Acid-promoted isomerization of uroleuconaphin B> (19).

entry acid (equiv) temp. (°C) time (h) result
1 alumina (pH 4.5)2 50 24 complex mixture
2 montmorillonite K102 50 24 complex mixture
3 amberlite IR-120B2 50 24 complex mixture
4 PPTS (30) 50 48 complex mixture
5 AcOH (30) 50 48 complex mixture
6 TFA (30) 50 48 complex mixture
7 TsOH-H,0 (30) rt 48 decomposition
8 TfOH (30) rt 48 decomposition
9 BF5-OEt; (30) rt 48 decomposition

412 g/mmol of solid acid was used.
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CERIN T RN P YA LN Wi 2RF

HO O

18a:R, =H, Ry =H 18b: Ry =H, Ry =H
19a: R, = H, R, = OH 19b: Ry = H, Ry = OH
30a: Ry = Me, R, = H 30b: Ry = Me, Ry =H
31a: Ry = Me, Ry = OH 31b: Ry = Me, R, = OH

Figure 19. Absolute configuration of 18, 19, 30, and 31

MR AZARBCE 23 BEATC & 2 Rtk oL P4 e X b it R 0B8R 30, 31 235
b= DT, Z OMILARRE IFRETE 5. 2 2 TRAEITI, LA X Y 572 30,
31 LT 77 Ly ofFo N R ZFEMHL b DDIIRNEES LT CD A< 7 |
NEWERT 2 2L C, HEEERE CIIRIVE TH o 72 KAV O MR T ARBLE % Bl & 201
L7z, &d, REEROIAZHIC X VB o /v X F {4 30,31 % conversion & 3R
L, KA1, 191 LT, TMS VT V' XA 2 v E{EHA ST, LAY 30, 31 ~E /-
b D % natural &KL L 7z,

Table 8 ICILIENEDMIERE R % £ & o7z, WHOLEOMHE E 2 OfF5 1%, Th %
NEV—HE R L% i, 2NofbGYD CD A7 b rdh —E L7 —flL LT,
Figure 20 \Zfb&# 30a D CD A7 A %Y. TLHDOERLL, ZhZhofbhs
P13 [F— DM ARBLE % b O & famo 1, RADOHE R 18,19 OV KELE % Figure
19 ISR T X 9 ICHIEL 72,
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40

Table 8. Optical rotations of compounds 30a, 30b, 31a and 31b.

compound [a]o temp. (°C) | c(g/dL)a

conversion +36.9 23 0.105

30a
natural +36.8 23 0.105
conversion +32.3 23 0.120

30b
natural +32.2 23 0.153
conversion +32.8 23 0.110

31a
natural +32.1 23 0.100
conversion +34.9 23 0.111

31b
natural +34.7 24 0.123

a CHCIs; was used for solvent.
i — conversion
— natural
200 250 300 350 400

Wavelength / nm

Figure 20. CD spectra of 30a (2x10> M, MeOH).
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i
3
i

{EEROYIEE X YT

1. Sk

Figure 21 IC 135 14,18 35 X N HLERTH % quinone A DEHNFTHIKIL A~ 27 b L% IR
L7z, 2o DuHETINA~Z FVIciERT % &, REEFE 14 3 498 nm ISR
INv—2%HF L, quinone A & HIKT 2 L RBEEM~DL 7 FBED LN, Thid
R 14 OFEEFICE VT, A & D TR LAHFEROMICEMZ N L7z o MRS FEET
572D TE RV eEZTNE M, —J7, BEEHE 18 1 quinone A XV KL 7
L7z 379 nm IR — 27 2R L7z, Tiid, B83F 18 OHERME OB ST £ —
IMEBICX D F 7 b F 7 voERBEML -0 E2LNE. 20X ), FMLH
Bik» 5755 BIMMLAEYTH > Th, Z0MEHRDBEVICX Y FIIRE L B A B,

O OH

HO :
999!

OH O

H
OH O

uroleuconaphin A4 (14) uroleuconaphin A, (18) quinone A
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— 14
18
/ — quinone A

: .

200 300 400 500 600 700 800
Wavelength / nm

Amax NM (log &)

14 276 (4.33), 498 (3.42)

18 291 (4.15), 326 (3.98), 379 (3.80)

quinone A | 272 (4.14),433 (3.59)

Figure 21. UV-Vis spectra of 14, 18 and quinone A (2x10°> M, MeOH).

2. s

TR LZL o, ©7 /7 F 7 x/ v ZBERAKAY I PR EESTUESS
TR L, e PiCE o THHL Y I 2EUEZTRTODRDH L. £, T77Lv0HD
K724 VREHRTH, FENGEPHEEEZ R T b oRRE I T2 k), AE
THELNE—HOOEAEYDAEYEMIC O OWTH kAL 203, 22T, £F132
N o FEOPRHE RS 21T > 72 (Figure 22). WIFNOLEW D 27T LRGHER
UCHIREMEZ R L7, Frc LAY 31 13867 o BRI IC I EWIEEZ R L, %
D MIC (¥ 3.13 mg/mL TH o7z, F71LEY) 30 OVEER M. smegmatis 133 2 iG 1k
1F, Cloa frEMAMBICRE S BAY, 2O EREICHEEL G2 5 2 LR
TE7-.

ek, PURNGHERRER L, RPAEIEPHEORGEREA KA L 72, T 2 PR R
Brici, #t7 FUERE (Staphylococcus aureus NBRC100910), A F >V Viitthdita 7
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N 7 BKE  [Methicillin-resistant Staphylococcus aureus subsp. aureus derived from ATCC
33592 (MRSA)], M (Bacillus subtilis NBRC13719), $UBEE (Mycobacterium smegmatis
NBRC13167), #%RW (Pseudomonas aeruginosa NBRC106052), K5 (Escherichia coli
NBRC102203), Wi RIRE (Klebsiella pneumoniae NBRC3512)% YP iR CHEE&E L 72

DDEBER & L THW,

H:
OH O =
uroleuconaphin A; (14): R=H uroleuconaphin A, (18): R =H 30a:R=H 30b:R=H
uroleuconaphin By (15): R=0H  uroleuconaphin B, (19): R = OH 31a:R=0OH 31b: R=0H

MIC (ug/mL)a &
Gram-positive bacteria Gram-negative bacteria

K% @ 2

: 2 5 3 S 3 <

T < 3 £ g i 3

) 1] @ «© S

S o ¢

14 12.5 12.5 - 100 - - —
15 12.5 25 25 - - - —
18 12.5 25 — 50 — — —
19 12.5 12.5 12.5 — - - —
30a 25 25 — 25 - - —
30b 25 25 — 1.56 — - —
31a 3.13 6.25 12.5 25 — - —
31b 3.13 6.25 12.5 50 - - —
ampicillin 200 256 128 128 128

a The microdilution method. » No activity was observed at 100 pg/mL in blank section.

Figure 22. Antibacterial activity of aphid pigments.
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H=E JRati3R uroleuconaphin A2 b fx B A 3R
viridaphin £~ D 25 {4

i
|
=
|
=

YIRRETFAT TSI LY

viridaphin A, (26): R

H viridaphin A, (28): R
viridaphin B, (27): R

OH viridaphin By (29): R

H
OH

Viridaphin #12, MMEZDINSIC XV Y I~ AT FHT 77 Lo b HE, #
WIREINTZR ) 724 FREEGROECEMOT 7YV avTchsr 9. cnbid, K
REWILELE LCREBLL, @B a8 hvkEtaEchy), v /77 F /v %
HEREHE 72 _BIMLAYTH D, ZOMELZTHT 5 &, FREEF uroleuconaphin
M RICHERD, —o0RA-7-T—FARICI Y ERL-ERABETHE L
Bohb, ZOTEhb, BEZEDOT 77 L83 20KFRETHLH 0D, HER
HofiaofMAfazic Xy, RataEr okt ~OLMO R ZE X . Thbb,
R ~OLH L [k, REEFE 14 O Cha iz — T AFEEOUINIC X 2 BBRA D4
K&, Kk ZECORMATERE L EoRBIKIC XY, B fER viridaphin A, (26)2°

fFon 5 &AHE L7 (Figure 23).
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acid

uroleuconaphin A; (14) viridaphin A, (26)

‘—HZOxZ

Figure 23. Working hypothesis for the conversion of uroleuconaphin A (14).
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A MEMSEE T D uroleuconaphin A1 B & U By D LA {1

1. KT RIG

FATiR 7= X 512, viridaphin FHE~OEHIC IIPIKR)IGE BB E T 5720, BEIESMN
TORIGERST 5 Lic L7z, REOEHE 14 IS0 T 2 BOMGHER % Table 9 ISR,
3% 14 120 L T CHCly/ b V= v=1/1 OEAEES, BREED Y 7 v 4 vl %z
THEL7-E A, HNOREESR 26 2557z (entry 1). KINETIEIH 2D DD,
e OVl & HIBRIC X 2 Rtataiir DiftatiBm oL Lz, 2oL &, 13 A
ERERIO RN T N0, KOVBEEOEW ALK VEE W TRICZIT - 72,
NV 77— RANF VGGG, PERICKRE RZLIEA O NRD o 7eDs, AR VA
VR VIEE WS EIRIZE E L 72 (entries 2 and 3). »¥7 b AT v 2k VEEEEH
TRz TH, YE30% THIIY) 26 3551, D& % b HIWYLAAMIER A FUY X
NEDHRTH o7 (entryd). £ T, oK A EZIAFELC, X VBEEOE
FUTAFB AR AR VBRI LTS, BEASELCL T v, I, BUEL D
WK T 32458 L 72 o7z (entry5). TEECHEME DAL 7223, 2R\ LICZES b o7
(entries 6 and 7). X 51T, MDOFHHEANF VIEDEA RS L 7225, WTFhoGa b I
KI|ZWE L 7RD > 72 (entries 8-13). 22T, NT7 AT VALK VBEEHWEZ L L
L, ROGHREE-CRIED Y& D MET L2208, IRk L o7, RIS ZIER L <
bWEINRD 2722 Db, entry 4 DFEMHTRIGEIT o 721, [BEILL 72 5R 2 FA]
AL, AIURIGZ ZFE#E VR L 7=, R iic, BEY) 26 OAFHIEE 60% %2 T & 7-.
DI, YPIEz THREEE 14 > HRkEGETE 26 ~O{LEEEEER L /2.
¥, WiKAIE LT MS4A R MgSOs, ~ VAT AV ERWIZRKIEDITo 7223, wiiho
LE b RO EE 26 1385 N R0 o T,

—77, REOEFEI5 IR LTOEBERESETOMIGEREA RS L7225, wFhodkffc
HbEMRBREYE 5 2 5 DA T, T X N2 viridaphin B, Q) IZB LN o7, D
FEFITNT 3 2 AR R B IZ AN IH72 28, B3R 1513 14 X 0 S IR(LEEA S <, CAfLICKIE
HAboZ b, BIESMIC Z OKBEEEABIHEL C, £ Uz h R hF4 v ks
RIGEEHL LT3 b DEEZ T3 (Figure 24).
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H:
OH O -

acid

CHClg/toluene = 1/1
temp., 18 h

uroleuconaphin A; (14)

viridaphin A, (26)

Table 9. Acid promoted conversion of uroleuconaphin A; (14).

entry acid (equiv) temp. (°C) yield (%) recovery (%)
1 TFA (26) 100 5 95
2 CSA (16) 100 7 70
3 MsOH (5) 80 22 29
4 TsOH-H0 (2) 100 30 (60)2 67
5 TfOH (2) 80 18 0
6 H SO, (4) 80 <15 0
7 6 M HCI (20) 80 0 >95
8 A(2) 100 20 50
9 B (2) 100 22 55
10 C(2 100 trace <60
11 D (2) 100 17 12
12 E (2) 100 trace <45
13 F(2) 100 13 42

4 Combined yield of 26 by recycling starting material (three cycles).

oo

A

OgNOSO:;H
. XH20

CIOSOsH

E
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Figure 24. Hypothesis for the conversion of uroleuconaphin B; (15).

KRG X Y135 iz fktatash 26 DHNELE D, KAV HOFELZd D LH—T
H5HILEERT 5720, ZOHENEZ L 72, RAY»OHEZU) ) L CEFEL
72635 26 D HHESCE 23+2956 (¢ 0.015, MeOH)T» 2 D icxt L, {b2EZ2faic X v H57-1k
AW 26 D HHENCE 13+2805 (¢ 0.018, MeOH) TH - 72. % DHEXHMEIC 1% 150 FLE D 2228
HY, R EVIERNEZR L7z, 22T, RIGICX VRSN EFR 26 % il T
L7z& Z 5, it HPLC Z#7C, KRBT A SN R BMER S > Tw 3
Z L AHBH L 72 (COSMOSIL 5C18-MS-II, 4.6 x 250 mm, MeCN/H>O/TFA = 75/25/0.1, 1.0
mL/min, 680 nm). % ® HPLC F + — b % Figure 25 I/~ L 72. 835 26 (tg = 17.9 min) X
D b RFFRFREI OV Y — 2 26°(tr=11.9 min)23, DT Bl E 7z, 260004 KE T
GEMFIC X o TEL L 7228, ZoFllicowTidhibd 3.
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30

25

tg=17.9 min
20 R

26
= 15
% /
10
5 26’\Tn=11.9min
L N

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
[min]

Conditions

Column : COSMOSIL 5C18-MS-II, 4.6 x 250 mm
Eluent : MeCN/H,O/TFA = 75/25/0.1

Flow rate: 1.0 mL/min

Detector : 680 nm

Figure 25. Reversed-phase HPLC trace.

4-epi-26 (26”) 26

Key NOESY correlations
(CDCI3 + CD30D)

Figure 26. Key NOESY correlations of 26 and 4-epi-26.

200 DEE F HERE T % 72 0 It HPLC % W T L 72 (COSMOSIL 5C18-MS-II,
20 x 250 mm, MeCN/H,O/TFA =75/25/0.1, 8.0 mL/min, 680 nm). 155 172 26 & 26°D NMR
D CAGIKFEDH v 7V v ZEE (JE)E NOESY HHEHIC > W CEHIC T L 7. a3k
26 %, C4fKFE L C12 K3 I NOESY MBS B X v, C4 f/kFE D JfEDS, 7.6Hz
THDHInb, CANMIUHRLFEE BULE & Mmoo T 72, —7, (LAWY 201%, C4 K
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FE C3 /KFHEIC NOESY MBI Bl & v, C4 fikKFED J 2, 29 Hz TH 5B Z &b
5, ZObDD CAMAHIFEIF o BEEBLERELZ., ThbDT L XY, 1R 2001
E% CANLT v~ — (4-epi-26)TH % & PL7E L 7= (Figure 26).

tBFE 26 D CANLITT ) VALK = LDy i THL LD, =/ =Lz fRHL T
e A VfEFazlid, THcHEroNS. BE ¥ F7 R vo/ET, =/
VO y MOVREBERE T T A VLI L2 FEAHVLN TN S, b, 4-
epi-26 % 5y BiEth D 3 26 O LLHENCE 13+2898 (¢ 0.015, MeOH) I 72 - 7. (LAY 4-epi-26
D HHENEE 25-1546 (¢ 0.013, MeOH) TH o 72 Z & 22 5, EHRIED EFYIC 4-epi-26 73
EEAL Tz &2, HRNEOKRT LAZERKNTH 2 LR TE 2. £z, 20l
EERBEREE I O WTII®BIRT 3,

1985 FICEH S 1%, WFIE ORI E Fv 2RISR T, Clfizzvx V{LaEs T, RAY
kalafungin DG AR L TV 5 2,

OH O : OH O
R o H,SO0, ! o
benzene, rt, 0.5 h
| Y,

O OH COOEt 0] O‘<

(0]
kalafungin
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2. BIKGEMTORIG

REEFR 14 2 HikEEFE 26 ~OLHITKII L 72 b 0D, TS LEIAEKY) 4-¢pi-26
DR L 72720, RIGOHEBE 21T o7, A SLFEat Lz e 25, A/KIEE% FHv
7o BOG T RS DR & 13FEHR K & C 7 o 72 (Scheme 6). T7abbH, tAFE 141
Xf LT, THF/H0=1/1 DIRGHET, X7 brz v 2k vigzeMzcmiilze Z
A, thF 26 12, %D C4MLDEEL & N7kt viridaphin A, (28) 23K 20% TfF
bz, 6, ALy YR LEERFT7 FF VA8 HHEIEL, ZDUIEKIL 66%T
Hotz. T, REBHFEISITHLTHRROFFCTRIGEfTo7E 25, WIET 3
fktt a3 viridaphin B2 (27)% X O viridaphin B (29)%, {KINEKAR Lz nfEGs C &
NTE, Thick b, FREER viidaphin FHEPUFEL 52 2 & ICHIN L 7=,

TsOH-H,0
(2 equiv)

THF/H,0 = 1/1
80°C,18h

viridaphin A, (26): R = H, 10% viridaphin A; (28): R = H, 20%

uroleuconaphin A; (14): R=H
R =OH viridaphin B, (27): R = OH, 5% viridaphin B4 (29): R = OH, 15%

uroleuconaphin B4 (15):

48: R =H, 66%
49: R =0H, 43%

Scheme 6. Acid-promoted conversion in aqueous media.

¥, TDEMFTITIE 4-epi-26 AR L TWR\W T & % HPLC Ic X Y 2 L 7= (Figure
27). BHRE BRI 2S, KOFEEIC L b e 2 VALIZIH S 3 F5 R & 2o 72,
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f ' ‘ . !

45t -~ 15¢1637t-2~1
40t
- tp=17.9 min
30F

2 :

20

26

[mV]

10

o

0 ‘..."‘ il SN

-5

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
[ min]

Conditions

Column : COSMOSIL 5C18-MS-II, 4.6 x 250 mm
Eluent : MeCN/H,O/TFA = 75/25/0.1

Flow rate: 1.0 mL/min

Detector : UV-680 nm

Figure 27. Reversed-phase HPLC of 26 obtained under aqueous conditions.

KIIETDOIKDFEE R T 570, BIEOFHMET%1T > 72 (Table 10). 4-epi-26 7*
AR L 72 2> o 72 THF/H,0=1/1 DRAESD THF Z = F L v 7' ) a— LICEHEL 72, K
EDINIRERTIE, DT DT d-¢pi-26 DA L 72D DD, 2EDIE LA L L7 (entry
2). KoEIGZ NI T 81 BARERICTE, NEKRIbTLICHRELZD DD 4-epi-
26 DAEMEIIEML 7 (entry 3). 72, =F L v 7Y a—LvHMCTRIGL R, %
DERKLCIZHHEE L, 4-epi-26 ZTEHEBY & 72 o 72 (entry 4). F&D Table 9 T L 72K
ZMFF, P V/CHCL BB R Z W858 L AL (26:4-¢pi-26=98:2)2 % 72
LR L IR0z, TD X, RIGCHFFDIKD 4-epi-26 DLELZINHI L T 5 & & 23

NTED, TR AREENZOWTIIAIHTH 5.
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TsOH-H,0
(2 equiv)

: K solvent
HO R 80°C, 18 h

H :
OH O -
uroleuconaphin A (14)

viridaphin A, (28) 48

Table 10. Screening of solvents

result (%)

entry solvent
26 28 48
(26:4-epi-26)2
_ 10
1 THF/H,0 = 1/1 (100:0) 20 66
2 HOCH,CH,OH/H,0 = 1/1 (9%?2) trace 43
_ 36
3 HOCH,CH,OH/H,0 = 8/1 (75:25) 0 33
14
4 HOCH,CH,OH (32:68) 0 0

@ Determined by HPLC

3. {LEY) 48 DA LARECIE D PE

—7, WAEEDMEMTHLERF 7 %/ v 48 DA E % OREIC D BBRAY D 7=
N5, SR 14 OHSIARELEIZBENCTH 5720, LEW 48 OHLARFE ORI
HOENTHD. —J7, flAKICBES 2 VARRLE Z NOESY & X UF ROESY HMIE 20CHEE T &
IR olelz®, X B ERTIC L VIRET D Z &L, £, (e 48 O CT itk
CTHL7 = 7 —N%ZNZI MOM £ CHRE L TLEY) 50 ~E8 &, Fif—T /105 Ffbd
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FTHZEICED, AL PEaOsbRERED Z E N TE . O X MG
WradTo 2 &C, BiARFICBET M % RECE & PE LT (Figure28). Z AU, JFEHT
B oIREETE 14 O CSPLOFLAEFNE AT T %) 48 DR~ LB I N Z & %
RLTWA. T72bh, % 14 O Clafi=—T VEHOUWiE, meZ /7 hx /) [
D CC FERITEHRT D Z L 72<, (LAWA8 WELT-Z &3 -7 (Figure 29).

MOMCI
i-ProNEt, DMAP

THF,0°C — 1t
56%

Crystal data
Crystal Orthorhombic
Space group P24242,

Dimensions: g =10.2753 (13) A
b =15.0618 (19) A
c=19.8940 (3) A
Z=4
V =3079 (7) A3

Measurement

Mac Sci(—;nce MXC1.8
CCDC 2104603 4783 Unique reflections

Hydrogen atoms are omitted for clarity. Analysis
Direct Method (SIR 92)

Refinement
Least Squares method

Final R =0.0459

Figure 28. Preparation of 50 and its X-ray structure.

uroleuconaphin A; (14) 48

Figure 29. Central-to-axial chirality transfer.
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S MICHREICEE S 2 B

R Rk B~ DAL ERIT I L 72D C, % ORISR IC O WTU FIicER S+
3. 59, UL TCOEM O b-2 ) —VEERICKHE W~ A4 7 ARSI X b
BAERIA 52 8L 5. Hi\C, CSAKIBIEEA 7' v b v bk L., LA AR A F
v D BAL (C6 L)y~ CT L7 = /7 —AnnFWNKKET 22 LT, NERZ—71
BT 5. RITALAEY) 54 D CANLT M a—A 28 CSOPLANR =V RFEE RIZBEL,

~NIT RN 55 BEL AR, WiKke AARMEZRE TR 26 2SER L7z E 2

7z (Scheme 7).

retro-Michael
reaction

-H,0

viridaphin A, (26)

Scheme 7. Proposed mechanism for the chemical conversion of uroleuconaphin A (14).
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RIT, 126 ~ODEMDOER, DI PICEK L 72 4-epi-26 DHEEEFERE % Scheme
I/ d. HiASe DAEERMEICI VAL -FE 20D C4fipT e A V{LL T57 ~
& B LM [path (a)] &, 56 D C4 (ikFE%E G BARM: > L EREPMEIKR ST BEL 2

HHE [path (b)]D — 2% F 2 T3,

path (a)
H+ —H*

tautomerization

uroleuconaphin A; (14)

path (b) —H+ | tautomerization

Scheme 8. Proposed mechanism for the formation of 4-epi-26.

—J7, BKBEPORISTRONIZERF 7 P F 7 v 48 1%, ANFA T4 vk
531Xt L C/KA C6 hricskRiZ@Efad 32 2 ce Fu¥x/ v 58 &b, fic EXlE bz
BCTHEK L &E 27 (Scheme9). 72, /Kb THOLNkkEETE 28 1%, Scheme 7
IR L 72 SOGHTEE D W I I SROSTABE D AR S RIZIER L 2 2 & T, AR L7d D
EEz 7.
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" air oxidation

_ =

Scheme 9. Proposed mechanism for the formation of 48.

ZZT, L&Y 28 & 48 ICEAINTLBRVKIEKRTH 2 L 2R T 57-0IC,
HEEFEK ZHOCESERETo 72, $hbb, 0K 14 % THF IKEH» L 728, =
FRERMLUCKIGZITo72. 3, EXFT7EFF ) V48ICODVTIRAARY P L%
fRNT L7 & 25, BEREFANVAEN-ZDDICHY T3~ — 2728/ 517 (Figure
30). 22T, BERFROBAMEZRTT 272010, 5517 48 O BC-NMR # fi#HT L
7= (Figure 31)2), HEEFEZIVIAA TR VA8 D A7 P EHEIL T, CTHLE C9
Lo — 27 I B N0, FiTICERLPEAL L BbNS Cofior— 21Tl
R RO N h o7z, £ D=0, C6 MEHIIREF DK TH 2 5 OMEE
ICIEE o TR\, d, C7 ik XU C9 MFEFROEKFREW L, HEERKO~A T

MG E AL CTHE L& FE 2T\ 5 (Scheme 10).

*Merck fHEL, FEINAFE 97 atom% 20 Db D A {HH L 7=,
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TsOH-H,0
(2 equiv) i
THF, H,'80
80 °C
H :
OH O :
uroleuconaphin A4 (14) viridaphin A; (28) 48
TBOMER D A F N TR U 1801b=: 79%
< Mass spectrum of 48 >
585.1373
800
180-48
600 5
400 §
+4
200 +2
58k,5 58‘5.0 58‘5.5 58‘6.0 58‘6.5 58‘7.0*8‘7.5 58‘8.0 8‘8.5 58‘9.0 58‘&5 59‘00 59‘05 59‘10 59‘15 59‘20 59‘25 59‘30 59‘3.5 59‘4.0 59‘4.5 595.6m/z
587.1402
2000 180
589.1442 ©0-48
1600
1200 _
800 % ;
400 T T T T T T T T T T T T T T T T T T T T T 1
5845 5850 5855 5860 5865 5870 5875 5880 5885 589.0 5895 590.0 5905 591.0 5915 5920 5925 5930 5935 5940 5945 595.0m/z

Figure 30. Acid-promoted conversion of uroleuconaphin A; (14) with water-'30.

48



v 181.24
- 158.71

-

i‘\
<
o

T . . ‘
- 181.2

Figure 31. >*C-NMR spectrum of 48 in acetone-ds.
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Scheme 10. '80-substitution at C7 and C9 of 48.

—F, taFE 28 CIHEMELM VAL~ R — 7 3R CE o7, 2T, BEK
W3 Z &I L, THE/D,O IRAEEE T, FRICRIGZTT27-. £ L7228 ® 'H-NMR %
R L7-& 25, HHEET T b vIdsERIicE/RKEBBINTOED, Firric8A X

C4 hikgEE 7 v b v O BEKEEKIL 18% &K\ H DTH - 72 (Scheme 11) 20,

[>99]
TsOH-H,0
(2 equiv)
THF/D,0 = 1/1
80°C,18h HO
D -
%]  op o
[50]
uroleuconaphin A4 (14) deuterated viridaphin A4

(500 MHz, DMSO-dj)

Scheme 11. Acid-promoted conversion of uroleuconaphin A; (14) with deuterated water.
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INETOREL L, C4MIKBEDHRIZKLUNDOTREED B ETE 2V, 22T
ARk o REME 2 et 9 2 HIUC, BHEEEREIRL 257 P v vk VR 2 Fwv
TRIGZETo72 29, LaL, EEYDO~ AR F A LEEEDOR Y AL IR T
Ehadol. 22T, WP OBRHFREDOECEZ L, TAIVYANT Y VT LRl
FWTRBRICKIEZ 1T o 7225, (LAY 28,48 (3L ITEM L 72, kT, R OiER
DWERE 7z, BER"THOIZRIGDITo72. TAITv AT Y v 7k b i lis
L7tz HnC, TA TV P ChiEefT o 7212, =i, EHERXIL T T30 5
JERJSER A B L7, Lo L, B L 72 b6 28,48 & b ICHER DMLV A A X4 D

Nl ot-. 5D A LAY 28 & 48 ICE A X N-EEIROEFEICIZTE > T\,

CEHBREERL 28T Py AVE VB, STROTEESEICLUT O FIECIHE L 72 29,
HAL ST bz vy AR (05g 2.6 mmol)%E R AT Y (5 mL) AR, HEEEFE/K (210 uL, 10.4
mmol) % Il z., 20 REINBGRTE L 72, RO % Eil i mHitg, 4 U7z AafiEoE % 251 L 7-.
Bonzllkz Y roo 2 &2 Ok, BEZL, EBREBEIRLZ T LTy 2K VB ERICK
11% (48.6 mg) TS 7=.

P H,'80 (4 equiv) %P

S S
cy —— - ~,
/©/ toluene /©/ 180H
reflux, 20 h

1%

" OPUERR AR, [FIAZAHEEE 98 atom% PO Db D E I L 7.
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SHVUET RO SR DA AR ICE D PRE

M ARECE OB & 22 it R bkt ta R %G5 Z L ICI LzoT, KA
DR E A7 AT — 2 &I L T, HEEBRE CIRAHTH > 72 e 2 (A i iE
RRUE L7z, Tk, ROEBEOFHERIZ L0 SO0 % conversion & £Fl L, K
RINSFHFE L2 b DT natural &£ FT. 77703 bEbN 5 FGEEIIEEATH
%72%, Scheme 12 IC/RT L HICT 7Y 226,288 X129 ~E\w7z, 72, (6#29
1%, A7 MRERIZEE OGN DI T2D, TMS 7 YV A% U HWT, C7
N7 x )=k ATF L LTALEY 59 ~E X, T —X &g L7z (Scheme 13).

CSA

MeOH, rt

65%

CSA

MeOH, rt
97%

TSOH-H,0

MeOH, rt
71%

viridaphin B4 glucoside (24) viridaphin B4 (29)

Scheme 12. Hydrolysis of viridaphin glucosides.
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TMSCHN, MeO

toluene/MeOH = 1/1
rt,1h

OH 0 ° 63%

viridaphin B4 (29) 59
Scheme 13. Methylation of viridaphin B, (29).
Table 11 (Z ELFE N OMIERE R A2 R T, e E OMaxHE & & O 51, WIhofk
B IN—HE R L. 61T, ZholbaEmO CD AT bbb —F L7z Z &
5, RIRDOFEOOIEDHRISARELE % Scheme 12 (R L2 KO WCIRE L. —HlE L

T, Figure 32 \Z{LAW 26 D CD ALY FLZERT.

Table 11. Optical rotations of compounds 26, 28 and 59.

compound [a]o temp. (°C) c(g/dL)?

conversion +2898 24 0.019

26
natural +2956 24 0.015
conversion -1820 20 0.014

28
natural —-1785 22 0.014
conversion —2111 22 0.019

59
natural —2186 22 0.019

a MeOH was used for solvent.
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Ae / M1.cm™

30

20

10

-10

—— conversion
i — natural
200 400 600 800

Wavelength / nm

Figure 32. CD spectra of 26 (2x10> M, MeOH).
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BHAT RO XA G T

¥

HIfiC, RIRE TH > 7z viridaphin FH D M7 IRECE 2 PE L 7228, % OREM 7k
MOEIC D BIRDY D 721 5. 2 & T, X MG IHERITIC X VRS 2 720, RBitazE o
Higdtx Big L 72,

WHFFEE Y1, RS b viridaphin FHO X AARLE ZRE T 5720, B3R 2
HFET% b OBEMEZEA L 2FE R E PO kit 23R Tv 223, HifbihiEHE s
NTWiaw B gt Ro BRI sNEEcH 2  LIETHEI LA, EERETOR
Wi s eEzT-. £3, ttFE26 & 28 DLzl A7z, ~F ¥ V/EtOAc, ~F ¥ v
/CHCI3/MeOH, v v/ /EtOAc 7% £ DIRARHEICHN 2, viridaphin 20 & LI L 7-H&E %
9 2 ERkOOE xylindein DFSRLEEZSEIC 80% 7 = /7 —A/KE W7 FRR bR
Hiz 30, LoaLl, WIhoBEbREES T, FERSHTH T 2 ANCHRE 30 L
7. OOEAF OB LEREETH - 2720, FEKoRE2HERF T2 LI
L7.

Ry Ry Ro
26a Me 28a Me H
26b MOM 28b MOM H
26¢ Ac 28c Ac H
26d p-bromobenzoy! 28d H Ac
28e Ac Ac
28f p-bromobenzoyl H

Figure 33. Derivatives of 26 and 28.
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1326 3 L U 28 2> 5 Figure 33 IO T BIEOFEMAR~NE X, Hiimzmai L. %
DR, BFR28DCINL7 =/ =% T 2 F UL 723580k 28¢ % ~F ¥ Y /EtOAc D
BAESY SRS L, BUIRKE L 72 & 2 A0SR L 72, % o #iikE
X A RS A 5 C4 FIKEEIE DS 7 2 F AL L 725580k 28d D& b7z
(Figure 34). FHESHICT e FAEPI L2 EZ NS, LirL, ZoLEfHbh

=~

7oA T — 2 ORI, RIFARfiT — 2 085 b N d - 72 DT, 28d OfERL %
FHRET L7z, 2721, AT £ It 2 L, & il < 28d ~Hal7 L 72 D 2> A
Thollz®, WHTHBFT 2 Lic L7z, 3, BF 28 1T L T DMAP F#&E T,
ET7 e F VAR SR, YT vF UK 28e 21572, Ric, KAV v L EHWTCT

(L7 =2/ —NDT 2 F VDB ENIKDHES 5 Z & T, 551K 28d #1572 (Scheme 14).

AcCl, DMAP  AcO KoCOs
CH,Cly, rt MeOH, 0 °C
OH O 79% 62%
viridaphin A, (28) 28e 28d

Scheme 14. Preparation of derivative 28d.
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FHNHT BREEROEYINEE X YT

1. Sk

T, AECTH LN —HEoERLEYD NI O WTIH~ 5. Figure 35 IC %
DEI AN A <7 PV ERT. S S EROAEHERINA =7 P LiZKRE SRR Y,
fra sk 26 35 X 0028 13 370 nm fHEICY v — 77 v — 27 & 620 nm LA ko RIEREMHEIC
FHA 3 OOWINE =2 %2R T. ZofE, § 77 vEbOFT FF I vOEIK
{L&EYIT, HEMICBEL 7240k * 7 v 2 F 3 2 Hikt3R xylindein DI A =27 P&
FLLL T3 3w, —J, ALYy YHEBETHLET Y — 48 [TRMEER 14 & KL T,
DEDPICHEREY 7 b L7z 466 nm ICHRIRIN Y — 2 2R L7z, 2D X I, HERKHD
fEARADENIC LY, HTREROLERBIRE LT L ibh ot

O OH O

xylindein
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S
g

— 14
26
3 — 28
_ 48
S
©
52 1
1V
>
1 \
\\\;::>=>\
0 T T T \ T 1 T -
200 300 400 500 600 700 800
Wavelength / nm
Zmax M (log &)
14 276 (4.33), 498 (3.42)
26 257 (4.42), 303 (4.06), 369 (4.15), 622 (3.76), 684 (3.92), 749 (3.95)
28 256 (4.53), 302 (4.19), 368 (4.26), 621 (3.94), 682 (4.09), 742 (4.06)
48 273 (4.47), 466 (3.97)
Figure 35. UV-Vis spectra of aphid pigments (2x10> M, MeOH).
2. HWsTE

o —#HOBEFRMLEMICOWTY, PIREHERBE%Z 1T > 7% (Figure 36). fxfatas
X, WD 77 ABHEICON L CHENEEZ R L 7z, FRICLEY) 4-¢pi-26 13E G T F
7 ERE IS LT, MIC0.16 pg/mL & {KIRE CEEZEZ R L7, & 51, LAWY 4-epi-26 &
59 | MRSA IZxf LTI EEZ R L7z, LG 4-epi-26 12, ARSI X Y EIZEL
2HDTHY, RACIFEL R, TOb DR —HofkEEFROH TR d BV IEN%
N7z 8, ERENERTH L. F77, 4-epi-26 DRI FEIFE DO T 28 L LI
LT, VBuiEEZRLAZZ 220, C4NMKBROBERATIREEICHET L L
Do Tz
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viridaphin A, (26):
viridaphin B, (27):

viridaphin A; (28): R=H
viridaphin B4 (29): R =

MIC (ng/mL) 2 b

Gram-positive bacteria

Gram-negative bacteria

@ © 5
-~ 1) -
o 1) IS o IS
3 < = g £ S S
o %) Q > > [« S
> o 3> [} S ! =]
R s U) IS E w o
% o ’ S S
S o <
26 6.25 12.5 6.25 100 - - —
4-epi-26 - 3.13 6.25 — — — —
27 3.13 25 50 — - — —
28 25 50 - - - - -
29 — 50 100 — — — —
59 1.56 3.13 12.5 12.5 - — —
48 — — — — - — —
49 - — — — - — —
ampicillin 200 256 128 128 128

a The microdilution method. » No activity was observed at 100 pg/mL in blank section.

Figure 36. Antibacterial activity of aphid pigments.
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HBUUE 35 G E 3R uroleuconaphin FH D g AR~ D ) fif SO

St

H—0 JFEl
AREwEClE, HEZITHICRELE, vV AFX Ik 2EBEEOFHER 31 O HEE
32-34 ~DRIGDFMIC OWTIRR S, BEOEBKIG & FEE, ¥ X F ik 31

DT X —NDORZNC X Y BBRERER L 218, HEREZ OB CREKE (C-OFE

DYIWI A Z o 72455 & & 2 T\ % (Scheme 15).

o R

MeO -
OH O
(0]
o :
. OH O .
MeO

32:R=H
p— Ho.|~ ©.OH OH 33:R=OH

MeO
im‘n 0 Q OH OH
: MeO .
HO O =
(o]

31 B (K :
O OH -

34

silica gel

Scheme 15. Degradation of 31.

—MRINICKE 7 C-C A OUIRTIZEEL <, TRZEDS L7k AL RFELEAICITD
NTW3, FEZH/TAra—1o C-C HEEGORHEICOWTIE, SifimEBEESEIHVS
NP3 % 3D, SEAETIE, Rifiv D REWNE L, RE~DAMD PN L2 b,
U NTAERCEIGDECMESI N T WS 23, LarLl, SREAHLZHER~D
SRIIED X 5 7 C-C fEGOYIBTICH W SN |EHNL R, RRISICEWTH Y
N T ARREEOEE RIS T» B 235 TH 5. X HIC, RARISTIRIBLEDRA %
SHHOHEBRPERLTHE T EhD, C-C MHAEDRHELE &b ITHLREITRKIG
EChBY, STV I ATADBEESE LTI b BRSNS 205, 22T, AR
FIGOWREZIH L I T 2720, ZOFMEHRH~N3Z LicL -
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B8 7-0, 7°-O-dimethyl uroleuconaphin Bob D 57 f# s

BoEMEiT, YA BEAER 19 HOREEER 15 ~OHFIGIC DN T
Wi~ 7223, Scheme 16 12 % OHEE SCHME 2 FHES 2. ARUGTIE, 3 19 2FRIC X
DEHERER, CTHRL7 =/ — A bT ) v ~Di TN~ A T AN ETT 5 2 & ctak
ISERT 2 EFEZTNDE, 207D, CTR7 =/ =V EZAFVETRELLZI AT
etk 31 TliE, FFA~A AR o3, SRICIFETLRWEEEINS
(Scheme 16). FEFE, LAY 31b IZLIEICHFETZ, £ D Cl0a ML EIEMKRICOWT D 47
TE7- (B2 ). ¥bic, ERT, A2/ —AhTo VAT VEEREE722,

31b IFEEICHEIN X N, Z OREMW %L TZ 7 (Scheme 17).

_H* intramolecular
Michael addition

on o

uroleuconaphin B4 (15)

Scheme 16. Plausible mechanism of reverse conversion of uroleuconaphin B> (19).
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silica gel

MeOH, rt
48 h

recovery (100%)

Scheme 17. Chemical stability of 31b in the presence of silica gel.

KIT, BT 2 REWERTERT 2720, A%/ —AFh T4 RRHMEERL & C
2, (L&Y 3b D ETFTOET ) F7F ) vEORLS C-CHAEXUIN S, BILED
Bl7r 3 OB EIR 32-34 1IC/0f# L 72 (Scheme 18). CTH.7 = /7 — VA2 {RF#EL T
R 19100 LTRSS T TRIG L 2356, BB R0 »3 A mS 2 b
DD, RIS~ WIS D, LEY) 31b DFER & K& {7z 57z (Scheme 19).

o] O OH
“ . MeO MeO -
H silica gel ‘
MeOH, reflux (0] (0]
24 h : :
OH O = OH O =
TLC 32 33
__________ 21% 21%
-—32
I3 O  OH OH
MeO
31—~ .
L R :
34 O OH -
L-s-0-0- 34
SM_RBRM

n-hexane/EtOAc = 2/1 28%

Scheme 18. Silica gel-promoted degradation of 31b.
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silica gel

MeOH, reflux
36 h

20%

H
OH O =

uroleuconaphin B, (19) uroleuconaphin By (15)

Scheme 19. Silica gel-promoted conversion of uroleuconaphin B> (19).
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H

A RS ORI B 3 5 E %

HRIR~ DR IE OWRE% Scheme 20 ISR T X HICEHE Lz, £F, THZX—1LD
FAZLC X Y, BIBRK 62 8L L 2. 2 DNV E VEBREIBETEETH LD, F/ v~
DEF O LARICE VLAY 63 ~DHEERENEL 2 LEZONS. Z DR, COfL
D7m kALK Y 64 BETNIE, FEBECERENE L CSTra—AhbD
BrHGIC XV REARRO C-CHADYIMBE S, HEIKRIBZ3BERT L LFE 2. £
72, BLEDOR L 2 BRI B L3413, LAEWIZPEL 2K, HTHToOiEL
BICKIGIC K o THEL DD EE X TS

OH O
908
MeO
O OH reduced
33 intermolecular 32
redox
—_— —_— +
—H+
O OH O, OH OH
MeO - MeO -
O‘ 0 ‘O o]
64 : :
HO O = O OH -
33 34

Scheme 20. Proposed mechanism for silica gel-promoted conversion of 31b.

X VEII R R LEITCR ZTERK T 5 2 L B S T % 283, Scheme 20 127K
L7tk 2S5 2 F 7 FF 7 VvOOTFRBILETTICOWTOREH IR\, 2T, &
BRI B ER 33 AL TR LETC RGBT Z 2 2 iR T 5720, ¥V AT VFEETIC
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BRI L 728 & A, BRINE 2L HEik 32 & 34 285 572 (Scheme21). THICT XD,
IIRIIGIC X o THEB L 72L& 33 ODBLEITTICE D, 32 BX U4 BELZEEZ
TWwW3., ¥, ZONGTIE, HEMEK 33 258k y 7)) v 7L LEWICHY T 3,

THEE6S A ICEE T A NEERRER 11 DY T AT LA —REYE LT, INE27%

TEL N,
O OH (o] O OH
MeO . silica gel MeO MeO ‘ .
O‘ o MeOH, reflux O‘ o O o}
: 24 h : :
OH O = OH O = OH O :
33 32 33
TLC 4% 34%
-~ 32
33—
O OH OH
! 1<4——34 MeO -
T U
F=4==l-=+-4 0
SM__RM _
n-hexane/EtOAc = 2/1 O OH
34 65
7% 27%

diastereomer (1:1)

Scheme 21. Silica gel-promoted redox reaction of 33.

HEAR~ODBISICENTY Y ATV, e LTERHL w2 b0 EEZZ %
T, YUATAUNDEEIC X B HBIR~DRHZL )G % A 72 (Table 12). L&Y 31b
IS LTAR 7 — v, FfREEE LT, BBIETALIF, EVvEY RS A T KIO, TN
— 74 FIR-120B Z W7z, L2 L, WENOEE b BT 2 721 CHERIZE
b7 o7z (entries 1-3). KiC, 7'u b VEETH BEERE 2 IAHEE W CTINE L 7223,
BHRREAYERD, 20D HBRIIELNRD 572 (entry4). 72, {LEY) 31b I
WLTRAR ) —VERE VT VEEER, X7 PV v Rk VIBCTRBEZEH < &
TY, HMRBEAYPEONLEDATH 572 (entries5-8). TNHDFEEL L, HER
~OGRIGIE > Y A7V CRENICEZ 2 L F 2 b 5.
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o

O OH
. , MeO MeO -
solvent, temp. o 0]
time : :

OH O * OH O
32 33
31b O OH OH
MeO :
O OH °
34

Table 12. Acid-promoted conversion of 31b.

entry acid (equiv) solvent temp. (°C) time (h) result
1 alumina (pH 4.5)2 MeOH 50 6 decomposition
2 montmorillonite K102 MeOH 50 6 decomposition
3 amberlite IR-120B2 MeOH reflux 24 decomposition
4 AcOHP — reflux 24 decomposition
5 TsOH-H,0 (45) MeOH reflux 15 decomposition
6 H,SO, (120) MeOH reflux 8 decomposition
7 TsOH-H,0 (45) toluene 80 15 decomposition
8 H>S0, (120) toluene 80 8 decomposition

254 g/mmol of solid acid was used. ? AcOH was used as a solvent (2.0 mM).

SCHR b, 2 ) A7 A CRERINICET T 2 KIS oE I nTE D, wind v
VAFNKREOY 7 7 — AL ) RISAET 2 L E 2 bNTwd D, KRGS [
BRic, 28Dy 7 —NEEFE 31b »WKERAZEE T2 ik, BHEER~D
PREPOCHEEL - FEx b b, 22T, szl 70RO I AT V%
2 W TGS Z#ET L 72 (Table 13). £3, A&/ — A CcoRIGTHRETTDE
WKL TRRDOKE X, pH OFHELRF 7 (entries 14). > V) A7 L OMBHEITEeH 4 X%
ZEHELCTHHEAROIRICKE REIAONE» o228, BMEC ) A7V (pH=6)%
w756, REREIRE NS b D0, HEMUCKEREE R oA ARk L, BaEdkiIs
bNRD o7z, FeDEOME! (Table 12)IC BT & HEMAKIZA KT, B L <
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Wz Tl b, BUESH TICEERERIZETLAVEEZTHD, T2, EREC
THBEERIEON R 272D L, YU ATAEMZT, X —VDATRILT S
L, DIEDLICHERSAK L 72 (entries 5 and 6). AXJGTOBBEDOTFEIZIKE W EE
Z, BIERGET R To 7. b Ty, ZuuxvEy, MBI FLCE, BERIIAEKL
ol n-7mox) —AEkHGESAC, LAY 32-34 BMERICE RS LT
(entries 7-10). Z DFERDP S, AKIGIZ 7 v b v IHEARER TR ZKIGTH S 2 0D
Do, BFEELRITERIE, 7o b viAEb TR P v RIRE I LY T W9,
{LEY 64 DERBPEHES NEZ D TR RV EFEZTVS, T, Bl ) hy
NEROCTRIGEIT> 72, (LA 31D I LTRA X ) — A, 6%aKky ) h TV a1E
gzl h, HEAR32-34 1A T, 8K 65 2UNE 37% T 5 L7z (entry 11).
I, HEEREA Yy 7Y v I LEEMICHYE T2 Y, ZobonERT 5
Ke LT, R IATVICOTMICEEN2REIEAIKE & DICIETHL, fillife L
TERAL7ZD0TlRAnr e E L. 22T, KOFEELZRLZD, AX) =LK =
11 RAEEEF, entry | THOW Y VAT A REHI ¢ 25, Z8IK 65 134K
T, HEAR M BFEIELNE (entry 12). KOFFEIC XY, BILRICHMEEL 72 & & 2
Tw3., £/, ZFHICAHBOKBEET L EAEETRAVLEEZLNS 9, X
<, BEEOHELREIPD L0, HOP LD 2 VBETHEEWEL 2> ) AT
EHOTRICZIT> 72 (entry 13)™3), FRUEAY, 8K 65 IZAEKL d o722, HE
HOHEE LG onar o/, TR DRSS, HEBER~DSEIIGTIE, U H
FAHICEINEDTHAAEBESES LT3 AREEARB I N, Zo&EiED
[6] € 2 2 E Ml 7o SOCHERE D fRIHIC D W TlE, SHBOMETEESE L 72,

6% KT Y AT VI T OFNRICCRHRLL 72,
U AT (BEE LS pH 7, 63-210 um) 100 g % 120 °C T 15 BEfEEZIE%, >V A 7X VO ERIC
XL T 6%DZAEK (6mL)Z A, i [T 30 o LFAwL /2.

T v avBThERBUE L 722 ) AT, RO FEESHEICU T OFIACHRR L 72 37,
9, YU AT BHEALAEL pH 7, 63210 pm) 100 g % & = 7 /KA (0.25 mol/L , 250 mL)IZ &
X, OMMERTCERELE COBERE, #I7RXAT7AAE—%2ATA2BLEE, A0t
PiC7e 2 F CARNKTIEL, B5N7 V% 120°C DA —7 v C 3 Kz S &, 8L 72,
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‘r

silica gel

solvent, reflux

34 65
Table 13. Silica gel-promoted conversion of 31b.
entry silica gel? manufacturer solvent 2 3;/ield (%:;)4 o5 re((::ﬁ\;e;-:r;); S§°)

(- a9 i) Kanto Chamicel MeOH 21 21 28 0 0

2 e fBB RS wer ww om0
3 (pH7.64910um)  Puro Chemioal Goolne,  MeOH 5 2 24 0 0

4 (pH es,ileis%ig? (I) um) Ka”é’o?'?ﬁé*.‘ o MeOH 0 0 0 0 (1:21?5)
5 (pH 75,“23%23—3? (I) um) Ka”&?’?ﬁ? o - 0 0 0 0 (1.51631)
6 — — MeOH trace trace 4 0 ( :721.0)
7 (pH 7S,iii3%alg1e cl) um) Kanté’o??r?? ! toluene 0 0 0 0 (1:82976)
8 (pH 78,”23%61319 (I) um) Kang)o?rrﬁglical chlorobenzene trace 0 0 0 « :617.5)
9 (pH 7S,i|fi5?3ig$ (I) um) Kango?rllr?? o EtOAc 0 0 0 0 (1:868.1)
0 (pH 75,“23%23—316 0 um) Ka”é’o?'?ﬁg‘ o n-PrOH 1 9 6 0 (2.355:1)
11 O valerimpaonated - MeOH 8 18 10 a7 0
12 oH7 68550 um) KantoChemical  MeOWH0=11 6 o 46 0 0
13 oxalated silica gel — MeOH trace trace <2 0 37

(1:1.6)

254 g/mmol of silica gel was used. © A mixture of diastereomers (1:1).
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A NTITFYY
e FHTITSLY
LR - 55 Fa~6ATH oH 0 :

FR D 4.0 mmiEE
BEEY CA(INTITFVY

SFEROXIRHE RS RAT
H <
OH e AR B DRE

uroleuconaphin Ay (14): R =
uroleuconaphin B, (15): R =

R ')
Lo B S Biological activity
Sy s 7 z LY 14:1.2 g (0.6%) Antibacterial activity
b 049 15:0.76 g (0.4%) Cytotoxicity against HL-60 cells
g (HL-60: £ hHIE8EME A MFHERT)
N
A RATIEFID

Figure 37. Uroleuconaphins A; and B, the red aphid pigments.

BB LB =8 Tib7 X 5 1C, RS uroleuconaphin FH%Z RIC DR & L 72
{L2pZstfuc X v, #E@m3ETH % uroleuconaphin FH-CHk B (i35 viridaphin JHMS L1 5
X9 hkot, ReEEFICANDI Z LI 2 TENE, Ao /7 F7 %7 v %
KA T 5F 4 DOR~LWARETH AL D). kA XRATIXF YO e T F AT 7
7 LVHENIC BT 2 REEROEEREIEL, VL 15%285bETCT 77 LY OLKE
DR 1%% Hi® 20D, (KEDLTPM mg OR» L, WREZETT 2 ECHoRER
WERT 2I1C1E, REDT 77 Ly k8L T 5 (Figure37). IMA T, 777 Ly DRE
R RE S5 (5 H FA~6 H TAN=%, HHEY OMARIZEHERICITh 2 T hiE
bizw, 7z, ALENRAEYTH L 0T, FEFKOIY B2 EEICITOARFIERD
¥, ZOTRICES KRR ZETZ. 20XH5RIhs, REOFEDORRL S Ot
BICIHKAR L LTIBY 235 2. X ORI RatE 258 C, Mr ot~ L {Ly4i
T 570l BENEES»2E RV, 22T, KETEHFREER 14 OLARICET
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L7 RIc o n bR 3,

FEimThibR7235 ¥5/F7 b ¥ v BIELEWIL, A KRV X
T3, ZOEMMEDEAICITONTE Y, BET 2 HEEROAEBLE|RE ST
W33, —J7, ZRAOEKITHEERE L O AME LA E ORI &, B4 7R
FE D 272, HREESGH I Y 13220 WEETH Y, EHHIS D739, B 2E K
DIEKINLTwEHlE LT, ¥7/7F7 bF7 vELDR CC HEAEICXVEBEL
actinorhodin (2) 3% %°y-actinorhodin (66) 3*, #5551~ % /- L CEfh L 72 BE52440A (67) 39
DB 5 (Figure38). A CTHRZ BT htataz 14 b7/ F 7 b ¥/ vEILHAZ

PTG L, YeFu7 2 vRENLCERL 2GR BIETH Y, ARSI
E. 20720, GEREBALEIC S IER IS R LEmTd 5.

OH O OH
COCH O HO T ? 9
L, L "”)J\OMe
OH O o)
o

o)
O HO

OH O COOH

OMe

actinorhodin (2) y-actinorhodin (66) (+)-BE-52440A (67)

Figure 38. Synthetic dimeric pyranonaphthoquinones.
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FF ARG

Scheme 22 IC/REtaR 14 OAKEIHIZ ™S, FEELEHCORAE, S, Kid b XU
INCT VIR THRING 20, BEEOKIETHFW LAAINRIGIC X VLS 5
itz CCHATHIMEEalE, F7FA470IF3TroRETEITYI LY T
VLFOY T ) FT7 x4 T BALE B X OSEARGEIR R 1, 2-fHn RS £ Y
WEgECE L EL. T/, F7FA7HIF3TFo- A ANBEI AT L35 L)
¥ 36 D Staunton—Weinreb BRFZH S 4012 X b ZBRIELEY) 69 ~E 7218, BFELT
5L TCHKTE %5 EE 272 (Scheme23). — /7, ©¥7/F7 FF /7 v 41, ALK=
NI L T JEETEBRINL T XY F38FBXKU39 L T/ v 40 O HauserKraus BRIE K

ezt vEonzdyerux )/ v 70 68 2 L 23 EL 7.

- OBn OMe
)
OBn
OMOM

o— OMe
intramolecular O stereoselective 37 Br
oxy-Michael addition 1,2-addition

— a- oMoM  —— +

™SO, .OMOM

BnO - O OMOM
<ee oSS
o)

on of: BnO O

BnO O
41

uroleuconaphin A, (14) 68

Scheme 22. Synthetic strategy of uroleuconaphin A (14).

Staunton-Weinreb MeO O

MeO BnO MeO BnO (0]
annulation
(0] (0] OMe O
YOS = -
MOMO MOMO MOMO
Br
37

69 35 36

o QMOM OH © Hauser-Kraus
BnO . BnO annulation
Iy = !

BnO O ° BnO OH :

41 70 38: R = SO,Ph
39:R=CN

Scheme 23. Synthetic plan for monomeric units 37 and 41.
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H=f BEAROEBREG IR

1. R 41 DAL

T, HEARMN OFREMRET L. Codboofmr— ik, BECUWFREE QA
I X DHEZ TN T W% (Scheme 24) 42, PURfIE, 7 XU F A& v 38 LotsEibiEr /
V40 DFEERIIGICE Y Y e Fax ) v 70 21572, WEKILEZ/7F7FF7 v a1
~EWTWS, LaL, 720 FARd v 38 offfElic, HlROJFEE2 S 10 TRZEL
TWiz, PERIZH L 70w d 0D, ZDEOBET %179 LW RITEE 135 2 kv
o7z, 2ZT, 7RV FANFKY 38 DEHWN—F ZRES T LIC L7, Scheme 24 IZ
ALk 91, 35-Ye FuF o REEFE (T2 o9k 72 oFflic s TRREZEL T
Wiz, FlIC, o TRED M % ZFHICH S IcEF L 72

< Previous Study >
Tsunoda, Nishimura (2014)

0 @/ OH O O  OMOM

BnO o [ BnO 1) NaBH, BnO
MeLi (2 equiv) OO O  2caAN O‘ o
B0  SOPh THRO®C BnO OH ° % MoMcl no o
77% 90% (3 steps)
38 70 41
Preparation of 38
[e) 1) SOC|2, MeOH o) [e)
o 2) BnBr, K,CO3 o 80 1)CSA,MeOH 9
OH 3)NaOH ag. n NEt, 1) NBS n NEt, 2)PhSH n o
4) (COCl), 2) i-PrMgBr, n-BuLi cHo 3 MCPBA
o 5) Et,NH o then DMF Bro BnO  SO.Ph
. . . 89% (5 steps) " 87% (2 steps) . 61% (3 steps) "
3,5-dihydroxybenzoic acid 72 73 38
) 10 steps from 71
Preparation of 40

OH 1) CuSO,, H,80, }Lo 1) H,S0,, AcOH OAc 0

HO acetone o, Ac,0
OH  2) TsCl, Et;N 2) HBI/ACOH, Ac,0 | 1) LiOH-H,0 |

How O 3) NaBH, o™ o 3) Zn, 1-Me-Imidazole o 2) IBX 0

o ﬁ’o 4) TiCly, AMeg : H

83% (3 steps) 72% (4 steps) 72 (2 steps)
D-galactose 75 76 40
(74 9 steps from 74

Scheme 24. Previous study for the synthesis of 41.
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a) 7RY F ALKV I8BLXUWL T/ 721 ¥ 39 05 HELE

9, 3,5-Pe FrF L REEFH TND 207 =) —LEANEVEE T LHTR
vIOMEL, EEMNICRVYIAVIZATATIE L7z, ZOBDIKNLTRFIAFAT L
SSULFET, VIFATIVEEHIEZ LT, YIFAT IR T2 2K 93%
Tf37z (Scheme 25) 4, ZhIC kb, WEEZEKTIE2ZLAaL, 7TIFNRof#H%
3B EME S 5 2 LTI L 7=,

] 0] (0]

HO OH  BnBr,K,cO,  BnO oBn  AMes, Et,NH  BnO NEt,
DMF, 0 °C toluene, 100 °C
OH quant. OBn 93% OBn
3,5-dihydroxybenzoic acid 77 72

(1)

Scheme 25. Synthesis of N, N-diethylamide 72.

RIZ, YEZFALT IF 72 DAL MMI~OEE RV I AALERET L7 (Table 14). %
¥, TMEDA #7EF, —90 °C T BuLi ICX V7 I FOA L MiEi 7w b v U721,
DMF % F w7z &L I b B il A 72, VEIIC EO Z w7256, B8 O RIRIE MKW 72
WO LETE T, JREIDSEINE ND DA TH o7 (entry 1). AEE%E THF ICEHE L 7=
&2 A, HHD BN IR 73 Z 0K 46% T1S72 (entry2). T D & &, JFRID 43%]0]
INX N7, +-BuLi DB EZHEC L CRIRICKISZTT 27225, HIYIOIGEEIZK T L
7z (entry 3). KiCHN I ALH]Z DMF 225 4-F A I LEAFRY VICEHLZE Z 5,
INRIZ 59%1C 18] L 72 (entry 4) 4. A& IS, 8% 2- A F LV THF AR $ 5 Z & T,

TATE RT3 Z IR 1% TR S 2 LIS L7z (entry 5).
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(0]

(0]
t-BuLi (x equiv)
B"O\Q)L NEt, TMEDA (x equiv) B”O@E‘L NEt,
solvent, —90 °C;
then reagent CHO

OBn OBn
72 73

Table 14. Regioselective formylation of 72.

entry X equiv solvent? reagent? yield (%)
1 1.2 Et,0O DMF 0
2 1.2 THF DMF 46
3 1.8 THF DMF 4
4 1.2 THF 4-formylmorpholine 59
5 1.2 2-MeTHF 4-formylmorpholine 71

20.1 M solution. © 12 equiv of reagent.

BT, RVYEVYARLT 4 VEEF ) T LB, KL IMEER T3 2 HERE T £
U FRALFY 38 ~DiFE%AA7- (Table 15). ERD HiEESE I, FEE% VTR
JE%ATo 7228, JFERIAEIENEDATH 57 (entry 1) 9. X ViEWEEE LThH Y 7
7 —ANF VBRI, FEROEL T LT v, HIUY 38 1355 N7 h o 72 (entry
2). RITEVZ Vs, ST bz v AR VEERE I G L 25, IR 35% T
£V FRLFY 38HBELNT (entry3). X 5IC THF i, R EA X 8722840, MG
THET L o7, 22T, R ML VICEHELCA S L, HIYY 38 230K 65%
TE DL L7z (entries4and5). T DAEHRIL, entry4 238 —F THZ DI L T, entry5 2°
TERTHHZLICERT S LEZOND D, FEllaEEIIAHTH 5. &R, H
WAIBEETRIEICEFE 32 2 LT, PORIT 89%ICm L7z (entry6). 7nds, MEEEMSMT
TIE, MIGEREETLA» 7. 29LT, YIFATIF 122 000RE < 2 B
THEYIBICES T L ATER, FE, FANE72Y F 2Ry 38 DFHEICEL T
7210 BRSO TRt % 4 BRI TR L, ICR%ZM E3 425 2 LICIL 7.
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Q PhSO,Na o
BnO NEt, (3 equiv) BnO .
CHO conditions
BnO BnO SO,Ph

73 38
4 steps from 71

Table 15. Preparation of sulfonylphthalide 38.

entry reagent solvent temp. (°C) yield (%)
1 AcOH - 80 0
2 CSA? DMF 100 0
3 TsOH? toluene 60 35
4 1 M HCI THF 80 0
5 1 M HCI toluene 80 65
6 1 M H,SO, toluene 80 89

42 equiv of acid.

R, ¥T 772V F 39 ~DFEH MG L7 (Scheme26). 77k F 731/ LT
T VALA Y Y LAFET, TMS &7 = F2{EHE ¢, FHNTY T /7 e VU v 718 DAL
R, BREEZMNZ 2 2 & CEBRALKICHHEITL, 7/ 72 Y ¥ 39 2K 87% T
L5 ENTE,

i TMSCN (1.5 equi 9 0
oo NEt, _ KCN <2(5'm§|9’/l:;\/) BnO NEt, AcOH Bno o
CHO 18-crog|:-60 f1 OrtmOI%) oH | &
BnO e BnO CN 87% Bno CN
73 78 w0

4 steps from 71

Scheme 26. Preparation of cyanophthalide 39.

b) NeFiEME T ) v 40 o FELE
VORI e 7 v 40 o8I, ZiinHRERTH L D-IT7 7 b —R (1% H
W2 9OBBEDOTRRICE VAL T3, ZOEKTIE, B—HoKBEEEE D RE I B
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o T3 I ehb, S, HEFEHCD-7a -2 (1992 H\nw5 Z LT, TiEEZM
W35 &ic L7z (Scheme27). BEFID fiik%kS#EI1c, Tk, BEA, #Hhick
2 BHER S Z EXAT S, 770 1 — v 80 ZIUEK 85% CTfF72 40, ZodbolcxL <, M
LT 2y E PV RXFATAI =Y LfEH X425 2 & T, ClLALICZHAGERIyIC A 5
WEZRB AL 7ALEY 76 ~E 72 8, T, T FARDONIKGfRICHE K IBX

ftickvz/,va0 L L7,

OH OAc 0]

HO OAc
1) Ac,0, HCIO, AcO TiCly, AlMey LiOH-H,0, 50 °C;
HO™ o 2) HBr/AcOH o CH,Cl, | o] then IBX | o
6 H 3) Zn, NaH,PO, aq. X —78°C = 0°C I DMSO, H,0, 60 °C :
85% (3 steps) 94% 71%
D-fucose 80 76 40

(79) 5 steps from 79

Scheme 27. Preparation of the optically active enone 40.

BT, PR L-EW 7 2 ) F 385K 0039 LEiEET /7 v 40 & @ Hauser—Kraus
BRIER G & Bt L7z (Scheme28). 7 2 U F A L7k v 38 ICxf L C, LHMDS % {EH &
Hg, T/ V40 ERIGEEBT LT, YeFuXx ) v 70 BICKE 718% TE L.
—J7, ¥ 77 72D K39k LTix, ¥EIZ ~BuOLi Zfv3 2 &<, HIUY 70 %X
R I6%TIHFL L RTE, b, WTholad, Bohe Fur7rF/7 v 70
D C3IfLT A VITA LN o7, ALEY) 701X, H K=V EOAGERI 7003
TCICkEL, YerFaF ) vogtickvF 7 X/ v Ltk BoRMT AL E

MOM {3 % Z & CTHER 41 ~E 7z 99,
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O

o O

BnO 40
o — 78%
LHMDS
BnO  SO.Ph s OTCHfoo c OH O O OMOM
38 BnO ‘ 3 1) NaBH, BnO '
O O  2caN O‘ o)
: 3) MOMCI :
o BhO OH ° 05% (3 steps) BhO O °
steps
BnO w0 70 o= siep 41
0 96%
£BuOLi
BnO CN THF
—78°C— 0°C

39

Scheme 28. Synthesis of monomeric unit 41.

2. HEK 37 DAL

RIZh H—2D2=y b THLHENK 37 DEKEFT > 72 (Scheme 29). T, ik
DITEICHE>TT & FHEIE A TV 81)2D o- P VA MEZ X T )L 35 ~EH iz 0, X
ALEM3s L v 36 DT =4 VERIEWSOGIC X Y =R LAY 83 L L 72, DDQ
THKFEL, 777y 84 2875, &k, Traxe /v es vz 1B
fECOF7 TV 84 ~DFEE L DIMTHRET L 7223, WIThoBa b EMERIER
ALy, HMEOT 2 LorEbharo7z. T, {LtaYsdD 72/ —1 %
RYINEETIREL, DIBALEILT S LT, 727 F—n 86 ZINEK 53%TE~. 2D
b DI LT BEOEL FHEF, FPUAFATAI =T LEZEHIE 3 LT, VKE
RN AFAEZEBAL, (LEW69 ZH—DY T AT LAY —L LTEINETHS
EHRTE . 2D, NBS ZHW7=RBE M 21T, HINOALEICRRFFHEA X
N=F7FA7v K37 2NKI%TEE. ik, RERTOEANMEL, L&Y 3T
D C4HKFED B C5 AL FE~D HMBC HHBH & C4 iK% & C5 kK b & O C8 fiik R
& C9 AL A b F o EDKFEIC NOESY HEIBLHI X iz72%, C6 hiTHh % Lifbimo T
7= (Figure 39). [EFKIC NIS Z{EF&® 23 2T, KR 2 v HEK 8T bELN7.
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OH O MeO O

o o NaH, n-BulLi 1) i-ProNEt, MOMCI
P e OMe ome
OMe THF 2) NaH, Mel
0°C = reflux  HO . MOMO
Methyl acetoacetate 82 84% (3 steps) .
(81)
(0]
3.
MeO OH O MeO OH O

(rac-)-36

DD
906 Q
LDA, DMPU benzene, rt
MOMO MOMO

THF, -78 °C — 1t &

O, 0,
68% 83 98% 84
8.2:1d.r.
MeO BnO OH AlMe, MeO BnO
1) BnBr, K,CO. BF3-OEt:
) 2C0; o 3'OEty -
2) DIBAL CHxCl, .
MOMO -78°C =+ 0°C MOMO "/
53% (2 steps) 86 84% 69
2.8:1d.r. single diastereomer
MeO BnO e
NBS or NIS OO o) } o)
DMF, 0°C MOMO 3 ﬁ
R MeO
37: R=Br, 87% :
87:R=1,83% ‘ 85

Scheme 29. Synthesis of monomeric units 37 and 87

53.86 (s, 3H) -~

56.80 (s, TH) ---_ ™
HsCO BnO

408
MOMO g

\ ““H
Br ' __§1275 Br HL\/// . .--52.95-2.98 (m, 1H)
sy X~ $2.79-2.85 (m, 1H)
37 37 ---57.83(s, 1H)
13C-NMR (CDCl,, 150 MHz) "H-NMR (CDClg, 600 MHz)
Y\ HMBC correlations
¥\ NOESY correlations

Figure 39. Key HMBC and NOESY correlations of 37.
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BIUET F7Fa7a I Ko 1 2-fHNGDE!

HEAg 37 L4 BEKCTE 0T, #0725 12-MMRIGERRT L7, %
T, EFTAEBRELTCEY I/ F 7 X v ofRbYVICTVFIF ) VERGTRIG
EITHCLICLED, F7FAT R IF3TIEX LT -Buli #EH S 725, TV 7
¥/ v 88)ERIGE e A, K 59% THINDAHINA 89 2152 2 LIiCHKIIL 72

(Scheme 30).

MeO BnO 1) tBulLi (2.5 equiv)
THF

g, e
MOMO e 2) Q

Br

()-37 O‘O (3.0 equiv)

O
88

59% 89

Scheme 30. Model study of 1,2-addition using monomeric unit 37.

EEWF7FATE IR BTV E IR VLT I12-MITE DT, FivT
Y7/ F 7 bFJ VAl ~DMIKIGEBET L7 (Table 16). FEE 41 1< L CRELA %
AT B ET, ¥/ vDTo0hNKEI VL ZNE O EBEYNIGER T 2 LE D
Y, WErsrInk, £33, EERICT 2L, 7rEk37 5L 03y
R 87 1Tt LC THF H1, #BuLi Z{FH I €72, ¥7/F 7 bF /7 v 41 LG
7z, ZOFER, WINOLADHEKRITBL 8T DT v b Uik 69 LLEY 41 3
T N2 DAT, ZDOMITEMREEYZ527-. 37,87 D) FALITHETT 2D D
D, HKE 4 ORISR DAREFE DK Z W72, IRIE9 £LETL Do 72
EEZTC0D, IHIC, ZOoORIGEED DM EHVWTWS 2 e BRRIGEEMILL T
WBJRRTE & 2 B 41 IR 2 0E B L OGR4 B = v b 0B AR,

SEOMEE L7z,
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MeO BnO ) .
1) tBulLi (2.5 equiv)

OO 0 THF, temp., time
MOMO

oy)

TERE
%

L)
©NN
DIV
o

II—®@

Table 16. 1,2-Addition of monomeric units 37 and 87.

substrate

result (%)

entry (equiv) temp. (°C) time (h) 69 41

1 ?17) —78 = —40 19 48 59

2 ?27) —78 = —-40 24 62 63
87

3 @) —90 — —40 4 59 41
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o

FETIE, Fame LTS RTH 27 77 Lo RO IIFE O % b~ 72,
T7 LM EEE LR e b OBRWAEERL, GRIRECUIMNCAIRE
HIEE LTOEREL T30 TRV EEZTZ. ThERIAT 7201, TFIEXK
REFROEOFORBNEHGZ HIFL, AimclRolbAZ2 iy fA 7.

BoFETIE, WEMESG T ToKIGIC XY, Rt uroleuconaphin A SF LT 7
7 LT E TN B # L 5 uroleuconaphin A FEZ UK XL/ D 2 LickI L7z, 5
NEEOOEFICIMNE CTM 7 = ) — LB XAF AL, FFEAR30,31 1CEL Z LT,
Cl0a P REMEA DO DEER IO CHfEL I o 72, ZHIC X b, KR DM 7 AL E
ZPETE 2. 72, FHEMR 310 O X HRES ST IC X 0 ¥R O R 2 RS
ZHH S 22T L 7=,

BT, BEUESRH T TOIGIC & Y, FREER uroleuconaphin A b RFED T 7
7 LVICEEN Bk EEE vidaphin FHUEZ 52 2 LI L7z, 2L T, fHHTH
> T2 KR DA SARICE 2 P E L7z, 2hic X b, —EORAYIZFE Uarfke %
OHEEI O EINE L ZWLPIT L, $77, AZBRIETH LN —ED N
fLEV O EERARZTo72 L 25, FERAYTH20% 26 D C4 iz ~—7
MRSA ®HEE 7 F Y EREICN L <, BuiGtEz Rl 7.

FNE T, EEOER» OREER~DOFIGICO VTR 28T, ¥ 2511l
K31 2 HEELE D B 2 K 3234 ~O R G E RE L 7=, %2 2T, AMKIE
DEREE WO IS T 2720, BRI L 722 V) A7 A PEMIE 2 w2 ]G 2 BEf L7, %
DFER, ROMREFICITIE, ¥V A7 VIcEE N2 BBEBES LT 2 ATREED R &
ni-. %7, {LEY 33 O FRIBILETRICIC L Y HEER 32 B LU 34 KT 5 C
EBbho T,

FHETIR, OROFEERORE & 7 % IRt uroleuconaphin A (14) D A L
WO MHAE. 2 LT, &7 2V F 38,39 &EIHET 7 v 40 D Hauser-Kraus BfF

WG Z e T 2 HER 41 OFEREERICEI L. 20blk, —#HOT 77 Ly
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OROHEBERNE & [F UM 2 b b, % 14 Ao RO G PEE S LTH

HuJEETH 5.

<FT_E>
base TMSCHN,
silica gel
H :
OH O -
uroleuconaphin A; (14): R =H uroleuconaphin A, (18): R=H 30:R=H
uroleuconaphin By (15): R = OH uroleuconaphin B, (19): R = OH 31:R=0OH
— . silica gel
<HE=EF > acd 1 l < HHE > J reflu?(
o R
MeO '
989!
oH 0 °
32:R=H
33:R=0H
O OH OH
MeO l l s
viridaphin A, (26): R = H viridaphin A; (28): R =H 0
viridaphin B (27): R = OH viridaphin B4 (29): R = OH H
O OH
34
<FELE>
(0] (0] QMOM

(0]
BnO BnO :
o O —= "0
(0] (0]

BnO R z BhO O =

38: R = SO,Ph 40 41
39:R=CN H:
OH O -

uroleuconaphin A (14)

PLb, KTk, 777462 1&Ense7/F7 %7 v _ERtaFEoEELL

TEICER L, BEZEY) 24 2 2 & T, KRB X OIERRIERIE~ D2
farst L7z, chicky, 77903 8EBLUNE T2 F7 X v _BIKMLEYIC

BT 2L VWHIRZER LB TELLEZ TS,
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General

Infrared (IR) spectra were measured on a JASCO FT/IR-4200 spectrophotometer. Circular
dichroism (CD) spectra were recorded on a JASCO J-725 spectropolarimeter. Ultraviolet—Visible
(UV—Vis) spectra were measured on a JASCO V-650 spectrophotometer. Melting points (Mp)
were determined on a Biichi B-545 apparatus, and were uncorrected. Optical rotations ([o]p)
were measured with a JASCO P-2300 polarimeter. High-resolution mass spectra (HRMS) were
recorded on a JEOL JMS-700 (EI/CI), Waters SYNAP G2-Si HDMS (ESI), or a JEOL Spiral
TOF JMS-S3000 mass spectrometers (MALDI). '"H-NMR spectra were recorded on a Varian
Unity-600 (600 MHz), Varian Unity-400 (400 MHz), and Bruker AVANCE-III (500 MHz)
spectrometer; chemical shifts were referenced to tetramethylsilane as an internal standard or the
residual solvent signal (acetone-ds: O 2.05; CDCls: u 7.26; DMSO-ds: du 2.50; methanol-ds:
81 3.31). BC-NMR spectra were recorded with a Varian Unity-600 (150 MHz), Varian Unity-400
(100 MHz), and Bruker AVANCE-III (125 MHz) spectrometer; chemical shifts were referenced
to the residual solvent signal (acetone-ds: dc 29.8; CDCls: 8¢ 77.0; DMSO-ds: d¢ 39.5; methanol-
ds: dc 49.3). Single crystal X-ray diffraction data were measured on a Bruker Apex II CCD
diffractometer.

High-performance liquid chromatography (HPLC) was performed using a Cosmosil 5C18-
MS-II (5 mm, 4.6 x 250 mm, Nacalai Tesque Inc.) for column, a JASCO PU-980 pump and a
JASCO UV-2070 Plus UV detector (detection: 254 nm or 680 nm). For column chromatography,
Fuji silysia BW-127ZH silica (100-270 mesh, Fuji Silysia Chemical, Ltd.), silica gel 60 N
(Spherical, 63-210 um, Kanto Chemical Co., Inc.), C18 reversed-phase silica gel (Cosmosil
75C1s OPN, Nacalai Tesque Inc.), and Sephadex™ LH-20 (Amersham Biosciences, Ltd.) were
used. Preparative HPLC was performed with a Cosmosil 5C18-MS-II (5 mm, 20 x 250 mm,
Nacalai Tesque Inc.) for column, a JASCO PU-4180 pump and a JASCO MD-4010 photodiode

array detector (detection: 254 nm or 680 nm). For thin-layer chromatography (TLC) analysis,
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Merck precoated silica gel plates (60F2s4 or RP-18 WFas45) were used. Preparative TLC (PTLC)
was performed with Merck precoated silica gel plates (60F2s4).

All experiments dealing with air- and moisture-sensitive compounds were conducted under an
atmosphere of dry argon. THF, toluene, DMF, and CH>Cl, (dehydrated; Kanto Chemical Co.,
Inc.) were used as received. BF3-OEt; was distilled under reduced pressure before use. Each

amine used in Chapter 2 was distilled over calcium hydride before use.

Antibacterial activity assay

Bacillus subtilis NBRC13719, Staphylococcus aureus NBRC100910, Mycobacterium smegmatis
NBRCI13167, Escherichia coli NBRC102203, Pseudomonas aeruginosa NBRC106052 and
Klebsiella pneumoniae NBRC3512 were purchased from National institute of Technology and
Evaluation, Biological Resource Center (Chiba, Japan). Methicillin-resistant Staphylococcus
aureus subsp. aureus derived from ATCC 33592 (MRSA) was purchased from Microbiologics
(Minnesota, USA). Each strain was maintained in YP medium plate (0.5% peptone (Becton,
Dickinson and Co., NJ, USA), 0.3% yeast extract (Becton, Dickinson and Co.), 0.1%
MgSO4-7H>0 (Nacalai Tesque Inc., Kyoto, Japan) and 2% agar (Nacalai Tesque Inc.) at 37 °C
(B. subtilis, S. aureus and E. coli) or 30 °C (M. smegmatis, P. aeruginosa and K. pneumonia).
Each strain was inoculated to YP medium and incubated for 12 h and adjusted the bacterial
density of a 0.5 to 1 MacFarland standard. Adjusted microbial culture was further diluted 500
times and added to 96-well plate (100 pL/well). Stock solutions of samples were prepared at 10
mg/mL in DMSO and were added to dilute into each concentration in 96-well plates which
contains microbial culture. After 24 h incubation, activity of compounds was determined by the
turbidity of medium. For the culture and test of MRSA strain, Cation-Adjusted Mueller Hinton
Broth (Becton, Dickinson and Co.) was applied instead of YP medium. All tests were carried out
in triplicate. As positive controls, ampicillin (Nacalai Tesque Inc.) and oxacillin (Tokyo Chemical

Industry Co. Ltd., Tokyo, Japan) were applied.
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TMSCHN,
(20 equiv)

toluene/MeOH = 1/1
rt, 1 h
96%

2.3:1dr. at C10a 2.1:1dr. atC10a
uroleuconaphin B, (19) 31

To a solution of yellow pigment 19 (20.1 mg, 34.6 umol) in toluene/MeOH (1.8 mL/1.8 mL)
was added trimethylsilyldiazomethane (0.6 M in n-hexane, 1.2 mL, 0.72 mmol) at room
temperature. After stirring for 1 h, the reaction was quenched by adding AcOH aqueous at room
temperature. The products were extracted with EtOAc (%3), and the combined organic extracts
were dried over NaxSO4. Concentration and purification by silica gel column chromatography (n-
hexane/acetone = 3/1) afforded dimethyl ethers 31a and 31b (20.1 mg, 96%) as a pale yellow
powder. These diastereomers were separated by preparative reversed-phase HPLC

(MeCN/H2O/TFA = 75/25/0.1, flow rate 8.0 mL/min).

7-0, 7’-0O-Dimethyl uroleuconaphin B, (31a)

31a: A pale yellow powder; [a]p?® +32.8 (¢ 0.110, CHCI3); IR (ATR) 3528, 2977, 2936, 1617,
1604, 1442, 1365, 1262, 1200, 1160, 959, 894, 788, 756, 554, 464, 437, 418 cm™!; 'H-NMR
(CDCls, 500 MHz) 6 1.30 (d, 6H, J= 6.1 Hz, H-12, 12°), 1.62 (d, 3H, J= 6.1 Hz, H-11), 1.63 (d,
3H, J= 6.7 Hz, H-11°), 2.98 (d, 1H, J = 10.5 Hz, H-10a), 3.71-3.75 (m, 1H, H-3), 3.75 (s, 3H,
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H-13), 3.87 (qd, 1H, J = 6.1 Hz, 7.5 Hz, H-3"), 4.02 (s, 3H, OH-13"), 4.22 (d, 1H, J = 10.0 Hz,
H-4),4.27 (d, 1H, J=7.5 Hz, H-4"), 4.35 (qd, 1H, J = 6.1 Hz, 10.5 Hz, H-1), 4.65 (q, 1H, J= 6.7
Hz, H-1°), 4.82 (s, 1H, OH-5), 5.95 (d, 1H, J = 2.4 Hz, H-6), 6.38 (d, 1H, J = 2.4 Hz, H-8), 6.64
(s, 1H, H-8), 12.26 (s, 1H, OH-9%), 13.22 (s, IH, OH-9); 3C-NMR (CDClL;, 125 MHz) § 18.3
(C-12 or 12), 18.6 (C-12 or 12°), 19.2 (C-11"), 22.6 (C-11), 53.5 (C-10a), 55.6 (C-13), 56.5 (C-
13%), 66.1 (C-3), 67.3 (C-1°), 67.6 (C-4), 68.4 (C-3"), 71.0 (C-1), 74.0 (C-4a), 77.2 (C-4), 84.9
(C-5), 98.6 (C-5"), 100.1 (C-8), 100.8 (C-8°), 106.7 (C-9a), 108.1 (C-9a), 108.6 (C-6), 114.0 (C-
6%), 136.7 (C-5a or 5°a), 141.9 (C-4’a), 142.2 (C-10’a), 145.8 (C-5a or 5°a), 164.1 (C-7°), 164.7
(C-9%), 166.2 (C-7), 167.2 (C-9), 186.5 (C-10°), 197.5 (C-10); HRMS (MALDI) calcd for

C32H32012Na [M+Na]" m/z 631.1786; found m/z 631.1782; Mp 185 °C (dec).

7-0, 7’-O-Dimethyl uroleuconaphin B2, (31b)

31b: A pale yellow powder; [a]p? +34.9 (¢ 0.111, CHCL); IR (ATR) 3477, 2977, 2936, 1617,
1606, 1444, 1363, 1282, 1201, 1151, 963, 787, 756, 504, 444, 426, 412 cm™'; 'TH-NMR (CDCl3,
500 MHz) & 1.33 (d, 3H, J = 6.5 Hz, H-12"), 1.46 (d, 3H, J= 7.5 Hz, H-12), 1.55 (d, 3H, /= 6.5
Hz, H-11), 1.62 (d, 3H, J= 7.0 Hz, H-11°), 3.75 (s, 3H, H-13), 3.90 (qd, 1H, J= 6.5 Hz, 6.0 Hz,
H-3), 4.02 (s, 3H, H-13"), 4.06 (d, 1H, J = 8.0 Hz, H-10a), 4.17-4.25 (m, 2H, H-3, 4°), 4.46 (s,
IH, H-4), 4.59 (d, 1H, J = 1.9 Hz, OH-4"), 4.64 (g, 1H, J = 7.0 Hz, H-1"), 4.74 (qd, 1H, J = 6.5
Hz, 8.0 Hz, H-1), 4.87 (s, 1H, OH-5), 5.93 (d, 1H, J = 2.5 Hz, H-6), 6.37 (d, 1H, J = 2.5 Hz, H-
8), 6.60 (s, 1H, H-8"), 12.25 (s, 1H, OH-9"), 12.99 (s, 1H, OH-9); 3C-NMR (CDCls, 125 MHz)
5 15.9 (C-12), 18.9 (C-11°), 19.0 (C-11, 12°), 55.6 (C-10a), 56.5 (C-13), 65.1 (C-13"), 67.4 (C-
1), 67.5 (C-4%), 72.5 (C-1°, 3°), 72.8 (C-3), 76.0 (C-5), 86.5 (C-4), 98.8 (C-4a), 100.0 (C-5"),
100.2 (C-8), 106.3 (C-8°), 109.0 (C-9a, 9°a), 109.1 (C-6), 112.2 (C-6"), 138.6 (C-5°a), 141.0 (C-
10°a), 143.9 (C-4’a), 146.0 (C-5a), 164.0 (C-7°), 164.4 (C-9°), 166.1 (C-7), 166.6 (C-9), 186.9
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(C-10), 197.4 (C-10); HRMS (MALDI) calcd for C3,H3,01,Na [M+Na]* m/z 631.1786; found

m/z 631.1802; Mp 188 °C (dec).

Single crystal X-ray diffraction data of compound 31b

Identification code
Moiety formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
7

Density (calculated)

Absorption coefficient

F (000)

Crystal size

Theta range for data collection

Index ranges

CCDC 2171364

2 (C52H32012), C4HsO2

3057.83

100 K

0.71073 A

monoclinic

P2,

a=11.4954 (7) A a=90°
b=20.8647 (13) A p=110.359 (1)°
c=13.5984 (9) A y=90°

3057.8 (3) A3

2

1.331 g/cm?

0.099 mm™!

1296.0

0.030 x 0.100 x 0.200 mm*

1.597 to 29.243°

—15<=h<=12, -26<=k<=27, —15<=I<=18
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Reflections collected 18984

Independent reflections 11076 [R(int) = 0.0388]
Absorption correction none

Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 12642/ 1/ 864
Goodness-of-fit on F? 1.025

Final R indices [[>2c (I)] R1=0.0388, wR2=0.0915

R indices (all data) R1=10.0475, wR> = 0.0961
Absolute structure parameter 0.3 (3)

Conditions for methylation of uroleuconaphin B> (19)

TMSCHN,
(equiv)

toluene/MeOH = 1/1 HO

rt, time

uroleuconaphin B, (19) 42 31

Table 17. Conditions for methylation of uroleuconaphin B2 (19)

. . yield (%)
t
entry equiv time (h) 22 31 43 22
1 15 1 90 trace 0 0
2 30 1 0 94 0 0
3 60 5 0 0 19 39
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2.0:1 d.r. at C10a

42: A yellow powder; IR (ATR) 3522, 2981, 2936, 1620, 1445, 1370, 1265, 1167, 841, 431, 421
cm!; 'TH-NMR (CDCls, 500 MHz) 8 1.30 (d, 6H, J = 6.1 Hz, H-12, 12°), *1.33 (d, 3H, J = 6.1
Hz, H-12°), *1.45 (d, 3H, J = 7.5 Hz, H-12), *1.55 (d, 3H, J = 6.6 Hz, H-11), 1.61 (d, 3H, J= 6.1
Hz, H-11), 1.63 (d, 3H, J = 6.0 Hz, H-117), 2.80 (d, 1H, J = 4.3 Hz, OH-4"), 2.98 (d, 1H, J = 10.4
Hz, H-10a), 3.73 (qd, 1H, J = 6.1 Hz, 10.0 Hz, H-3), 3.85-3.93 (m, 1H, H-3"), 4.02 (s, 3H, H-
13%), ¥4.03 (s, 3H, H-13"), *4.06 (d, 1H, J = 8.0 Hz, H-10a), 4.17-4.30 (m, 2H, H-4, 4°), 4.34
(qd, 1H, J= 6.1 Hz, 10.4 Hz, H-1), *4.45 (s, 1H, H-4), 4.61-4.67 (m, 1H, H-17), *4.74 (qd, 1H,
J=6.6 Hz, 8.0 Hz, H-1"), 4.86 (s, 1H, OH-5), *4.89 (s 1H, OH-5), *5.87 (d, 1H, J= 2.1 Hz, H-
6), 5.90 (d, 1H, J = 2.2 Hz, H-6), ¥6.30 (d, 1H, J = 2.1 Hz, H-8), 6.31 (d, 1H, J = 2.2 Hz, H-8),
*6.60 (s, 1H, H-8”), 6.63 (s, 1H, H-8"), *12.23 (s, 1H, OH-9’), 12.25 (s, IH, OH-9’), *12.87 (s,
1H, OH-9), 13.08 (s, 1H, OH-9); *C-NMR (CDCls, 125 MHz) & *15.9 (C-12), 18.3 (C-12 or
12%), 18.5 (C-12 or 127), *18.8 (C-11), ¥18.9 (C-127), ¥19.0 (C-11), 19.2 (C-11°), 22.6 (C-11),
*40.8 (C-10a), 53.4 (C-10a), 56.6 (C-137), *65.1 (C-1), 66.1 (C-3), *66.7 (C-1’ or 3°), 67.3 (C-
1°), ¥67.4 (C-1’ or 3”), ¥67.5 (C-4’), 67.6 (C-4’), 68.4 (C-3), 71.1 (C-1), *72.5 (C-3), *72.8 (C-
5), 73.9 (C-5), *76.0 (C-4), 77.0 (C-4), 84.9 (C-4a), *86.5 (C-4a), 98.6 (C-5), *98.8 (C-5),
*100.2 (C-8), 100.8 (C-8’), ¥*103.3 (C-8), 103.4 (C-8), *106.3 (C-9’a), 106.7 (C-9’a), 107.8 (C-
6), 108.6 (C-5a), ¥*109.4 (C-6), *112.1 (C-6’), 113.8 (C-6’), 136.7 (C-5’a), *138.6 (C-5a), *141.0
(C-102), 141.8 (C-4’a), 142.1 (C-10a), *143.7 (C-9a), 146.9 (C-9a), *147.1 (C5’a), *162.7 (C-
7), 162.8 (C-9), 164.0 (C-7"), ¥*164.4 (C-9°), 164.6 (C-9’), ¥*166.1 (C-9), 166.6 (C-7), 186.5 (C-
10%), *186.8 (C-10’), *197.4 (C-10), 197.5 (C-10); HRMS (MALDI) calcd for C31H30012Na
[M+Na]* m/z 617.1629; found m/z 617.1633.

The signals marked with an asterisk (*) were assigned to the minor diastereomer.
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2.4:1d.r. at C10a

43: A yellow powder; IR (ATR) 3511, 2974, 2936, 1620, 1596, 1462, 1333, 1266, 1205, 1162,
1045, 835, 473, 446, 432, 419 cm™!; 'H-NMR (CDCls, 500 MHz) & 1.29 (d, 6H, J = 6.1 Hz, H-
12,12°), *1.32 (d, 3H, J = 6.5 Hz, H-12"), *1.45 (d, 3H, J= 7.5 Hz, H-12), 1.63 (d, 3H, J= 6.1
Hz, H-11), 1.65 (d, 3H, J = 6.5 Hz, H-11"), 3.00 (d, 1H, J = 10.4 Hz, H-10a), 3.72-3.74 (m, 1H,
H-3), *3.75 (s, 3H, H-13), 3.76 (s, 3H, H-13), 3.83-3.91 (m, 2H, H-3’, OH-4’), *3.97—4.00 (m,
1H, H-3"), *4.04 (s, 3H, H-13"), 4.05 (s, 3H, H-13"), 4.06 (s, 3H, H-14"), *4.07 (s, 3H, H-14"),
4.17 (d, 1H, J=9.9 Hz, H-4), 4.20-4.28 (m, 1H, H-4"), 4.36 (qd, 1H, J= 6.1 Hz, 10.4 Hz, H-1),
*4.42 (s, 1H, H-4), 4.59-4.63 (m, 1H, H-1"), *4.75 (qd, 1H, J = 6.5 Hz, 8.2 Hz, H-1"), 4.95 (s,
1H, OH-5), *5.01 (s 1H, OH-5), *5.89 (d, 1H, J = 2.4 Hz, H-6), 5.93 (d, 1H, J = 2.4 Hz, H-06),
*6.37 (d, 1H, J=2.4 Hz, H-8), 6.39 (d, 1H, J=2.4 Hz, H-8), *6.64 (s, 1H, H-8"), 6.67 (s, 1H, H-
8"), *13.02 (s, 1H, OH-9), 13.24 (s, 1H, OH-9); *C-NMR (CDCl3, 125 MHz) & *16.0 (C-12),
18.5(C-12 0r 127), 18.6 (C-12 or 12), *18.8 (C-11 or 11°), *19.1 (C-12’), 19.4 (C-11"), 22.6 (C-
11), *40.8 (C-10a), 53.3 (C-10a), 55.6 (C-13), 56.3 (C-13’ or 14°), 56.4 (C-13" or 14°), *65.1 (C-
1’), 66.1 (C-3), *66.6 (C-4’), *67.4 (C-3"), 67.5 (C-4’), 68.1 (C-1"), *68.2 (C-1), 68.3 (C-3"),
71.0 (C-1), ¥72.6 (C-3), *¥72.9 (C-5), 74.0 (C-5), *76.2 (C-4), 77.3 (C-4), 84.2 (C-4a), *85.7 (C-
4a), *95.8 (C-8’), 96.4 (C-8’), 99.1 (C-5’), ¥99.4 (C-57), ¥99.8 (C-8), 100.0 (C-8), 108.1(C-9’a),
108.7 (C-6), ¥*109.0 (C-9a or 9’a), *¥109.2 (C-6), *110.9 (C-9a or 9’a), 111.4 (C-6"), *112.2 (C-
6’), 113.8 (C-9a), 138.6 (C-10"a), 138.8 (C-5a), *¥139.6 (C-5’a), *140.8 (C-10’a), *142.6 (C-4’a),
143.4 (C-4’a), 145.8 (C-5a), *146.0 (C-5a), 162.6 (C-7°), 162.7 (C-9’), ¥*166.0 (C-7), 166.1 (C-
7), *¥166.6 (C-9), 167.2 (C-9), 181.1 (C-10’), *181.4 (C-10’), *197.5 (C-10), 197.7 (C-10);
HRMS (MALDI) calcd for C33H34012Na [M+Na]" m/z 645.1942; found m/z 645.1937.

The signals marked with an asterisk (*) were assigned to the minor diastereomer.
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6.4:1 d.r. at C10a

44: A yellow powder; IR (ATR) 3514, 2980, 2936, 1733, 1651, 1597, 1569, 1457, 1373, 1329,
1266, 1202, 1162, 1068, 1046, 831, 698, 634, 580, 537, 498, 484, 468, 451, 423, 410 cm™!; 'H-
NMR (CDCls, 500 MHz) 6 1.28 (d, 3H, J= 6.1 Hz, H-12’), 1.30 (d, 3H, J= 6.1 Hz, H-12), *1.34
(d,3H,J=6.7 Hz, H-12 or 12°), 1.62 (d, 3H, J= 6.2 Hz, H-11), 1.65 (d, 3H, J= 6.7 Hz, H-11"),
2.76-2.80 (m, 1H, H-10a), 3.66-3.70 (m, 1H, H-3), 3.71 (s, 3H, H-13), *3.75 (s, 1H, H-13), 3.84—
3.89 (m, 1H, H-3"), 3.92 (s, 3H, H-13"), *3.94 (m, 1H, H-3 or 3”), *3.95 (s, 3H, H-14), *3.99—
4.00 (m, 1H, H-3 or 3”), 4.01 (s, 3H, H-14), 4.05 (s, 3H, H-14"), *4.09—4.13 (m, 1H, H-10a), 4.15
(d, 1H, J=8.6 Hz, H-4), 4.26 (ddd, 1H, J= 7.8 Hz, 3.4 Hz, 1.0 Hz, H-4"), 4.35 (qd, 1H, J=6.2
Hz, 8.3 Hz, H-1), 4.63 (brd, 1H, J=6.7 Hz, H-1"), 4.78 (s, 1H, OH-5), *5.68 (d, 1H, J=2.1 Hz,
H-6), 5.77 (d, 1H, J = 2.1 Hz, H-6), *6.42 (d, 1H, J = 2.1 Hz, H-8), 6.46 (d, 1H, J = 2.1 Hz, H-
8), *6.63 (s, 1H, H-8"), 6.65 (s, 1H, H-8"); *C-NMR (CDCl3, 125 MHz) § *16.4 (C-12), 18.4 (C-
12°), 18.6 (C-12), 19.3 (C-11"), 23.9 (C-11), *24.1 (C-11), 54.9 (C-10a), 55.2 (C-13), *55.9 (C-
13), 56.2 (C-14’), 56.3 (C-13’ or 14’), 56.4 (C-13" or 14’), ¥*66.2 (C-4"), 67.1 (C-3), 67.6 (C-4"),
68.0 (C-3’), 68.2 (C-17), *69.4 (C-1), 69.9 (C-1), *70.9 (C-1" or 3°), *72.9 (C-3), 74.4 (C-5),
*74.8 (C-5), 77.0 (C-4), 84.4 (C-4a), *84.8 (C-4a), *95.4 (C-8’), 95.9 (C-8’), *97.2 (C-8), 97.5
(C-8), 98.7 (C-57), *¥102.3 (C-57), 105.9 (C-6), *¥106.3 (C-6), 111.2 (C-9’a), 113.7 (C-6"), 114.3
(C-9a), 138.4 (C-10’a), 139.1 (C-5’a), 143.1 (C-4’a), 147.2 (C-5a), *159.6 (C-7’), 161.0 (C-7’),
*161.2 (C-97), 162.6 (C-9°), 162.7 (C-9), 163.5 (C-7), 181.2 (C-10"), 192.6 (C-10), *192.9 (C-
10); HRMS (MALDI) caled for C3sH36O12Na [M+Na]" m/z 659.2099; found m/z 659.2101.

The signals marked with an asterisk (*) were assigned to the minor diastereomer.
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Dimethylation of uroleuconaphin A» (18)

TMSCHN,
(20 equiv)

toluene/MeOH = 1/1
rt, 1h
98%

4.1:1d.r. at C10a 4.3:1d.r. at C10a
uroleuconaphin A, (18) 30

To a solution of yellow pigment 18 (19.6 mg, 34.8 umol) in toluene/MeOH (1.8 mL/1.8 mL) was
added trimethylsilyldiazomethane (0.6 M in n-hexane, 1.2 mL, 0.72 mmol) at room temperature.
After stirring for 1 h, the reaction was quenched by adding AcOH aqueous at room temperature. The
products were extracted with EtOAc (%3), and the combined organic extracts were dried over Na;SOs.
Concentration and purification by silica gel column chromatography (n-hexane/acetone = 3/1)
afforded dimethyl ethers 30a and 30b (20.3 mg, 98%) as a pale yellow powder. These diastereomers
were separated by preparative reversed-phase HPLC (MeOH/H>O/TFA = 80/20/0.1, flow rate 8.0

mL/min).

7-0, 7’-0-Dimethyl uroleuconaphin Az, (30a)

30a: A pale yellow powder; [a]p? +36.8 (c 0.105, CHCL); IR (ATR) 3522, 2977, 2930, 1604, 1443,
1370, 1260, 1201, 1146, 1107, 922, 958, 837, 756, 709, 554, 433, 408 cm™'; 'H-NMR (CDCls, 500
MHz) 5 1.28 (d, 3H, J = 6.1 Hz, H-12"), 1.30 (d, 3H, J= 6.0 Hz, H-12), 1.56 (d, 3H, J = 6.7 Hz, H-
11°), 1.63 (d, 3H, J= 6.1 Hz, H-11), 2.18 (ddd, 1H, J=19.2 Hz, 10.1 Hz, 1.8 Hz, H-4"),2.31 (dd, 1H,
J=19.2 Hz, 3.5 Hz, H-4"), 2.93 (d, 1H, J = 10.5 Hz, H-10a), 3.71 (qd, 1H, J= 6.0 Hz, 9.9 Hz, H-3),
3.74 (s, 3H, H-13), 3.95-4.00 (m, 1H, H-3"), 4.00 (s, 3H, H-13"), 4.19 (d, 1H, J = 9.9 Hz, H-4), 4.37
(qd, 1H, J=6.1 Hz, 10.5 Hz, H-1), 4.75 (brq, 1H, J= 6.7 Hz, H-1), 4.83 (s, 1H, OH-5), 5.95 (d, 1H,
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J =24 Hz, H-6), 6.36 (d, 1H, J=2.4 Hz, H-8), 6.61 (s, 1H, H-8"), 12.42 (s, 1H, OH-9"), 13.24 (s,
1H, OH-9); 3C-NMR (CDCL, 125 MHz) § 18.6 (C-12), 19.7 (C-11°),21.6 (C-12°),22.7 (C-11),29.9
(C-4%), 53.5 (C-10a), 55.6 (C-13), 56.4 (C-13"), 62.0 (C-3"), 66.1 (C-3), 67.7 (C-1°), 70.9 (C-1), 74.3
(C-5), 77.1 (C-4), 84.5 (C-4a), 97.5 (C-5°), 100.1 (C-8), 100.5 (C-8"), 106.9 (C-9°a), 108.2 (C-9a),
108.6 (C-6), 113.8 (C-6), 137.6 (C-5a or 5°a), 139.0 (C-4’a), 145.4 (C-10’a), 146.2 (C-5a or 5’a),
163.7 (C-7°), 164.6 (C-9°), 166.2 (C-7), 167.1 (C-9), 186.2 (C-10"), 197.9 (C-10); HRMS (MALDI)

calcd for C32H32011Na[M+Na]" m/z 615.1837; found m/z 615.1833; Mp 188 °C (dec).

7-0, 7’-0O-Dimethyl uroleuconaphin Az, (30b)

30b: A pale yellow powder; [a]p?* +32.3 (¢ 0.120, CHCI3); IR (ATR) 3523, 2975, 2933, 1666, 1605,
1442, 1367, 1280, 1258, 1202, 1139, 1107, 1055, 991, 957, 931, 909, 875, 837, 814, 736, 703, 656,
628, 563, 527,451, 433,412 cm™!; 'TH-NMR (CDCl3, 500 MHz) & 1.28 (d, 3H, J= 6.1 Hz, H-12"),
1.36 (d, 3H,J=6.5 Hz, H-12), 1.54 (d, 3H, /= 6.7 Hz, H-11"), 1.59 (d, 3H, /= 6.7 Hz, H-11), 2.24
(ddd, 1H, J=19.0 Hz, 10.1 Hz, 1.6 Hz, H-4"), 2.44 (dd, 1H, J = 19.0 Hz, 3.5 Hz, H-4"), 3.73 (s,
3H, H-13), 3.92 (qd, 1H, J = 6.5 Hz, 6.0 Hz, H-3), 3.96-4.03 (m, 1H, H-3"), 4.05 (s, 3H, H-13"),
427 (d, 1H, J= 6.0 Hz, H-4), 4.28 (d, 1H, J = 6.0 Hz, H-10a), 4.71-4.76 (m, 2H, H-1, 1), 5.07 (s,
1H, OH-5), 6.05 (d, 1H, J= 2.3 Hz, H-6), 6.33 (d, 1H, J= 2.3 Hz, H-8), 6.59 (s, 1H, H-8"), 12.40
(s, 1H, OH-9), 12.98 (s, 1H, OH-9); 3C-NMR (CDCl3, 125 MHz) 5 15.8 (C-11), 19.5 (C-12), 19.6
(C-117),21.6 (C-127),30.4 (C-4"), 44.4 (C-10a), 55.5 (C-13), 56.5 (C-137), 62.0 (C-3°), 66.2 (C-1),
67.6 C-1"), 68.7 (C-3), 73.8 (C-5), 74.8 (C-4), 87.9 (C-4a), 99.0 (C-57), 99.9 (C-8), 100.1 (C-8’),
106.2 (C-9’a), 108.7 (C-6), 108.9 (C-9a), 113.1 (C-6), 138.5 (C-4’a), 139.0 (C-10’a), 145.5 (C-5a
or 5’a), 146.4 (C-5a or 5’a), 163.5 (C-7), 164.3 (C-9°), 165.9 (C-7), 166.0 (C-9), 186.0 (C-10"),
197.5 (C-10); HRMS (MALDI) caled for Cs;H3,O11Na [M+Na]" m/z 615.1837; found m/z
615.1848; Mp 180 °C (dec).
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B HEIEMESSF C D uroleuconaphin Ay B X U B DL

Conversion of uroleuconaphin B; (15) to uroleuconaphin B (19)

n-PrNH,
(15 equiv)

THF rt, 1 h

H:
OH O - 2.3:1 d.r. at C10a
uroleuconaphin B4 (15) 19

To a solution of red pigment 15 (212 mg, 365 pumol) in THF (36 mL) was added »n-PrNH, (0.46
mL, 5.6 mmol) at room temperature. After stirring for 1 h, the reaction was quenched by adding
1 M aqueous HCI at room temperature. The products were extracted with EtOAc (x3), and the
combined organic extracts were washed with water, dried over Na;SOs. Concentration and
purification by silica gel column chromatography (CHCl:3/MeOH = 15/1) afforded yellow
pigment 19 (189 mg, 89%) as a yellow powder.

Note: Yellow pigment 19 gradually converted to red pigment 15 by extraction and purification process.

Uroleuconaphin B; (19)

19: IR (ATR) 3361, 2981, 2942, 1706, 1623, 1606, 1455, 1369, 1262, 1171, 1099, 1079, 1033,
998, 981, 966, 889, 790, 758, 719, 656, 534, 463, 454, 443, 419 cm!; 'H-NMR (acetone-ds, 500
MHz) § 1.19 (d, 3H, J= 6.0 Hz, H-12), 1.21 (d, 3H, J = 6.2 Hz, H-12°), *1.24 (d, 3H, J=6.1 Hz,
H-12%), *1.45 (d, 3H, J= 7.3 Hz, H-12), 1.54 (d, 3H, J = 6.0 Hz, H-11), 1.55 (d, 3H, J = 6.6 Hz,
H-11°), 3.32 (d, 1H, J= 10.6 Hz, H-10a), 3.78-3.84 (m, 1H, H-3"), 3.90 (qd, 1H, J = 6.0 Hz, 10.0
Hz, H-3), 4.11 (brd, 1H, J = 8.6 Hz, OH-4"), 4.14-4.19 (m, 1H, H-4"), 4.19 (d, 1H, J= 10.0 Hz,
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H-4),4.34 (qd, 1H, J=6.0 Hz, 10.6 Hz, H-1), *4.40 (brs, 1H, H-4), *4.47 (brs, 1H, OH-4"), 4.57
(brq, 1H, J = 6.6 Hz, H-17), *4.70 (qd, 1H, J = 6.6 Hz, 7.4 Hz, H-1), *6.30 (d, 1H, J = 2.0 Hz, H-
8), 6.31 (d, 1H, J = 2.0 Hz, H-8), 6.35 (d, 1H, J = 2.0 Hz, H-6), *6.38 (brs, 1H, H-6), ¥6.49 (s,
1H, H-8), 6.51 (s, 1H, H-8"), ¥12.06 (s, 1H, OH-9"), 12.08 (s, 1H, OH-9"), *12.87 (s, 1H, OH-
9), 13.15 (s, 1H, OH-9); 3C-NMR (acetone-ds, 125 MHz) & ¥16.6 (C-12), 18.8 (C-12°), 18.9 (C-
12), ¥19.1 (C-11), *¥19.2 (C-117), 19.4 (C-11), 23.0 (C-11), *42.3 (C-10a), 53.8 (C-10a), 66.8
(C-3), ¥67.5 (C-4"), *67.6 (C-17), 67.7 (C-17), 68.0 (C-4"), 68.7 (C-37), 71.1 (C-1), *72.4 (C-3),
*74.3 (C-5), 75.0 (C-5), ¥76.3 (C-4), 77.8 (C-4), 85.9 (C-4a), *87.9 (C-4a), 99.2 (C-5), ¥99.8
(C-5%), 103.4 (C-8), ¥104.4 (C-8°), 104.5 (C-8°), 108.9 (C-9’a), 109.4 (C-9a), ¥109.5 (C-9a),
109.7 (C-6), ¥112.7 (C-6"), 113.8 (C-6"), 139.8 (C-5a or 5°a), *141.8 (C-4’a), 142.0 (C-10’a),
145.2 (C-4a), 147.9 (C-5a or 5°a), 164.8 (C-77), 164.9 (C-9°), ¥165.9 (C-9°), 166.1 (C-7), ¥166.9
(C-7), ¥167.2 (C-9), 167.6 (C-9), 187.7 (C-10°), ¥198.3 (C-10), 199.3 (C-10); HRMS (MALDI)
calcd for C3oH27012 [M—H]" m/z 579.1497; found m/z 579.1511.

*The signals marked with an asterisk (*) were assigned to the minor diastereomer.

Conversion of uroleuconaphin B; (15) to 7-O, 7°-O-dimethyl uroleuconaphin B, (31)

1) n-PrNH, (15 equiv)
THF, rt, 1 h

2) TMSCHN,

H: :
OH O - 2.5:1d.r.at C10a
uroleuconaphin B4 (15) 31

To a solution of red pigment 15 (20.3 mg, 35.0 umol) in THF (3.5 mL) was added n-PrNH>
(43.0 puL, 525 pumol) at room temperature. After stirring for 1 h, the reaction was quenched by
adding 1 M aqueous HCI at room temperature. The products were extracted with EtOAc (x3),
and the combined organic extracts were washed with water, dried over Na>SQOj4, and concentrated
in vacuo. To a solution of crude material in toluene/MeOH (0.9 mL/0.9 mL) was added

trimethylsilyldiazomethane (0.6 M in n-hexane, 0.88 mL, 0.53 mmol) at room temperature. After
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stirring for 1 h, the reaction was quenched by adding AcOH aqueous at room temperature. The
products were extracted with EtOAc (x3), and the combined organic extracts were dried over
NazS0s. Concentration and purification by silica gel column chromatography (n-hexane/acetone
= 3/1) afforded dimethyl ethers 31a and 31b (15.2 mg, 71%) as a pale yellow powder. These
diastereomers were separated by reversed-phase preparative HPLC (MeCN/H2O/TFA =

75/25/0.1, flow rate 8.0 mL/min).

Conversion of uroleuconaphin A; (14) to uroleuconaphin A, (18)

n-PrNH,
(15 equiv)

THF rt, 1 h

H : .
OH O - 41:1dr atC10a
uroleuconaphin B4 (14) 18

To a solution of red pigment 14 (236 mg, 418 pumol) in THF (42 mL) was added n-PrNH, (0.52
mL, 6.3 mmol) at room temperature. After stirring for 1 h, the reaction was quenched by adding
1 M aqueous HCI at room temperature. The products were extracted with EtOAc (x3), and the
combined organic extracts were washed with water, dried over Na;SOs. Concentration and
purification by silica gel column chromatography (CHCI:3/MeOH = 50/1 — 30/1 — 10/1)
afforded yellow pigment 18 (200 mg, 85%) as a yellow powder.

Note: Yellow pigment 18 gradually converted to red pigment 14 by extraction and purification process.

Uroleuconaphin A; (18)
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18: A yellow powder; IR (ATR) 3235, 2977, 2930, 1668, 1620, 1605, 1454, 1369, 1332, 1260,
1165, 1147, 1102, 1073, 1053, 1036, 982, 837, 817, 800, 789, 757, 716, 653, 596, 553, 515, 492,
472, 452, 425, 406 cm™'; 'H-NMR (acetone-ds, 500 MHz) & 1.20 (d, 6H, J = 6.0 Hz, H-12, 12°),
%123 (d, 3H, J=6.1 Hz, H-12), 1.49 (d, 3H, J = 6.7 Hz, H-11"), 1.54 (d, 3H, J = 6.0 Hz, H-11),
*1.58 (d, 3H, J = 6.8 Hz, H-11), 2.09-2.11 (m, 1H, H-4"), *2.13-2.19 (m, 1H, H-4"), 2.47 (dd,
1H, J=19.5 Hz, 2.8 Hz, H-4"), #2.55 (brd, 1H, J= 19.7 Hz, H-4"), 3.10 (d, 1H, J = 10.7 Hz, H-
10a), 3.88 (dq, 1H, J = 9.9 Hz, 6.0 Hz, H-3), 3.93-3.98 (m, 1H, H-3"), 4.22 (d, 1H, J=9.9 Hz,
H-4), *4.24 (d, 1H, J = 5.8 Hz, H-10a), *4.28 (d, 1H, J= 6.2 Hz, H-4), 4.35 (dq, 1H, J=10.7 Hz,
6.0 Hz, H-1), *4.62-4.68 (m, 2H, H-1, 1°), 4.66 (q, 1H, J = 6.7 Hz, H-1"), *6.24 (brs, 1H, H-8),
6.28 (brs, 1H, H-8), *6.40 (brs, 1H, H-6), 6.46 (brs, 1H, H-6), *6.50 (s, 1H, H-8"), 6.56 (s, 1H,
H-8%), *12.17 (s, 1H, OH-9), 12.21 (s, 1H, OH-9°), *12.78 (s, IH, OH-9), 13.16 (s, 1H, OH-9);
13C-NMR (acetone-ds, 125 MHz) & *16.0 (C-12), 18.9 (C-12), *19.8 (C-11°), 19.9 (C-11°), 21.8
(C-12%), 23.0 (C-11), 30.4 (C-4’), *31.1 (C-4"), 54.2 (C-10a), 62.6 (C-3"), 66.8 (C-3), 67.9 (C-
1), #69.2 (C-3"), 71.1 (C-1), ¥75.2 (C-4), 75.4 (C-5), 77.7 (C-4), 85.7 (C-4a), 98.3 (C-5), *99.9
(C-5°),103.3 (C-8), *103.4 (C-8), *104.7 (C-8°), 104.8 (C-8"), 106.7 (C-9°a), *108.7 (C-6), 108.8
(C-9a), 109.5 (C-6), *109.8, 114.2 (C-6"), *139.3, 139.7 (C-5a or 5°a), 139.8 (C-10’a), *139.9
(C-5a or 5°a), 146.3 (C-4’a), 147.8 (C-5a or 5°a), *164.5 (C-9°), 164.7 (C-7°), *164.8 (C-7),
165.0 (C-9°), *166.2 (C-7), 167.3 (C-7), 167.7 (C-9), *186.9 (C-10°), 187.0 (C-10"), *198.9 (C-
10), 199.0 (C-10); HRMS (MALDI) caled for C3HyOn [M-H]" m/z 563.1548; found m/z
563.1545.

The signals marked with an asterisk (*) were assigned to the minor diastereomer.

Conversion of uroleuconaphin A; (14) to 7-O, 7°-O-dimethyl uroleuconaphin A» (30)

1) n-PrNH, (15 equiv)
THF, rt, 1 h

2) TMSCHN,

H: :
OH O - 3.9:1d.r. at C10a
uroleuconaphin B4 (14) 30
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To a solution of red pigment 14 (19.7 mg, 34.9 umol) in THF (3.5 mL) was added n-PrNH;
(43.0 uL, 525 pmol) at room temperature. After stirring for 0.5 h, the reaction was quenched by
adding 1 M aqueous HCI at room temperature. The products were extracted with EtOAc (x3),
and the combined organic extracts were washed with water, dried over Na>SQOj4, and concentrated
in vacuo. To a solution of crude material in toluene/MeOH (1.1 mL/l1.1 mL) was added
trimethylsilyldiazomethane (0.6 M in n-hexane, 0.70 mL, 0.42 mmol) at room temperature. After
stirring for 1 h, the reaction was quenched by adding AcOH aqueous at room temperature. The
products were extracted with EtOAc (x3), and the combined organic extracts were dried over
NazS0s. Concentration and purification by silica gel column chromatography (n-hexane/acetone
= 3/1) afforded dimethyl ethers 30a and 30b (20.1 mg, 97%) as a pale yellow powder. These
diastereomers were separated by preparative reversed-phase HPLC (MeOH/H,O/TFA =

80/20/0.1, flow rate 8.0 mL/min).
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Reverse reaction of uroleuconaphin B» (19)

silica gel
MeOH, rt
uroleuconaphin B, (19) uroleuconaphin B4 (15)
19a: 10a-Ha
( 19b: 10a-Hp >

Table 6. Silica gel-promoted isomerization of uroleuconaphin B> (19)

columnl é column i
time 19:15 19a:19b ; time 19:15 19a:19b
10 min >99:1 78:22 é 10 min >99:1 20:80
12h 94:6 77:23 ; 12h 84:16 29:71
24 h 94:6 80:20 ; 24 h 70:30 43:57
48 h 91:9 84:16 i 48 h 67:33 43:57

« Determined by 'H-NMR (acetone-dj).

Yellow pigment 19 (4.0 mg, 6.9 umol) adsorbed on silica gel (120 mg) was suspended in
MeOH (4.3 mL). After stirring at room temperature for some time, the suspension was filtered
by a glass filter, and washed with EtOAc. The filtrate was concentrated, and the residue was

analyzed by "H-NMR without purification.

99



FIHET AR DM ARBCE O RIE

Isolation of uroleuconaphins

The extraction and purification of uroleuconaphins were performed as follows. The red aphid,
Uroleucon nigrotuberculatum was obtained from Solidago altissima L. in Tokushima Prefecture,
Japan, in June 2021. The aphids (total mass, 297 g) were crushed with diethyl ether using a pestle,
and filtered using by a Buchner funnel. The aphid pigments were extracted with diethyl ether
(total volume, 5.5 L) by further grinding the aphids. The combined ethereal extracts were
concentrated to obtain crude extracts (26.8 g). The residue was purified by silica gel
chromatography (n-hexane/EtOAc =4/1 — 1/2) to afford the red pigments 14 (3.6 g) and 15 (1.3
g) and then further eluted by CHCI3/MeOH (50/1 — 30/1) to afford the yellow pigments 18 (0.95

g, 18a:18b =2.8:1) and 19 (0.42 g, 19a:19b = 3.6:1).

Crushing aphids in diethylether

o e

=

D Uroleuconaphin A; (14) @ Uroleuconaphin A, (18)
@ Uroleuconaphin B, (15) @ Uroleuconaphin B, (19)

Purification by silica gel chromatography
(n-hexane/EtOAc and CHCIy/MeOH)
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Conversion of uroleuconaphin A; (14) to viridaphin A; (26)

TsOH-H,O
(2 equiv)

CHClyftoluene =1/1 ~ HO
100 °C, 18 h

H : OH O
OH O - 24:1 d.r. at C4

uroleuconaphin A; (14) viridaphin A, (26)

To a solution of 14 (22.1 mg, 39.2 umol) in CHCls/toluene (10 mL/10 mL) was added
TsOH-H>0 (17.5 mg, 92.0 umol), and the mixture was heated at 100 °C. After stirring for 18 h,
the reaction mixture was quenched by adding NaHCOs (7.7 mg, 92 pumol) in H>O (10 mL) at
room temperature. The products were extracted with EtOAc (x3), and the combined organic
extracts were washed with saturated aqueous NH4Cl, and dried over MgSOs. Concentration and
purification by silica gel column chromatography (n-hexane/EtOAc = 1/1 — CHCIl3/MeOH =
20/1 — 15/1 — 10/1) afforded green pigment 26 (6.3 mg, 30%) as a green powder, and starting
material 14 (14.9 mg, 67%) as a red powder. Green pigments 26 and 4-epi-26 were separated

by preparative reversed-phase HPLC (MeCN/H>O/TFA = 75/25/0.1, flow rate 8.0 mL/min).

Viridaphin A; (26)

26: A green powder; [a]p2 +2898 (¢ 0.019, MeOH); IR (ATR) 3383, 2977, 2926, 2849, 1617,
1433, 1303, 1260, 1229, 1192, 1120, 1046, 1023, 990, 825, 685, 631 cm™'; 'H-NMR
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(CDCl5:CDs;0D = 35:1, 600 MHz) 6 1.40 (d, 3H, J = 6.2 Hz, H-12"), 1.51 (d, 3H, J= 6.2 Hz, H-
12), 1.69 (d, 3H, J= 6.7 Hz, H-11"), 1.80 (d, 3H, J = 6.7 Hz, H-11), 2.44 (dd, 1H, J=17.4 Hz,
10.4 Hz, H-4"), 3.09 (dd, 1H, J=17.4 Hz, 3.3 Hz, H-4’), 4.21 (qdd, 1H, J= 6.2 Hz, 10.4 Hz, 3.3
Hz, H-3"),4.29 (d, 1H, J= 7.6 Hz, H-4), 4.43 (dq, 1H, J= 7.6 Hz, 6.2 Hz, H-3), 5.04 (q, 1H, J =
6.7 Hz, H-1), 5.21 (q, I1H, J = 6.7 Hz, H-1"), 6.49 (s, 1H, H-8"), 6.65 (s, 1H, H-8); 3C-NMR
(CDCl5:CDs;0OD = 35:1, 150 MHz) 6 18.2 (C-11), 18.9 (C-11°), 20.1 (C-12), 21.5 (C-12°), 31.0
(C-4), 62.4 (C-3"), 65.5 (C-3), 67.7 (C-1), 68.2 (C-1), 79.5 (C-4), 103.7 (C-9a), 105.4 (C-8’),
106.4 (C-8), 112.1 (C-9’a), 117.2 (C-5a), 119.1 (C-5’a), 123.5 (C-6"), 130.2 (C-4’a), 131.0 (C-
5), 132.7 (C-6), 133.9 (C-10’a), 138.9 (C-4a), 139.0 (C-10a), 149.3 (C-57), 153.1 (C-7 or 9),
155.1 (C-10%), 161.0 (C-7"), 163.0 (C-7 or 9), 183.2 (C-10), 186.3 (C-9°);

'"H-NMR (DMSO-ds, 600 MHz) & 1.28 (d, 3H, J = 6.2 Hz, H-12"), 1.37 (d, 3H, J = 5.9 Hz, H-
12), 1.49 (d, 3H, J = 6.5 Hz, H-11"), 1.63 (d, 3H, J = 6.8 Hz, H-11), 2.23 (dd, 1H, J=16.5 Hz,
16.8 Hz, H-4"), 2.93 (d, 1H, J=16.5 Hz, H-4"), 4.04—4.08 (m, 1H, H-3"), 4.16-4.23 (m, 2H, H-
3, 4),4.76 (brs, 1H, H-1), 4.86 (brs, 1H, H-1"), 5.92 (s, 1H, H-8"), 6.37 (s, 1H, H-8), 13.57 (s,
1H, OH-9), 15.07 (s, 1H, OH-10"); 3C-NMR (DMSO-ds, 150 MHz) & 18.0 (C-11), 18.7 (C-11"),
19.7 (C-12), 21.6 (C-12’), 30.6 (C-4’), 61.7 (C-3°), 65.3 (C-3), 66.6 (C-1), 67.0 (C-1"), 78.1 (C-
4),102.4 (C-9a), 104.3 (C-8’), 105.6 (C-8), 110.9 (C-9’a), 116.3 (C-5a), 118.2 (C-5’a), 122.2 (C-
6’), 129.9 (C-5), 130.2 (C-4’a), 132.2 (C-6), 133.0 (C-10’a), 138.0 (C-10a), 138.6 (C-4a), 148.5
(C-5%), 153.5 (C-7 or 9), 154.8 (C-10%), 159.9 (C-7°), 162.7 (C-7 or 9), 182.2 (C-10), 184.7 (C-
9”); HRMS (MALDI) calcd for C30H2509 [M+H]" m/z 529.1493, found m/z 529.1508; Mp 218 °C

(dec).

4-epi-Viridaphin A, (4-epi-26)

4-epi-26: A green powder; [o]p!? —1546 (c 0.013, MeOH); IR (ATR) 3396, 2920, 2851, 1726,
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1620, 1456, 1260, 1122, 800, 746, 502, 451, 419 cm™'; 'H-NMR (CDCL:CD;0D = 35:1, 500
MHz) § 1.42 (d, 3H, J= 6.1 Hz, H-12"), 1.58 (d, 3H, J = 6.8 Hz, H-11), 1.60 (d, 3H, J = 6.8 Hz,
H-11°), 1.61 (d, 3H, J = 6.8 Hz, H-12), 2.65 (dd, 1H, J = 17.4 Hz, 11.0 Hz, H-4"), 3.03 (dd, 1H,
J=17.4 Hz, 2.9 Hz, H-4"), 4.05 (ddq, 1H, J = 11.0 Hz, 2.9 Hz, 6.8 Hz, H-3), 4.16 (d, 1H, J =
2.9 Hz, H-4), 429-4.33 (m, 1H, H-3), 5.29 (q, 1H, J= 6.8 Hz, H-1), 5.32 (q, 1H, J = 6.8 Hz, H-1"),
6.55 (s, 1H, H-8"), 6.73 (s, 1H, H-8); *C-NMR (CDCl3:CD:OD = 35:1, 125 MHz) § 17.1 (C-11),
17.3 (C-117), 18.7 (C-12), 21.7 (C-12°), 32.2 (C-4"), 62.5 (C-3"), 65.3 (C-3), 68.2 (C-1), 68.5 (C-
1), 74.5 (C-4), 103.9 (C-9a), 104.9 (C-8°), 106.4 (C-8), 112.1 (C-9°a), 117.2 (C-5a), 117.6 (C-
5°a), 123.0 (C-6"), 131.3 (C-4’a), 131.4 (C-5), 132.3 (C-6), 134.0 (C-10’a), 136.8 (C-4a), 138.0 (C-
10a), 151.3 (C-5), 155.0 (C-7 or 9, 10°), 161.3 (C-7°), 162.7 (C-7 or 9), 183.7 (C-10), 186.9 (C-9");

HRMS (MALDI) calcd for C30H2409 [M]~ m/z 528.1415, found m/z 528.1397; Mp 186 °C (dec).

On large scale procedure

To a solution of 14 (85.2 mg, 151 umol) in CHCls/toluene (38 mL/38 mL) was added
TsOH-H>0 (66.6 mg, 350 umol), and the mixture was heated at 100 °C. After stirring for 18 h,
the reaction mixture was quenched by adding NaHCO3 (30.8 mg, 350 pumol) in H,O (40 mL) at
room temperature. The products were extracted with EtOAc (x3), and the combined organic
extracts were washed with saturated aqueous NH4Cl and dried over MgSO4. Concentration and
purification by silica gel column chromatography (n-hexane/EtOAc = 1/1—-CHCl3/MeOH =
20/1—15/1—10/1) afforded green pigment 26 (21.5 mg, 27%) as a green powder, and starting
material 14 (59.0 mg, 69%). The same reaction was repeated for other two cycles using the
recovered 14. A total of 16.9 mg and 9.5 mg of the green pigment 26 were collected in the second

and third run, respectively. As a result, the green pigment 26 (total 47.9 mg, 60%) was obtained.
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Conversion of uroleuconaphin A; (14) in aqueous media

TsOH-H,O
(2 equiv)

THFH,0=1/1  HO
80 °C, 18 h

i~ OH O ° OH O
OH O ¢

uroleuconaphin A, (14) viridaphin A (26)

To a solution of 14 (30.6 mg, 54.3 umol) in THF/H>O (13 mL/13 mL) was added TsOH-H>O
(24.0 mg, 126 umol), and the mixture was heated at 80 °C. After stirring for 18 h, the reaction
mixture was quenched by adding NaHCOs3 (11.0 mg, 131 pmol) in H>O (20 mL) at room
temperature. The products were extracted with EtOAc (%3), and the combined organic extracts
were washed with saturated aqueous NH4Cl, dried over Na>xSO4. Concentration and purification
by silica gel column chromatography (EtOAc — CHCI3/MeOH = 50/1 — 30/1 — 10/1 — 2/1)
to afford green pigment 26 (2.9 mg, 10%) and 28 (6.0 mg, 20%) as a green powder, and biaryl

compound 48 (20.2 mg, 66%) as an orange powder.

48: An orange powder; [a]p** —320 (c 0.056, MeOH); IR (ATR) 3358, 1645, 1603, 1355, 1255,
1193, 1149, 1099, 1066, 1034, 956, 824, 588, 524, 491, 476, 458, 449, 435, 413 cm™'; 'H-NMR
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(acetone-ds, 600 MHz) 6 1.04 (d, 3H, J= 6.6 Hz, H-12), 1.19 (d, 3H, J= 6.0 Hz, H-12"), 1.52 (d,
3H,J=6.6 Hz, H-11"), 1.63 (d, 3H, J= 6.6 Hz, H-11), 1.87 (ddd, 1H, J=19.2 Hz, 10.2 Hz, 2.1
Hz, H-4"), 2.40 (dd, 1H, J=19.2 Hz, 3.6 Hz, H-4"), 3.59-3.60 (m, 1H, H-4), 3.84 (brd, 1H, J =
7.8 Hz, OH-4), 3.91-3.98 (m, 2H, H-3, 3°), 4.87 (dq, 1H, J=2.1 Hz, 6.6 Hz, H-1’), 5.10 (q, 1H,
J=6.6 Hz, H-1), 6.21 (s, 1H, H-8"), 6.65 (s, 1H, H-8), 9.60 (s, 1H, OH-7"), 13.05 (s, 1H, OH-
9%), 13.75 (s, 1H, OH-10); 1*C-NMR (acetone-ds, 150 MHz) § 17.6 (C-12), 19.8 (C-11"), 20.0
(C-11), 21.7 (C-12°), 30.6 (C-4’), 63.1 (C-3°), 66.8 (C-1), 67.4 (C-1°), 68.4 (C-4), 71.4 (C-3),
107.8 (C-8’), 109.9 (C-9’a), 110.0 (C-8), 114.1 (C-9a), 125.7 (C-6), 126.5 (C-5 or 5a or 5’a),
129.8 (C-5 or 5a or 5’a), 134.0 (C-5 or 5a or 5’a), 138.8 (C-10a), 143.4 (C-4a), 144.0 (C-4’a),
146.4 (C-10’a), 158.6 (C-10), 160.2 (C-7), 165.4 (C-7°), 165.9 (C-9°), 181.3 (C-6), 184.5 (C-10°),
188.0 (C-57), 193.0 (C-9); HRMS (MALDI) calcd for C30H25011 [M-H]™ m/z 561.1391, found

m/z 561.1385; Mp 196 °C (dec).

Conversion of uroleuconaphin Bj (15) in aqueous media

TsOH-H,0
(2 equiv)

THF/H,O0 = 1/1 HO
80°C, 18 h

H :
OH O =
uroleuconaphin By (15)

To a solution of 15 (87.5 mg, 151 umol) in THF/H>O (38 mL/38 mL) was added TsOH-H>O

(66.2 mg, 348 umol), and the mixture was heated at 80 °C. After stirring for 18 h, the reaction
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mixture was quenched by adding H>O at room temperature. The products were extracted with
EtOAc (x3), and the combined organic extracts were washed with brine, dried over Na;SOs.
Concentration and purification by silica gel column chromatography (CHCl3/MeOH = 50/1 —
30/1 — 10/1) to afford green pigment 27 (4.9 mg, 5%) and 29 (12.3 mg, 15%) as a green powder,

and biaryl compound 49 (37.1 mg, 43%) as an orange powder.

Viridaphin B; (27)

27: A green powder; [a]p??> +2970 (¢ 0.022, MeOH); IR (ATR) 3393, 2982, 1717, 1700, 1685,
1675, 1654, 1617, 1558, 1542, 1508, 1457, 1202, 1142, 845, 802, 746, 728, 607, 606, 519 cm™';
'H-NMR (CDCl3:CD;OD = 35:1, 500 MHz) & 1.05 (d, 3H, J = 6.7 Hz, H-12°), 1.68 (d, 3H, J =
6.2 Hz, H-12), 1.78 (d, 6H, J = 6.6 Hz, H-11, 11°), 431 (dq, 1H, J = 2.5 Hz, 6.7 Hz, H-3"), 4.39
(d, 1H, J = 7.0 Hz, H-4), 4.49 (dq, 1H, J = 7.0 Hz, 6.2 Hz, H-3), 4.74 (d, 1H, J = 2.5 Hz, H-4"),
5.06 (q, 2H, J= 6.6 Hz, H-1, 1°), 6.53 (s, 1H, H-8"), 6.66 (s, 1 H, H-8); *C-NMR (CDCl3:CD50D
—35:1, 125 MHz) & 15.6 (C-12°), 18.4 (C-11), 19.0 (C-12), 20.6 (C-11°), 63.8 (C-4"), 65.1 (C-
1), 66.4 (C-3), 67.3 (C-1), 72.6 (C-3°), 79.2 (C-4), 103.6 (C-9a), 105.5 (C-8°), 106.6 (C-8), 113.9
(C-9°a), 117.2 (C-5a), 120.0 (C-5"a), 123.2 (C-6"), 130.2 (C-4"a), 131.8 (C-5), 132.7 (C-6), 133.2
(C-10°a), 138.8 (C-4a), 139.7 (C-10a), 150.5 (C-5"), 153.0 (C-7 or 9), 155.3 (C-10"), 161.2 (C-
7°), 163.1 (C-7 or 9), 183.3 (C-10), 186.3 (C-9°): HRMS (MALDI) caled for C3oHasO10 [M+H]*

m/z 545.1442; found m/z 545.1436; Mp 165 °C (dec).
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49: An orange powder; [a]p?* =350 (¢ 0.029, MeOH); IR (ATR) 3359, 2077, 2939, 2838, 1645,
1604, 1404, 1381, 1357, 1272, 1207, 1099, 1067, 1016, 831, 799, 719, 696, 633, 589, 570, 535,
432 cm™!'; TH-NMR (DMSO-ds, 500 MHz) 8 1.00 (d, 3H, J = 6.4 Hz, H-12), 1.11 (d, 3H, J=6.4
Hz, H-12°), 1.50 (d, 3H, J = 6.8 Hz, H-11"), 1.59 (d, 3H, J = 6.6 Hz, H-11), 3.69-3.74 (m, 2H,
H-4, 3),3.83 (dq, 1H, J= 6.2 Hz, 6.4 Hz, H-3), 3.96-3.98 (m, 1H, H-4’), 4.67 (brs, 1H, OH-4),
4.73 (q, 1H, J=6.8 Hz, H-1"), 5.00 (q, 1H, J= 6.6 Hz, H-1), 5.27 (brd, 1H, J= 5.1 Hz, OH-4’),
5.97 (brs, 1H, H-8), 6.56 (s, 1H, H-8”), 12.93 (s, 1H, OH-9"); *C-NMR (DMSO-ds, 125 MHz) &
17.6 (C-12), 17.8 (C-12°), 18.9 (C-11"), 19.0 (C-11), 64.2 (C-4’), 65.0 (C-1’), 65.9 (C-1), 63.7
(C-4), 69.0 (C-37), 69.6 (C-3), 105.7 (C-9a), 108.2 (C-8, 9’a), 112.7 (C-8°), 125.5 (C-6’), 126.2
(C-5 or 5aor 5’a), 128.4 (C-5 or 5a or 5’a), 132.4 (C-5 or 5a or 5’a), 136.2 (C-10a), 142.4 (C-
4’a), 143.3 (C-4a), 146.0 (C-10’a), 156.5 (C-10), 164.1 (C-9°), 165.7 (C-77), 172.0 (C-7), 181.1
(C-6), 183.3 (C-10°), 186.3 (C-5"), 190.6 (C-9); HRMS (MALDI) caled for C30H25012 [M-H]"

m/z 577.1341; found m/z 577.1335; Mp 173 °C (dec).

Preparation of compound 50

MOMCI
i-ProNEt, DMAP

THF, 0°C — rt
56%

To a solution of 48 (6.8 mg, 12 umol) in THF (1.0 mL) were successively added N,N-
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diisopropylethylamine (43 uL, 0.24 mmol) and DMAP (3.3 mg, 24 umol) and MOMCI (9.2 pL,
0.12 mmol) at 0 °C, and allowed to warm to room temperature. After stirring for 2 h at this
temperature, the reaction was quenched by adding saturated aqueous NH4Cl. The products were
extracted with EtOAc (x3) and combined organic extracts were washed with brine, dried over
NaxSO4, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc = 5/1) to afford bis-MOM ether 50 (4.4 mg, 56%) as an orange

solid. Recrystallization from EtOAc gave 50 as orange needles.

50: Orange needles; [o]p'® —240 (c 0.018, CHCls); IR (ATR) 3493, 2975, 2930, 1677, 1630, 1606,
1379, 1337, 1279, 1217, 1152, 1061, 958, 732, 439, 418 cm™'; '"H-NMR (CDCls, 500 MHz) &
1.02 (d, 3H, J = 6.5 Hz), 1.25 (d, 3H, J = 6.0 Hz), 1.55 (d, 3H, J = 6.5 Hz), 1.70 (d, 3H, J = 6.5
Hz), 1.95 (dd, 1H, J=19.0 Hz, 10.5 Hz), 2.11 (d, 1H, J= 8.0 Hz), 2.35 (dd, 1H, J= 19.0 Hz, 3.0
Hz), 3.30 (s, 3H), 3.44 (s, 3H), 3.78 (dd, 1H, J = 8.0 Hz, 2.5 Hz), 3.86-3.90 (m, 1H), 4.07 (qd,
1H, J = 6.5 Hz, 2.5 Hz), 4.98 (q, 1H, J= 6.5 Hz), 5.06 (d, 1H,J=6.5 Hz), 5.12(d, IH,J=6.5
Hz), 5.14 (d, 1H, J = 6.5 Hz), 5.19 (s, 2H), 6.36 (s, 1H), 7.03 (s, 1H), 12.93 (s, 1H), 13.39 (s,
1H); *C-NMR (CDCls, 125 MHz) § 15.7, 19.7, 20.7, 21.4, 30.0, 56.6, 57.3, 62.4, 65.2, 66.9,
67.0,72.0,95.1,95.2, 108.1,110.2, 112.1, 113.6, 124.5, 126.0, 128.7, 132.7, 136.8, 140.9, 142.3,
146.3, 158.0, 158.3, 162.7, 165.0, 179.5, 183.8, 186.9, 191.2; HRMS (MALDI) calcd for

C34H34013Na[M+Na]" m/z 673.1892, found m/z 673.1895; Mp 95-97 °C.

Single crystal X-ray diffraction data of compound 50

Hydrogen atoms are omitted for clarity.

Identification code CCDC 2104603
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Moiety formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2c (I)]

R indices (all data)

Absolute structure parameter

C34H34013, H20

668.65

100 K

0.71073 A

orthorhombic

P2,2,24

a=102753 (13) A a=90°
b=15.0618 (19) A B =90°
c=19.8940 (3) A y=90°
3078.9 (7) A3

4

1.404 g/cm?

0.108 mm™!

1368.0

0.030 x 0.150 x 0.500 mm*

1.70 to 27.60°

—13<=h<=12, -13<=k<=19, —19<=1<=25

18486

5678 [R(int) = 0.0459]
Multi-scan

Full-matrix least-squares on F?
7121/3 /448

1.009

R1=0.0459, wR, = 0.0945
R1=0.0639, wR> =0.1030

0.3 (6)
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Conversion of uroleuconaphin A; (14) with water-'30

TsOH-H,0
(2 equiv)

THF, Hy's0  HO
80 °C

uroleuconaphin A4 (14) viridaphin A, (28) 48

To a solution of 14 (10.1 mg, 17.9 umol) in THF (9 mL) were added water-'%0 (1.5 mL) and
TsOH-H>0 (8.0 mg, 42 umol), and the mixture was heated at 80 °C. After stirring for 18 h, the
reaction mixture was quenched by adding NaHCOs (3.5 mg, 42 pumol) in H,O (5 mL) at room
temperature. The products were extracted with EtOAc (%3), and the combined organic extracts
were washed with saturated aqueous NH4Cl, dried over Na>xSO4. Concentration and purification
by silica gel column chromatography (EtOAc — CHCI3/MeOH = 40/1 — 20/1 — 10/1 — 2/1)
to afford green pigment 28 (0.3 mg, 3%) as a green powder, and biaryl compound 48 (3.4 mg,

37%) as an orange powder.

Conversion of uroleuconaphin A; (14) in deuterated water

[>99]
TsOH-H,0
(2 equiv)
THF/D,0 = 1/1
80°C, 18 h HO
D
>  op o
[50]
uroleuconaphin A, (14) deuterated viridaphin A4

(500 MHz, DMSO-dg)

To a solution of 14 (20.8 mg, 36.9 umol) in THF/D>0O (9 mL/9 mL) was added TsOH-H>O
(16.2 mg, 85.2 umol), and the mixture was heated at 80 °C. After stirring for 18 h, the reaction

mixture was quenched by adding NaHCOs (7.1 mg, 85 umol) in H2O (10 mL) at room
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temperature. The products were extracted with EtOAc (%3), and the combined organic extracts
were washed with saturated aqueous NH4Cl, dried over Na>xSO4. Concentration and purification
by silica gel column chromatography (EtOAc — CHCIz/MeOH = 40/1 — 20/1 — 10/1 — 2/1)

to afford deuterated viridaphin A (1.5 mg, 8%) as a green powder.
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Isolation of viridaphin glucosides

The extraction and purification of viridaphin glucosides were performed as follows: the
greenish aphid, M. crassicauda and Acyrthosiphon pisum, which were obtained from Vicia sativa
in Tokushima Prefecture, Japan, in May 2020. A mixture of these aphids (total 3.7 kg) was
crushed with a pestle in n-hexane (total 9 L) and methanol (total 23 L) several times. The
combined methanol solutions were evaporated to give crude extracts. The extracts were dissolved
in water (total 2 L), and extracted with n-BuOH (x5, total 1L). The combined organic extracts
were dried over MgSQOs4, and concentrated in vacuo to give crude extracts (149 g). The residue
was purified by silica gel chromatography (EtOAc/MeOH = 2/1) and further purified by reversed-
phase silica gel chromatography (MeOH/H20 =1/1) to afford the green pigment 22 (373 mg), 23

(933 mg) and 24 (449 mg).

Crush aphids in hexane and methanol Separate hexane solution
and methanol solution

Right: Water layer
Left: n-BuOH layer

Extract with n-BuOH Purification by reversed-phase D Viridaphin A; glucoside (23)
silica gel chromatography - . .
(MeOH/H,0) @ Viridaphin A, glucoside (22)

® Viridaphin B, glucoside (24)
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Viridaphin A; glucoside (22)

22: A green powder; [a]p?? +1777 (c 0.017, MeOH); IR (ATR) 3351, 2927, 1585, 1422, 1362,
1231, 1020, 844, 506, 473, 431,403 cm™!; 'TH-NMR (DMSO-ds, 600 MHz) 6 1.30 (d, 3H, J= 6.0
Hz, H-12°), 1.37 (d, 3H, J = 6.2 Hz, H-12), 1.56 (d, 3H, J = 6.8 Hz, H-11"), 1.64 (d, 3H, J= 6.6
Hz, H-11), 2.34 (dd, 1H, J = 17.2 Hz, 10.5 Hz, H-4’), 3.05 (dd, 1H, J = 17.2 Hz, 2.7 Hz, H-4’),
3.25(dd, 1H,J=9.2 Hz, 9.0 Hz, H-2"-5"), 3.23-3.51 (m, 3H, H-2-5"), 3.57 (dd, 1H, J=11.9
Hz, 5.5 Hz, H-6""), 3.77 (brd, 1H, J=11.9 Hz, H-6"), 4.14-4.18 (m, 1H, H-3"), 4.32 (qd, 1H, J
=6.2 Hz, 6.2 Hz, H-3),4.46 (d, 1H, J= 6.2 Hz, H-4), 4.82 (q, |H, J= 6.6 Hz, H-1), 4.89 (d, 1H,
J=173Hz, H-17), 5.02 (q, |H, J= 6.8 Hz, H-1"), 5.08 (brs, 1H, OH), 5.14 (brs, 1H, OH), 6.27
(s, IH, H-8"), 7.04 (s, 1H, H-8), 15.46 (s, 1H, OH-10"); *C-NMR (DMSO-ds, 150 MHz) & 18.5
(C-11), 18.8 (C-11), 19.7 (C-12), 21.6 (C-12"), 30.8 (C-4’), 60.7 (C-6"), 61.8 (C-3"), 65.7 (C-3),
67.1 (C-1), 67.2 (C-1"), 69.5 (C-2"-5"), 73.4 (C-2"-57), 75.9 (C-2"-5"), 77.5 (C-2"-57), 78.5
(C-4),103.2 (C-17), 103.4 (C-8°), 105.5 (C-9a), 108.9 (C-8), 111.6 (C-9’a), 118.4 (C-5a), 118.9
(C-5’a), 121.7 (C-6"), 130.0 (C-4’a), 132.0 (C-5), 133.3 (C-6), 134.7 (C-10’a), 135.7 (C-10a),
140.3 (C-4a), 148.7 (C-5’), 154.6 (C-10’), 158.8 (C-9), 160.7 (C-7"), 178.1 (C-10), 185.3 (C-9°);
HRMS (MALDI) calcd for C3sH3s014sNa [M+Na]* m/z 713.1841, found m/z 713.1846; Mp

258 °C (dec).
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Viridaphin B glucoside (23)

23: A green powder; [a]p?* —1292 (c 0.017, MeOH); IR (ATR) 3382, 2927, 2883, 1623, 1607,
1581, 1444, 1420, 1351, 1288, 1257, 1201, 1065, 1021, 835, 788, 507 cm™!; 'H-NMR (CDsOD,
500 MHz) & 1.36 (d, 3H, J= 6.3 Hz, H-12"), 1.42 (d, 3H, J= 6.6 Hz, H-11), 1.66 (d, 3H, J= 6.6
Hz, H-12), 1.67 (d, 3H, J = 6.3 Hz, H-11"), 3.43-3.47 (m, 2H, H-2”, 4), 3.55-3.65 (m, 2H, H-
3”,57),3.85(dd, 1H, J = 4.4 Hz, 12.0 Hz, H-6), 3.95 (brd, 1H, J = 12.0 Hz, H-6"), 4.17 (dq,
1H, J=6.2 Hz, 6.3 Hz, H-3"), 4.27 (q, 1H, J = 6.6 Hz, H-3), 4.70 (d, 2H, J = 6.2 Hz, H-4’, 17),
5.04 (q, 1H, J=6.3 Hz, H-1"), 5.15 (q, IH, J= 6.6 Hz, H-1), 6.23 (s, 1H, H-8’), 6.82 (s, 1H, H-
8); BC-NMR (CDsOD, 125 MHz) § 15.0 (C-12), 18.3 (C-12°), 19.2 (C-11"), 21.0 (C-11), 62.3
(C-67), 68.0 (C-1), 68.1 (C-1"), 68.3 (C-4’), 70.7 (C-57), 71.5 (C-3’), 74.0 (C-3”), 75.5 (C-3),
77.1(C-2”),78.6 (C-4), 95.6 (C-4), 105.3 (C-17), 105.8 (C-8°), 107.2 (C-9a), 109.7 (C-8), 114.1
(C-9%a), 120.1 (C-5 or 5Sa or 5’a), 122.7 (C-5 or 5Sa or 5’a), 123.6 (C-6"), 132.2 (C-5 or S5a or 5’a),
134.1 (C-10’a), 135.2 (C-4’a), 136.9 (C-7), 137.7 (C-4a), 141.4 (C-10a), 145.7 (C-57), 155.6 (C-
107),161.1 (C-9), 162.3 (C-7), 180.5 (C-10), 187.1 (C-9’); HRMS (MALDI) calcd for C36H34016

[M] m/z 722.1841; found m/z 722.1836; Mp 250 °C (dec).
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Hydrolysis of viridaphin A» glucoside (22)

CSA

MeOH, rt
65%

viridaphin A, glucoside (22) viridaphin A, (26)

To a solution of 22 (19.9 mg, 28.8 umol) in MeOH (7.6 mL) was added 10-camphorsulfonic
acid (18.0 mg, 77.5 umol) at room temperature. After stirring for 3 h, the reaction mixture was
concentrated under reduced pressure to remove MeOH. The products were directly purified by
silica gel column chromatography (CHCl;/MeOH = 40/1 — 30/1 — 20/1) to afford aglycon 26

(9.9 mg, 65%) as a green powder.

Hydrolysis of viridaphin A; glucoside (23)

CSA

MeOH, rt
97%

viridaphin A4 glucoside (23) viridaphin A, (28)

To a solution 0f 23 (13.5 mg, 19.1 umol) in MeOH (5 mL) was added 10-camphorsulfonic acid
(12.0 mg, 51.7 umol) at room temperature. After stirring for 6 h, the reaction was quenched by
adding saturated aqueous NaHCOj at 0 °C. The products were extracted with EtOAc (x4), and
the combined organic extracts were washed with saturated aqueous NH4Cl, dried over Na>SOs.
Concentration and purification by silica gel column chromatography (CHCl; — CHCl3/MeOH =

60/1 — 50/1 — 40/1 — 20/1) to afford aglycon 28 (10.1 mg, 97%) as a green powder.
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Hydrolysis of viridaphin B; glucoside (24)

TSOH-H,0

MeOH, rt
71%

viridaphin B4 glucoside (24) viridaphin B4 (29)

To a solution of 24 (11.5 mg, 15.9 umol) in MeOH (7.6 mL) was added TsOH-H>O (5.9 mg,
31 umol) at room temperature. After stirring for 3 h, the reaction mixture was concentrated under
reduced pressure to remove MeOH. The products were directly purified by silica gel column

chromatography (CHCl3/MeOH = 10/1) to afford aglycon 29 (6.7 mg, 71%) as a green powder.

Methylation of viridaphin B (29)

TMSCHN, MeO
toluene/MeOH = 1/1
rt,1h

63%

viridaphin B4 (29) 59

To a solution of green pigment 29 (7.0 mg, 0.013 mmol) in toluene/MeOH (0.7 mL/0.7 mL)
was added trimethylsilyldiazomethane (0.6 M in n-hexane, 840 pL, 504 pmol) at room
temperature. After stirring for 1 h, the reaction was quenched by adding AcOH aqueous at room
temperature. The products were extracted with CHCl; (x3), and the combined organic extracts
were washed with brine, dried over Na;SO4. Concentration and purification by silica gel column
chromatography (CHCl3/MeOH = 60/1 — 10/1) afforded methyl ether 59 (4.5 mg, 63%) as a

green powder.
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59: A green powder; [a]p??> —2186 (¢ 0.019, MeOH); IR (ATR) 3431, 2981, 2925, 1733, 1616,
1456, 1433, 1372, 1238, 1188, 1044, 1001, 843, 754, 667, 605, 500, 477, 460, 436, 423, 415 cm™!;
'H-NMR (CDCls:CD;0D = 35:1, 500 MHz) & 1.46 (d, 3H, J = 6.2 Hz, H-12), 1.58 (d, 3H, J =
6.5 Hz, H-12), 1.60 (d, 3H, J = 6.7 Hz, H-11), 1.70 (d, 3H, J = 6.7 Hz, H-11°), 4.08 (s, 3H, H-
13), 4.10-4.13 (m, 1H, H-3"), 4.38 (q, 1H, J = 6.5 Hz, H-3), 4.68 (d, 1H, J = 7.7 Hz, H-4’), 5.14
(¢, 1H, J = 6.7 Hz, H-1°), 5.21 (q, 1H, J = 6.7 Hz, H-1), 6.36 (s, 1H, H-8), 6.72 (s, 1H, H-8");
I3C-NMR (CDCls:CD;0D = 35:1, 125 MHz) & 14.5 (C-12), 18.0 (C-11°), 18.7 (C-12°), 19.2 (C-
11), 57.0 (C-13), 67.3 (C-1), 68.1 (C-1°, 4), 68.3 (C-3"), 72.9 (C-3), 94.0 (C-4), 102.5 (C-8"),
104.1 (C-9a), 106.0 (C-8), 112.7 (C-9°a), 117.2 (C-5a), 121.6 (C-5a), 124.5 (C-6"), 128.4 (C-5),
133.2 (C-4’a), 134.3 (C-10’a), 135.0 (C-6), 137.7 (C-10a), 138.8 (C-4a), 144.2 (C-5), 154.4 (C-
7 or 10°), 154.8 (C-7 or 10°), 161.0 (C-4), 162.8 (C-7°), 184.3 (C-9°), 186.4 (C-10): HRMS

(MALDI) caled for C31H26011 [M]™ m/z 574.1470; found m/z 574.15455; Mp 203 °C (dec).
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AcCl, DMAP AcO

K>CO3
CH,Cly, rt MeOH, 0 °C
79% 62%
viridaphin A4 (28) 28e 28d

To a solution of green pigment 28 (12.3 mg, 0.023 mmol) in CH>Cl> (2.5 mL) were added DMAP
(5.4 mg, 0.074 mmol) and AcCl (12.0 pL, 0.169 mmol) at room temperature. After stirring for 3 h,
the reaction was quenched by adding buffer solution pH 6.8 (KH2PO4-NaOH) at this temperature.
The products were extracted with CHCl; (x3), and the combined organic extracts were washed with
water, dried over MgSOs. Concentration and purification by silica gel column chromatography (n-
hexane/EtOAc =2/1 — 1/1) afforded diacetate 28e (11.2 mg, 79%) as a green powder.

To a solution of green pigment 28e (4.4 mg, 7.0 umol) in MeOH (1.2 mL) was added K>COs (1.5
mg, 0.011 mmol) at 0 °C. After stirring for 30 min, the reaction was quenched by adding 6 M aqueous
HCIL. The products were extracted with EtOAc (x3), and the combined organic extracts were washed
with water, dried over MgSO4. Concentration and purification by silica gel column chromatography

(CHCI3/MeOH = 80/1 — 40/1) afforded derivative 28d (2.6 mg, 62%) as a green powder.

28e: A green powder; [a]p!? —2693 (¢ 0.022, MeOH); IR (ATR) 2927, 2855, 1782, 1755, 1620,
1579, 1447, 1425, 1364, 1227, 1180, 1124, 1000, 750 cm™'; "H-NMR (CDCls, 500 MHz) 6 1.42 (d,
3H,J=6.1 Hz, H-12°), 1.54 (d, 3H, J= 6.5 Hz, H-12), 1.60 (d, 3H, /= 6.7 Hz, H-11"), 1.62 (d, 3H,
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J=6.8 Hz, H-11), 1.65 (s, 3H, acetyl-a), 2.47 (s, 3H, acetyl-b), 2.63 (dd, 1H, /= 10.9 Hz, 17.4 Hz,
H-4%),3.00 (dd, 1H, J=3.0 Hz, 17.4 Hz, H-4’), 4.04-4.08 (m, 1H, H-3"), 4.78 (q, 1H, J= 6.5 Hz,
H-3),5.27 (q, 1H, J= 6.8 Hz, H-1), 5.34 (q, 1H, J= 6.7 Hz, H-1"), 6.46 (s, 1H, H-8"), 7.06 (s, 1H,
H-8), 13.06 (s, 1H, OH-9), 14.99 (s, 1H, OH-10); *C-NMR (CDCl;, 125 MHz) § 14.6 (C-12),
17.4 (C-11), 18.8 (C-11"), 20.6 (C-acetyl-a), 21.0 (C-acetyl-b), 21.9 (C-12"), 32.3 (C-4’), 62.4 (C-
3%),67.9 (C-1), 68.4 (C-17), 68.6 (C-3), 95.4 (C-4), 106.8 (C-8’), 108.8 (C-9a), 110.8 (C-9’a), 115.0
(C-8), 118.1 (C-5a), 119.0 (C-5a), 124.8 (C-6), 127.6 (C-5), 133.7 (C-6), 134.3 (C-4’a), 135.2 (C-
10’a), 136.8 (C-4a), 137.4 (C-10a), 143.1 (C-57), 143.9 (C-7), 156.4 (C-10"), 159.9 (C-7"), 160.6
(C-9), 167.7 (C-acetyl-a and b), 185.6 (C-10), 187.0 (C-9’); HRMS (MALDI) caled for C34H290012

[M+H]" m/z 629.1654; found m/z 629.1658; Mp 232 °C (dec).

1

28d: A green powder; [o]p!® —2906 (c 0.028, MeOH); IR (ATR) 3471, 2971, 2931, 1751, 1615,
1582, 1424, 1364, 1257, 1229, 1192, 1133, 999, 754 cm™'; '"H-NMR (CDCls, 500 MHz) 6 1.43 (d,
3H,J=6.1 Hz, H-12°), 1.53 (d, 3H, J= 6.5 Hz, H-12), 1.61 (d, 3H, J= 6.8 Hz, H-11), 1.62 (d, 3H,
J=6.7Hz, H-11"), 1.64 (s, 3H, H-acetyl), 2.64 (dd, 1H, J=10.9 Hz, 17.4 Hz, H-4"), 3.01 (dd, 1H,
J=3.0Hz, 17.4 Hz, H4’), 4.06-4.11 (m, 1H, H-3"), 4.74 (q, 1H, J= 6.5 Hz, H-3), 5.20 (q, 1H, J
= 6.8 Hz, H-1), 5.35 (q, 1H, J= 6.7 Hz, H-1"), 6.55 (s, 1H, H-8’), 6.80 (s, 1H, H-8), 13.25 (s, 1H,
OH-9), 14.97 (s, 1H, OH-10"); *C-NMR (CDCls, 125 MHz) § 14.6 (C-12), 17.5 (C-11), 18.8 (C-
11°), 21.0 (C-acetyl), 21.9 (C-12°), 32.4 (C-4’), 62.4 (C-3°), 68.0 (C-1), 68.4 (C-1"), 68.8 (C-3),
95.5 (C-4), 104.9 (C-9a), 106.0 (C-8’), 106.6 (C-8), 111.0 (C-9’a), 117.3 (C-5a), 119.2 (C-5’a),
123.9 (C-6’), 128.4 (C-6), 131.2 (C-5), 133.6 (C-4’a), 134.6 (C-10’a), 136.1 (C-4a), 138.1 (C-10a),
142.9 (C-5°), 150.8 (C-7), 156.2 (C-10’), 160.1 (C-7"), 162.6 (C-9), 167.7 (C-acetyl), 184.3 (C-10),
186.8 (C-9%); HRMS (MALDI) calcd for C31H25011 [M—H]™ m/z 585.1391; found m/z 585.1383;
Mp 204 °C (dec).
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HVUE
Hfi  7-0, 7°-O-dimethyl uroleuconaphin Bay D 57 f# )i

Silica gel-promoted degradation of 31b under reflux

(e} O OH
" - MeO MeO -
o 99 98
MeOH, reflux 0 o)
24 h : :
OH O - OH O =
32 33
O OH OH
MeO -
POP:
O OH °:

34

To a solution of compound 31b (14.1 mg, 23.2 umol) in MeOH (12 mL) was added silica gel
(1.25 g). After stirring for 24 h under reflux, the suspension was filtered by a glass filter, and
washed with EtOAc. The filtrate was concentrated and purified by silica gel column
chromatography (n-hexane/EtOAc = 5/1 — 3/1 — 1/1) to afford the compounds 32 (2.3 mg,

17%), 33 (1.8 mg, 13%) and 34 (3.7 mg, 25%).

O
4

13 6

MeO_y 5a_+\4a 12
OO 3

8 O,

) 9a 10a ] 2

OH O 7,

32: A yellow solid; [a]p? +53.2 (¢ 0.50, CHCL); IR (ATR) 3074, 2975, 2930, 2896, 1645, 1608,
1383, 1326, 1293, 1266, 1252, 1203, 1147, 1140, 1100, 1054, 991, 842, 821, 789, 741, 614 cm';
'H-NMR (CDCls, 500 MHz) & 1.35 (d, 3H, J = 6.2 Hz, H-12), 1.56 (d, 3H, J = 6.9 Hz, H-11),
2.22 (ddd, 1H, J=2.1 Hz, 10.2 Hz, 19.3 Hz, H-4), 2.72 (dd, 1H, J = 3.3 Hz, 19.3 Hz, H-4), 3.90
(s, 3H, H-13), 3.95-4.02 (m, 1H, H-3), 5.00 (dq, 1H, J=2.1 Hz, 6.9 Hz, H-1), 6.63 (d, 1H, J =
2.5 Hz, H-8), 7.18 (d, 1H, J = 2.5 Hz, H-6), 12.27 (s, 1H, OH-9); *C-NMR (CDClLs, 125 MHz)
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8 19.9 (C-11), 21.5 (C-12), 29.9 (C-4), 56.0 (C-13), 62.5 (C-3), 67.0 (C-1), 106.1 (C-8), 107.8
(C-6), 109.4 (C-9a), 133.3 (C-5a), 142.0 (C-4a), 146.8 (C-10a), 164.4 (C-9), 165.9 (C-7), 183.3
(C-5), 186.8 (C-10); HRMS (MALDI) caled for Ci6H60s [M]" m/z 288.0992; found m/z

288.0993; Mp 151-152 °C.

33: A yellow solid; [o]p?! —34.2 (c 0.50, CHCL); IR (ATR) 3511, 2981, 2920, 2855, 1635, 1610,
1568, 1443, 1386, 1302, 1263, 1206, 1145, 1107, 1081, 1062, 1044, 1030, 985, 875, 847, 787,
752,721, 647, 620, 529, 500, 473, 437 cm™'; '"H-NMR (CDCls, 500 MHz) § 1.41 (d, 3H, J=6.2
Hz, H-12), 1.62 (d, 3H, J = 6.8 Hz, H-11), 3.82 (d, 1H, J = 2.2 Hz, OH-4), 3.85-3.89 (m, 1H, H-
3),3.91 (s, 3H, H-13), 4.44 (brd, 1H, J = 8.0 Hz, H-4), 4.92 (brq, 1H, J = 6.8 Hz, H-1), 6.65 (d,
1H, J=2.5 Hz, H-8), 7.17 (d, 1H, J= 2.5 Hz, H-6), 12.16 (s, 1H, OH-9); 3C-NMR (CDCls, 125
MHz) § 18.6 (C-12), 19.2 (C-11), 56.1 (C-13), 67.16 (C-1), 67.17 (C-3), 67.8 (C-4), 106.4 (C-8),
108.5 (C-6), 109.4 (C-9a), 133.2 (C-5a), 141.2 (C-4a), 148.5 (C-10a), 164.6 (C-9), 166.2 (C-7),
185.4 (C-5), 186.6 (C-10); HRMS (MALDI) calcd for C16Hi606 [M]~ m/z 304.0941; found m/z

304.0950; Mp 128-129 °C.

O OH OH

13
5
MeO. ;7 5a N 12
2a V3
8 %a &0,
9 10 1

O OH N

34: A red solid; [a]p?! +14.3 (c 0.50, CHCL); IR (ATR) 3592, 2981, 2919, 2849, 1600, 1568,
1464, 1427, 1371, 1352, 1281, 1249, 1208, 1107, 1070, 1053, 1030, 958, 854, 792, 742, 596 cm™';
'H-NMR (CDCls, 500 MHz) & 1.46 (d, 3H, J = 6.8 Hz, H-12), 1.68 (d, 3H, J = 6.8 Hz, H-11),
3.80 (d, 1H, J=2.6 Hz, OH-4), 3.97 (s, 3H, H-13), 3.98-4.02 (m, 1H, H-3), 4.61 (dd, 1H, J=2.6
Hz, 7.9 Hz, H-4), 5.11 (q, 1H, J= 6.8 Hz, H-1), 6.22 (s, 1H, H-8), 12.99 (s, H, OH-5), 13.05 (s,

1H, OH-10); 3C-NMR (CDCls, 125 MHz) & 18.3 (C-11), 18.8 (C-12), 56.9 (C-13), 67.3 (C-3),
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67.7 (C-4), 67.8 (C-1), 108.8 (C-9a), 110.1 (C-8), 110.3 (C-5a), 135.3 (C-4a), 144.0 (C-10a),
156.3 (C-10), 159.9 (C-5), 160.7 (C-7), 179.8 (C-6 or 9), 185.8 (C-6 or 9); HRMS (EI) calcd for

C16H1607 [M]" m/z 320.0896; found m/z 320.0893; Mp 141-142 °C.

Silica gel-promoted conversion of uroleuconaphin B, (19) under reflux

o OH
HO d O
i | Y
silica ge ho.: O .OH
MeOH, reflux HO PN
36 h
20%
H :
OH O -
uroleuconaphin B, (19) uroleuconaphin B4 (15)

Yellow pigment 19 (15.3 mg, 26.4 umol) adsorbed on silica gel (418 mg) was suspended in
MeOH (15 mL). After stirring for 36 h under reflux, the suspension was filtered by a glass filter,
and washed with EtOAc. The filtrate was concentrated and purified by silica gel chromatography

(CHCI3/MeOH = 40/1 — 10/1) to afford the red pigment 15 (3.0 mg, 20%).

Silica gel-promoted redox interconversion of 33

O OH o}

O LIS
) MeOH, reflux o}
: 24 h :
OH O = OH O =
33 32
O OH OH
MeO :
09!
O OH °
34 65

diastereomer (1:1)
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To a solution of compound 33 (5.6 mg, 0.018 mmol) in MeOH (9.2 mL) was added silica gel
(0.99 g). After stirring for 24 h under reflux, the suspension was filtered by a glass filter, and
washed with EtOAc. The filtrate was concentrated and purified by silica gel chromatography (n-
hexane/EtOAc = 5/1 — 3/1 — 2/1) to afford the monomeric units 32 (0.2 mg, 4%), 33 (1.9 mg,
34%), 34 (0.4 mg, 7%), and biaryl product 65 (1.5 mg, 27%) as a 1:1 diastereomer mixture. These
diastereomers were separated by preparative TLC (n-hexane/EtOAc = 2/1x2).

The axial chirality of these diastereomers was determined by comparison with 'H-NMR data

obtained by the methylation of biaryl compound 49.

Methylation of biaryl compound 49

TMSCHN,

toluene/MeOH = 1/1
rt, 1h
54%

To a solution of biaryl compound 49 (3.8 mg, 6.5 umol) in toluene/MeOH (0.3 mL/0.3 mL)
was added trimethylsilyldiazomethane (0.6 M in n-hexane, 385 pL, 231 pumol) at room
temperature. After stirring for 1 h, the reaction was quenched by adding AcOH aqueous at this
temperature. The products were added water, and extracted with EtOAc (%3), and the combined
organic extracts were washed with brine, dried over MgSO4. Concentration and purification by
silica gel column chromatography (n-hexane/EtOAc = 2/1) afforded compound 65a (2.2 mg,

54%) as an orange solid.
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less polar (65a)

65a: An orange solid; [a]p?! +57.6 (¢ 0.09, CHCIs); IR (ATR) 3522, 2963, 2928, 2853, 1640,
1609, 1381, 1261, 1232, 1206, 1114, 1084, 1029, 799, 780, 760, 473, 444, 412 cm™'; 'H-NMR
(CDCls, 500 MHz) & 1.34 (d, 3H, J= 6.2 Hz, H-12), 1.42 (d, 3H, J = 6.0 Hz, H-12), 1.61 (d, 3H,
J=6.8Hz, H-11"), 1.62 (d, 3H, J = 6.8 Hz, H-11), 3.46 (d, 1H, J = 2.4 Hz, OH-4"), 3.80 (s, 3H,
H-13"), 3.81-3.86 (m, 5H, H-13, 3’, and OH-4), 3.89-3.92 (m, 1H, H-3), 4.26 (brd, 1H, J = 8.0
Hz, H-4"), 4.47 (brd, 1H, J = 8.0 Hz, H-4), 491 (q, 1H, J = 6.8 Hz, H-1°), 4.93 (q, 1H, J = 6.8
Hz, H-1), 6.75 (s, 1H, H-8"), 7.33 (s, 1H, H-8), 12.06 (s, 1H, OH-10), 12.91 (s, 1H, OH-9"); 13C-
NMR (CDCLs, 125 MHz) § 18.57 (C-12), 18.58 (C-12°), 19.0 (C-11 or 11°), 19.2 (C-11 or 117),
56.5 (C-13), 56.6 (C-13"), 66.9 (C-1), 67.1 (C-1°), 67.2 (C-3), 67.3 (C-3), 67.5 (C-4"), 67.8 (C-
4), 103.1 (C-8), 104.5 (C-8"), 109.7 (C-9’a), 110.2 (C-9a), 117.0 (C-6"), 119.4 (C-5a), 130.4 (C-
5°2), 1322 (C-5), 141.1 (C-4a), 141.9 (C-4’a), 147.2 (C-10a), 148.1 (C-10a), 160.4 (C-10),
163.4 (C-7), 164.3 (C-7°), 165.4 (C-9°), 185.5 (C-6 or 9), 185.6 (C-6 or 9), 187.1 (C-5°), 187.2
(C-10”); HRMS (MALDI) caled for C3H30012Na [M+Na]* m/z 629.1630; found m/z 629.1642;

Mp 66.8-67.0 °C.

more polar (65b)

65b: An orange solid; [a]p? —282 (c 0.07, CHCls); IR (ATR) 3522, 2930, 2855, 1642, 1609,
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1381, 1361, 1311, 1291, 1269, 1231, 1114, 1081, 1036, 794, 755, 432 cm'; 'H-NMR (CDCL,
500 MHz) & 1.34 (d, 3H, J= 6.0 Hz, H-12°), 1.43 (d, 3H, J = 6.0 Hz, H-12), 1.62 (d, 3H, J= 6.5
Hz, H-11"), 1.63 (d, 3H, J= 6.5 Hz, H-11), 3.42 (brs, 1H, OH-4"), 3.79 (s, 3H, H-13"), 3.81-3.86
(m, 5H, H-13, 3°, and OH-4), 3.88-3.93 (m, 1H, H-3), 4.28 (brd, 1H, J= 8.0 Hz, H-4"), 4.47 (brd,
1H, J= 8.0 Hz, H-4), 4.92 (q, 2H, J= 6.5 Hz, H-1 and 1"), 6.75 (s, 1H, H-8"), 7.31 (s, 1H, H-8),
12.07 (s, 1H, OH-10), 12.91 (s, 1H, OH-9’); *C-NMR (CDCls, 125 MHz) § 18.5 (C-12°), 18.6
(C-12), 19.1 (C-117), 19.3 (C-11), 56.5 (C-13), 56.6 (C-13), 66.8 (C-1 or 1°), 67.17 (C-1 or 1),
67.20 (C-3), 67.3 (C-3°), 67.5 (C-4"), 67.8 (C-4), 103.3 (C-8), 104.6 (C-8"), 109.7 (C-9°a), 110.4
(C-5a), 117.0 (C-6"), 119.5 (C-9a), 130.3 (C-5), 132.2 (C-5’a), 141.2 (C-4°a), 141.8 (C-4a), 147.3
(C-10’a), 148.1 (C-10a), 161.1 (C-10), 162.5 (C-7), 164.3 (C-7), 165.5 (C-9"), 185.6 (C-6 or 9),
185.7 (C-6 or 9), 187.1 (C-5" or 10°), 187.3 (C-5> or 10°); HRMS (MALDI) caled for

C32H30012Na [M+Na]" m/z 629.1630; found m/z 629.1616; Mp 105-106 °C.
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Preparation of N, N-diethylamide 72

(0] (0] (e}
HOQ)\OH BnBr, K,CO, B”O\dOBn AlMes, Et,NH B”O\Q)‘\ NEt,
DMF, 0 °C toluene, 100 °C
OH quant. OBn 93% OBn
3,5-dihydroxybenzoic acid 77 72

(1)

To a solution of 3,5-dihydroxybenzoic acid (71: 2.01 g, 13.0 mmol) in DMF (26 mL) were
successively added K>COs3 (10.8 g, 77.9 mmol) and BnBr (4.8 mL, 40 mmol) at room temperature.
After stirring for 24 h at this temperature, the reaction was quenched with 2 M aqueous HCI at
0 °C. The products were extracted with Et,O (x3) and the combined extracts were washed with
saturated aqueous NaHCOs3 and brine, and dried (Na;SO4). Concentration and purification by
silica gel column chromatography (n-hexane/EtOAc = 19/1 — 9/1) gave benzyl ester 77 (5.53 g,
quant) as a white solid.

To a solution of EtNH (5.2 mL, 50 mmol) in toluene (15 mL) was added AlMes (2.0 M in n-
hexane, 13.7 mL, 27.4 mmol) at 0 °C. To this mixture was added a solution of benzyl ester 77
(5.53 g, 13.0 mmol) in toluene (20 mL) at room temperature. After stirring for 10 h under reflux,
the mixture was cooled to 0 °C and then carefully poured into ice-cold 2 M aqueous HCI. The
products were extracted with EtOAc (x3) and the combined extracts were washed with H>O and
brine, and dried (Na2SO4). Concentration and purification by silica gel column chromatography

(n-hexane/Et,O = 7/3 — 1/1) gave diethylamide 72 (4.70 g, 93%) as a white solid.

0]

BnO\Q)J\OBn

OBn

77: A white solid; IR (ATR) 1715, 1596, 1455, 1347, 1297, 1220, 1164, 1030, 771, 696 cm™!; 'H-
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NMR (CDCls, 500 MHz) & 5.06 (s, 4H), 5.34 (s, 2H), 6.80 (t, 1H, J = 2.2 Hz), 7.30-7.44 (m,
17H); *C-NMR (CDCls, 125 MHz) § 66.8, 70.3, 107.2, 108.5, 127.6, 128.11, 128.13, 128.2,
128.57, 128.61, 132.0, 135.9, 136.4, 159.7, 166.1; HRMS (ESI) calcd for CasH2404Na [M+Na]*

m/z 447.1572; found m/z 447.1565; Mp 65-66 °C.

(0]

B
nO\Q)‘\NEtZ

OBn

72: A white solid; IR (ATR) 1643, 1594, 1509, 1429, 1295, 1220, 1160, 1037, 773 cm™'; '"H-NMR
(CDCLs, 500 MHz) & 1.02 (brs, 3H), 1.2 (brs, 3H), 3.21 (brs, 2H), 3.51 (brs, 2H), 5.04 (s, 4H),
6.58 (d, 2H, J = 2.3 Hz), 6.63 (t, 1H, J = 2.3 Hz), 7.30-7.42 (m, 10H); '>*C-NMR (CDCl;, 125
MHz) § 12.8, 14.2, 39.1, 43.2,70.2, 103.0, 105.4, 127.5, 128.0, 128.6, 136.6, 139.1, 159.9, 170.7;

HRMS (ESI) calcd for C25sH2sNO3 [M+H]* m/z 390.2069; found m/z 390.2072; Mp 90.6-91.1 °C.

Preparation of aldehyde 73

O o]
t-BuLi (1.2 equiv)
BnO\Q)LNEtZ TMEDA (1.2 equiv) B”O\@L NEt,
2-Me THF, -90 °C;
then CHO
OBn 4-formylmorpholine OBn

72 73

71%

To a mixture of amide 72 (772 mg, 1.98 mmol) and TMEDA (360 pL, 2.40 mmol) in 2-MeTHF
(20 mL) was added #-BuLi (1.60 M in pentane, 1.5 mL, 2.4 mmol) at —90 °C. After stirring for 5
min, 4-formylmorpholine (2.4 mL, 24 mmol) was added and the mixture was stirred for 10 min
at this temperature. After further stirring for 2 h at rt, the reaction was quenched with H>O. The
products were extracted with EtOAc (x3) and the combined extracts were washed with brine, and
dried (NaxSO4). Concentration and purification by silica gel column chromatography (-

hexane/EtOAc = 3/1 — 3/2) gave aldehyde 73 (585 mg, 71%) as a white solid.
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73: A white solid; IR (ATR) 1678, 1592, 1427, 1323, 1219, 1163, 1054, 773, 696 cm™!; 'H-NMR
(CDCl3, 500 MHz) 6 0.93 (t, 3H, J= 7.1 Hz), 1.31 (t, 3H, J= 7.1 Hz), 3.04 (q, 2H, J = 7.1 Hz),
3.56 (brs, 2H), 5.09 (s, 2H), 5.13 (s, 2H), 6.42 (d, 1H, J= 1.8 Hz), 6.59 (d, 1H, /= 1.8 Hz), 7.31-
7.42 (m, 10H), 10.39 (s, 1H); *C-NMR (CDCl3, 125 MHz) & 12.0, 13.4, 38.5, 42.2, 70.4, 70.7,
100.1, 105.6, 115.5, 127.2, 127.4, 128.3, 128.4, 128.7, 135.5, 141.2, 163.1, 164.4, 169.5, 187.4;
HRMS (ESI) calcd for C26H27NO4Na [M+Na]* m/z 440.1838; found m/z 440.1836; Mp 112—

113 °C.

Preparation of sulfonylphthalide 38

o PhSO,Na 0
BnO\:ij\NE,[2 (3 equiv) Bno\©:(l<o
1M H,S0,
CHO toluene, 80 °C

BnO 89% BnO SO,Ph
73 ° 38

To a mixture of aldehyde 73 (216 mg, 0.517 mmol) in 1 M aqueous H>SO4 (5.2 mL) and
toluene (5.2 mL) was added PhSO;Na (255 mg, 1.55 mmol). The mixture was stirred at 80 °C
for 9 h and then diluted with EtOAc and saturated aqueous NaHCO3. The products were extracted
with EtOAc (x3) and the combined extracts were washed with brine, and dried (NaxSOs).
Concentration and purification by silica gel column chromatography (n-hexane/EtOAc = 4/1)

gave sulfonylphthalide 38 (225 mg, 89%) as a white solid.

38: A white solid; IR (ATR) 2987, 1792, 1621, 1502, 1449, 1382, 1321, 1143, 1010, 837, 737,
688, 583 cm'; 'H-NMR (CDCls, 500 MHz) § 5.06 (s, 2H), 5.18 (d, 1H, J = 12.1 Hz), 5.25 (d,
1H, J=12.1 Hz), 6.25 (s, 1H), 6.88 (d, 1H, J=2.0 Hz), 6.93 (d, 1H, J= 2.0 Hz), 7.34-7.45 (m,
8H), 7.47-7.52 (m, 2H), 7.56-7.59 (m, 2H), 7.62-7.66 (m, 1H), 7.85-7.89 (m, 2H); 3C-NMR
(CDCLs, 125 MHz) § 70.8, 71.0, 90.2, 101.2, 107.7, 120.6, 127.3, 127.6, 128.3, 128.5, 128.7,
128.8, 129.1, 129.4, 129.8, 134.6, 135.4, 135.45, 135.49, 155.8, 163.2, 167.6; HRMS (ESI) calcd

for C2sH2206NaS [M+Na]" m/z 509.1035; found m/z 509.1039; Mp 155-156 °C.
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Preparation of cyanophthalide 39

0 0
TMSCN (1.5 equiv)
BnO NEt, KCN(5mol%)  °"© 5
CHO 18-crown-6 (10 mol%)
CH,Cly, rt; CN
BnO then AcOH, rt BnO
73 87% 39

To a solution of aldehyde 73 (2.01 g, 4.81 mmol) in CH>Cl, (20 mL) were successively added
TMSCN (900 pL, 7.21 mmol), KCN (80.1 mg, 1.23 mmol), and 18-crown-6 (122 mg, 0.46 mmol)
at 0 °C. After stirring for 15 h at room temperature, AcOH (18 mL) was added and the mixture
was further stirred for 8 h. The reaction was quenched with 2 M aqueous NaOH and the products
were extracted with EtOAc (%3) and the combined extracts were washed with brine, and dried
(MgS0s4). Concentration and purification by silica gel column chromatography (n-hexane/EtOAc

= 7/3) gave cyanophthalide 39 (1.55 g, 87%) as a white solid.

39: A white solid; IR (ATR) 2359, 1780, 1610, 1506, 1328, 1220, 1166, 1093, 1009, 843, 772,
696 cm™'; "TH-NMR (CDCls, 500 MHz) & 5.09 (s, 2H), 5.16 (d, 1H, J= 11.8 Hz), 5.21 (d, 1H, J
= 11.8 Hz), 5.93 (s, 1H), 6.90 (d, 1H, J= 1.9 Hz), 7.03 (d, 1H, J= 1.9 Hz), 7.34-7.46 (m, 10H);
13C-NMR (CDCls, 125 MHz) § 64.1, 70.9, 71.0, 101.0, 107.6, 113.3, 122.8, 127.0, 127.4, 127.6,
128.5, 128.6, 128.8, 128.9, 134.9, 135.4, 154.2, 163.2, 167.6; HRMS (ESI) calcd for C2:H16NO4

[M-H] m/z 370.1079; found m/z 370.1083; Mp 139.8-140.4 °C.

Preparation of allyl acetate 76

OH
OAc OAc

HO\C( 1) Ac,0, HCIO, ACO TiCly, AlMe, @/
HO™ o 2) HBr/AcOH « 0 CH,Cl, ; o]

W 3) Zn, NaH,PO, ag. -78°C =+ 0°C
85% (3 steps) 94%
D-fucose 80 76
(79)
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To a suspension of D-fucose (79; 5.31 g, 32.4 mmol) in Ac;O (25 mL) was added one drop of
HCIO4 (60%) at 0 °C. After stirring at room temperature for 2 h, the mixture was concentrated in
vacuo to give the corresponding peracetate as a colorless syrup. The peracetate was dissolved in
CHCl, (15 mL), which was treated with HBr (30% in AcOH, 10 mL). After stirring at room
temperature for 12 h, the mixture was diluted with CH>Cl> and H>O and then neutralized with
saturated aqueous NaHCOs. The organic phase was separated and concentrated in vacuo to give
the bromide as a brown oil. To the mixture of the bromide in EtOAc (99 mL) and saturated aqueous
NaH>POs4 (49 mL) was added Zn (21 g) and it was vigorously stirred at room temperature for 19 h.
The mixture was passed through a Celite® pad and the products were extracted with EtOAc (x3)
and the combined extracts were successively washed with saturated aqueous NaHCO3 and brine,
and dried (Na2SO4). Concentration and purification by silica gel column chromatography (n-
hexane/EtOAc = 4/1) gave diacetate 80 (5.88 g, 85% over 3 steps) as a colorless oil.

To a solution of diacetate 80 (2.01 g, 9.36 mmol) in CH>Cl, (46 mL) was added TiCls (1.2 mL,
11 mmol) at —78 °C. After stirring for 15 min, AIMe3 (2.0 M in n-hexane, 7.0 mL, 14 mmol) was
added to this mixture. After gradual warming to 0 °C, the mixture was stirred for 5 h. The reaction
was carefully quenched by saturated aqueous NaHCO3 and the mixture was filtered through a
Celite® pad. The products were extracted with CH>Cl, (x3) and the combined extracts were
washed with brine, and dried (Na2SOs). Concentration and purification by silica gel column

chromatography (pentane/Et:O = 4/1) gave allyl acetate 76 (1.49 g, 94%) as a pale yellow oil.

OAc

AcO,
0

80: A colorless oil; [a]p?> —14.0 (c 1.03, CHCl3); IR (ATR) 1740, 1650, 1369, 1281, 1029, 926,
803, 731, 625 cm™!; 'TH-NMR (CDCl3, 500 MHz) & 1.28 (d, 3H, J = 6.7 Hz), 2.02 (s, 3H), 2.16
(s, 3H), 4.22 (brq, 1H, J= 6.7 Hz), 4.64 (brd, 1H, J= 6.3 Hz), 5.29 (d, 1H, J=4.7 Hz), 5.58 (dd,
1H, J= 1.5 Hz, 4.7 Hz), 6.47 (dd, 1H, J= 1.5 Hz, 6.3 Hz); *C-NMR (CDCl3, 125 MHz) § 16.5,
20.7, 20.8, 65.0, 66.2, 71.5, 98.2, 146.1, 170.4, 170.7; HRMS (MALDI) calcd for C10H14OsNa

[M+Na]* m/z 237.0733; found m/z 237.0733.
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OAc

76: A pale yellow oil; [a]p** =377 (c 1.02, CHCI3); IR (ATR) 1729, 1367, 1232, 1054, 917, 823,
739 emr!; TH-NMR (CDCls, 500 MHz) § 1.20 (d, 3H, J = 6.5 Hz), 1.26 (d, 3H, J = 6.9 Hz), 2.11
(s, 3H), 4.05 (dq, 1H, J= 2.8 Hz, 6.5 Hz), 4.43 (ddq, 1H,J = 0.65 Hz, 5.1 Hz, 6.9 Hz), 4.9 (ddd,
1H, J= 2.1 Hz, 2.8 Hz, 3.1 Hz), 5.87 (ddd, 1H, J=2.1 Hz, 5.1 Hz, 10.2 Hz), 5.99 (ddd, 1H, J =
0.65 Hz, 3.1 Hz, 10.2 Hz); 3C-NMR (CDCls, 125 MHz) & 16.1, 18.2, 21.0, 65.4, 66.2, 68.5,

121.7, 136.2, 170.9; HRMS (CI) calcd for CoH ;503 [M+H]" m/z 171.1016; found m/z 171.1016.

Preparation of the optically active enone 40

OAc O

LiOH-H,0, 50 °C;
l (0] then IBX | O

DMSO, H,0, 60 °C

71%
76 40

To a mixture of acetate 76 (376 mg, 2.21 mmol) in DMSO (10 mL) and H>O (1 mL) was added
LiOH-H>0O (278 mg, 6.63 mmol). After stirring at 50 °C for 5 h, the mixture was cooled to room
temperature and then IBX (1.87 g, 6.69 mmol) was added. The mixture was stirred at 60 °C for
24 h and the reaction was quenched with 2 M aqueous Na»S»03 at 0 °C. The products were
extracted with CH>Cl, (x3) and the combined extracts were successively washed with H>O and
brine, and dried (Na>SO4). Concentration and purification by silica gel column chromatography

n-hexane/ EtoO = 4/1) gave enone 40 (199 mg, 71%) as a colorless oil.
( )g ( g, )

40: A colorless oil; [o]p?' —112 (c 1.07, CHCL); IR (ATR) 2980, 1689, 1449, 1373, 1232, 1096,
1023, 818, 736 cm'; '"H-NMR (CDCls, 500 MHz) & 1.38 (d, 3H, J = 7.0 Hz), 1.41 (d, 3H, J =
7.0 Hz), 4.34 (q, 1H, J = 7.0 Hz), 4.61 (ddq, 1H, J = 1.3 Hz, 2.3 Hz, 7.0 Hz), 6.22 (dd, 1H, J =

1.3 Hz, 10.4 Hz), 6.92 (dd, 1H, J = 2.3 Hz, 10.4 Hz); *C-NMR (CDCls, 125 MHz) § 15.1, 18.7,
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65.8,73.2,124.5,151.8, 197.1; HRMS (EI) calcd for C7H1002 [M]" m/z 126.0675; found m/z 126.0689.

Synthesis of hydroquinone 70

0]

- @/
BnO ET
o — - 7 8%
LHMDS
SO,Ph THF
BnO 78 °C— 0 °C OH O
38 BnO
— IS
o BnO OH °:
BnO 10 70
0 96%
+BuOLi
B0 CN THF
—78°C— 0°C

39

From sulfone 38: To a solution of sulfone 38 (513 mg, 1.06 mmol) in THF (18 mL) was added
LHMDS (1.0 M in THF, 3.0 mL, 3.0 mmol) at —78 °C. After stirring for 30 min, a solution of
enone 40 (126 mg, 1.00 mmol) was added dropwise at this temperature. The mixture was
gradually warmed to room temperature and stirring was continued for 6 h. The reaction was
quenched with saturated aqueous NH4Cl at 0 °C. The products were extracted with EtOAc (x4)
and the combined extracts were washed with brine, and dried (MgSO4). Concentration and
purification by silica gel column chromatography (n-hexane/acetone = 9/1) gave hydroquinone
70 (369 mg, 78%) as a yellow solid.

From cyanide 39: To a solution of ~BuOH (320 pL, 3.35 mmol) in THF (4 mL) was added n-
BuLi (1.59 M in n-hexane, 1.9 mL, 3.0 mmol) at 0 °C. After stirring for 10 min, cyanophthalide
39 (411 mg, 1.11 mmol) was added at —78 °C in one portion and the mixture was stirred for 15
min. A solution of enone 40 (140 mg, 1.11 mmol) in THF (1 mL) was then added dropwise and
the mixture was gradually warmed to room temperature. After further stirring for 2 h, the reaction
was quenched with saturated aqueous NH4Cl at 0 °C. The products were extracted with EtOAc

(x4) and the combined extracts were washed with brine, and dried (MgSQO4). Concentration and
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purification by silica gel column chromatography (n-hexane/EtOAc = 9/1) gave hydroquinone

70 (501 mg, 96%) as a yellow solid.

70: A yellow solid; [a]p? —20.1 (c 0.45, CHCL:); IR (ATR) 3378, 3016, 1617, 1582, 1365, 1219,
1145, 966, 773, 696 cm™'; 'H-NMR (CDCLs, 500 MHz) & 1.52 (d, 3H, J = 6.6 Hz), 1.60 (d, 3H,
J=6.7Hz), 4.67 (q, IH, J= 6.6 Hz), 5.18 (s, 2H), 5.21 (s, 2H), 5.41 (q, 1H, J= 6.7 Hz), 6.85 (s,
1H), 7.33-7.51 (m, 11H), 8.79 (s, 1H), 12.75 (s, 1H); 3C-NMR (CDCL, 125 MHz) 5 16.3, 17.5,
67.3,69.4,70.4,72.0,97.3,103.7, 108.1, 115.5, 119.0, 126.5, 127.9, 128.1, 128.3, 128.7, 129.11,
129.14, 134.6, 136.3, 139.6, 153.2, 156.0, 156.6, 203.1; HRMS (MALDI) calcd for C29HasOsNa

[M+Na]" m/z 493.1622; found m/z 493.1607; Mp 171-172 °C.

Synthesis of monomeric unit 41

OH O O OH O OMOM
B”O\”é/ 1) NaBH, BnO : i-PrzmgtMgllwAP BnO :
OO O 2caAN O‘ O CHuCl,, 0°C - 1t O‘ O
BnO OH : 98% (2 steps) BnhO O : quant. BnhO O :
70 91 4

To a suspension of hydroquinone 70 (482 mg, 1.03 mmol) in CH2Cl» (12 mL) and MeOH (12
mL) was added NaBH4 (89.0 mg, 2.35 mmol) at 0 °C. After stirring for 20 min at this temperature,
the reaction was quenched with 1 M aqueous HCI. The products were extracted with CH>Cl, (%3)
and the combined extracts were washed with brine, and dried (MgSOs). After concentration, the
crude alcohol was diluted with MeCN (18 mL) and H>O (2 mL) and then CAN (1.27 g, 2.31
mmol) was added at 0 °C. After stirring for 30 min at this temperature, the mixture was diluted
with H>O. The products were extracted with CH>Cl> (%3) and the combined extracts were washed
with brine, and dried (MgSOs). Concentration and then and purification by silica gel column
chromatography (n-hexane/acetone = 4/1) gave naphthoquinone 91 (471 mg, 98% over 2 steps)
as a yellow solid.

To a solution of naphthoquinone 91 (1.0 g, 2.1 mmol) in CH2Cl> (25 mL) was successively
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added N,N-diisopropylethylamine (3.8 mL, 22 mmol), DMAP (260 mg, 2.12 mmol) and MOMCI
(800 pL, 10.5 mmol) at 0 °C and, allowed to warm to room temperature. After stirring for 3 h at
this temperature, the reaction was quenched by adding saturated aqueous NH4Cl. The products
were extracted with EtOAc (x3), and combined organic extracts were washed with brine, dried
(MgS0s4). Concentration and then and purification by silica gel column chromatography (n-

hexane/EtOAc = 3/1) gave MOM ether 41 (1.1 g, quant.) as a yellow solid.

O OH

BnO
98¢
BhO O :

91: A yellow solid; [a]p? —24.7 (c 0.72, CHCL:); IR (ATR) 3539, 2891, 1647, 1592, 1437, 1314,
1270, 1167, 1060, 822, 733, 694, 630, 503 cm™'; 'H-NMR (CDCls, 500 MHz) & 1.40 (d, 3H, J =
6.2 Hz), 1.60 (d, 3H, J = 6.8 Hz), 3.79 (brs, 1H), 3.88 (dq, 1H, J = 8.0 Hz, 6.2 Hz), 4.4 (brd, 1H,
J=8.0 Hz), 4.97 (q, 1H, J = 6.8 Hz), 5.15 (s, 2H), 5.21 (s, 2H), 6.83 (d, 1H, J = 2.2 Hz), 7.30—
7.43 (m, 9H), 7.50-7.54 (m, 2H); '*C-NMR (CDCls, 125 MHz) § 18.6, 19.2, 67.2, 67.57, 67.61,
70.7, 70.9, 104.6, 106.7, 114.8, 126.6, 127.6, 128.0, 128.6, 128.7, 128.8, 135.4, 135.5, 135.8,
138.1, 149.5, 160.8, 163.6, 181.1, 186.2; HRMS (ESI) caled for CagHasOsNa [M+Na]* m/z

493.1627; found m/z 493.1632; Mp 186187 °C.

O OMOM

BnO
989

BnO O

41: A yellow solid; [a]p? +121.5 (¢ 1.00, CHCls); IR (ATR) 2891, 1655, 1596, 1564, 1323, 1271,
1174, 1106, 1063, 1040, 1005, 970, 734, 694 cm™'; 'H-NMR (CDCls, 400 MHz) & 1.23 (d, 3H, J
= 6.8 Hz), 1.60 (d, 3H, J= 6.8 Hz), 3.41 (s, 3H), 4.27 (dq, 1H, J = 3.2 Hz, 6.8 Hz), 4.47 (dd, 1H,
J=1.2Hz, 3.2 Hz), 478 (d, 1H, J = 6.4 Hz), 4.89 (dq, 1H, J = 1.2 Hz, 6.8 Hz), 5.01 (d, 1H, J =
6.4 Hz), 5.16 (s, 2H), 5.22 (brs, 2H), 6.82 (d, 1H, J = 2.4 Hz), 7.30-7.54 (m, 11H); *C-NMR
(CDCls, 100 MHz) & 16.5, 20.2, 55.9, 64.4, 69.6, 70.0, 70.6, 70.8, 97.1, 104.3, 106.4, 115.2,
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126.6,127.6,127.9,128.5,128.73, 128.79, 135.4,135.8, 136.0, 136.1, 149.7, 160.5, 163.5, 181.8,

183.7; HRMS (ESI) calcd for C31H3007 [M]* m/z 514.1991; found m/z 514.2015; Mp 135-136 °C.

Preparation of o-toluate 35

OH O MeO O
o O NaH, n-BuLi 1) i-Pr,NEt, MOMCI
M dOMe /@iJ\OMe
OMe THF 2) NaH, Mel
0°C > reflux ~ HO . MOMO
Methyl acetoacetate 82 84% (3 steps) s

To a suspension of NaH (2.24 g, 55.6 mmol, 60% in mineral oil) and THF (80 mL) was added
methyl acetoacetate (81; 4.0 mL, 37 mmol) at 0 °C, and allowed to warm to room temperature
over 20 min. The solution was then cooled to —78 °C, n-BuLi (1.60 M in n-hexane, 22.0 mL, 35.2
mmol) was added and allowed to warm to room temperature. After stirring for 17 h, the solution
was further refluxed for 12 h. After cooling to 0 °C, the reaction was carefully quenched with
MeOH (40 mL), then acidified to pH 3-4 with AcOH. After 18 h, the reaction mixture was
concentrated under reduced pressure to remove AcOH. The products were extracted with EtOAc
(x4) and combined organic extracts were dried (MgSOs). Concentration and purification by silica
gel column chromatography (n-hexane/EtOAc = 3/1) to afford crude resorcinol 82 as a yellow
solid (3.97 g). To a solution of crude resorcinol in CH>Cl» (220 mL) was successively added N, V-
diisopropylethylamine (9.5 mL, 54 mmol) and MOMCI (1.7 mL, 22 mmol) at 0 °C, and allowed
to warm to room temperature. After stirring for 15 min at this temperature, the reaction was
quenched by adding saturated aqueous NaHCOs. The products were extracted with EtOAc (%3),
and combined organic extracts were washed with brine, dried (MgSOs4). The volatiles were
removed in vacuo to give MOM ether (4.10 g). To a solution of crude material in THF (78 mL)
was added NaH (1.40 g, 36.2 mmol, 60% in mineral oil) portionwise at 0 °C. After stirring for
30 min at this temperature, Mel (4.0 mL, 63 mmol) was added. And allowed to warm to room
temperature. After stirring for 24 h, the reaction was quenched by adding water. The products
were extracted with EtOAc (x3), and combined organic extracts were dried (MgSOs).

Concentration and purification by silica gel column chromatography (n-hexane/EtOAc = 20/1
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— 10/1 — 5/1) to afford o-toluate 35 (3.74 g, 84%, 3 steps) as a pale yellow oil.

OH O

/@i‘\we
HO

Recrystallization from diethyl ether gave 82 as white powders;

IR (ATR) 3733, 1650, 1613, 1577, 1454, 1379, 1324, 1257, 1211, 1149, 1080, 1064, 1018, 927,
699, 669, 606, 578, 529 cm™!; TH-NMR (CDCls, 400 MHz) & 2.51 (s, 3H), 3.47 (s, 3H), 3.93 (s,
3H), 5.17 (s, 2H), 6.38 (d, 1H, J = 2.4 Hz), 6.49 (d, 1H, J = 2.4 Hz), 11.68 (s, 1H); 3C-NMR
(CDCls, 100 MHz) & 24.4, 51.9, 56.3, 93.8, 101.4, 106.2, 111.8, 143.3, 161.4, 165.1, 172.1;

HRMS (CI) calcd for C11H140s ([M*]) m/z 226.0841, found m/z 226.0850; Mp 59-60 °C.

OMe O
OMe
MOMO

35: A pale yellow oil; IR (ATR) 2951, 1726, 1589, 1422, 1406, 1330, 1267, 1229, 1212, 1187,
1145, 1091, 1075, 1019, 962, 923, 791, 772, 757, 658, 617, 586 cm™!; 'TH-NMR (CDCls, 400
MHz) & 2.27 (s, 3H), 3.47 (s, 3H), 3.79 (s, 3H), 3.88 (s, 3H), 5.16 (s, 2H), 6.44 (d, IH, J=2.4
Hz), 6.48 (d, 1H, J = 2.4 Hz); 3C-NMR (CDCl;, 100 MHz) & 19.8, 52.1, 55.8, 56.0, 94.2, 97.6,
109.1, 117.2, 138.1, 157.9, 158.9, 168.6; HRMS (CI) calcd for C12H1605 [M]" m/z 240.0997;

found m/z 240.0994.

Preparation of naphthopyranone 84

0]

(@]
MeO O EJ;K MeO OH O MeO OH O
rac- DDQ
LDA, DMPU benzene, rt
MOMO MOMO

MOMO THF, =78 °C — rt G
35 68% 83 98% 84
8.2:1d.r.

To a solution of N,N-diisopropylamine (4.4 mL, 32 mmol) in THF (52 mL) was added n-BuLi
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(1.33 M in n-hexane, 22.0 mL, 29.2 mmol) at 0 °C. After stirring for 20 min, the mixture was
cooled to =78 °C, and then a solution of o-toluate 35 (2.93 g, 12.2 mmol) in THF (15 mL) was
added dropwise. After stirring for 20 min, DMPU (3.0 mL, 24 mmol) was added. And the mixture
was further stirred for 20 min at this temperature, a solution of enone 36 (1.50 g, 13.4 mmol) in
THF (15 mL) was added dropwise. The mixture was warmed to room temperature gradually and
stirred for 16 h. The reaction was carefully quenched by pouring into ice-cold saturated aqueous
NH4Cl and the products were extracted with EtOAc (x3). The combined organic extracts were
washed with brine, dried (MgSO4). Concentration and purification by silica gel column
chromatography (n-hexane/EtOAc = 4/1) to afford compound 83 (2.66 g, 68%) as white solids.
To a solution of compound 83 (1.78 g, 5.56 mmol) in toluene (140 mL) was added DDQ (1.52 g,
6.70 mmol) at room temperature. After stirring for 2 h, the reaction was quenched by adding
saturated aqueous NaHCO;. The products were extracted with EtOAc (x7), and combined
organic extracts were washed with brine, dried (MgSO4). Concentration and purification by silica
gel column chromatography (n-hexane/EtOAc = 2/1) to afford naphthopyranone 84 (1.73 g, 98%)

as a white powder.

MeO OH O

MOMO

H
8.2:1dr.

83: A white solid; IR (ATR) 3734, 2938, 2905, 2842, 1990, 1971, 1598, 1559, 1459, 1428, 1398,
1370, 1357, 1314, 1295, 1273, 1213, 1188, 1166, 1146, 1128, 1091, 1076, 1046, 1014, 973, 916,
895, 843, 822, 782, 756, 689, 668, 656, 632, 598, 566, 542, 518, 506 cm™'; 'H-NMR (CDCls, 400
MHz) § 1.35 (d, 3H, J = 6.8 Hz), 1.84-1.95 (m, 2H), 2.51 (t, 1H, J = 14.8 Hz), 2.64 (dd, 1H, J =
14.8 Hz, 4.4 Hz), 2.84-2.93 (m, 1H), 3.49 (s, 3H), 3.90 (s, 3H), 4.72-4.79 (m, 1H), 5.20 (s, 2H),
6.51 (s, 1H), 6.54 (s, 1H); 3C-NMR (CDCLs, 100 MHz) § 19.7, 26.1, 33.6, 37.1, 56.1, 56.2, 74.1,
93.5,94.0,99.5, 107.1, 112.5, 143.8, 160.3, 160.4, 170.1, 171.9; HRMS (CI) caled for Ci7H2006

[M]" m/z 320.3410; found m/z 320.1265; Mp 127.3-127.5 °C.
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OMe OH O

MOMO

84: A white powder; IR (ATR) 2964, 2194, 2178, 2157, 2042, 1639, 1608, 1577, 1464, 1433,
1387, 1373, 1356, 1338, 1292, 1275, 1254, 1244, 1226, 1202, 1183, 1164, 1148, 1129, 1114,
1077, 988, 936, 916, 866, 762, 651, 593, 581, 565, 549, 535, 515 cm’!; 'H-NMR (CDCls, 400
MHz) § 1.52 (d, 3H, J = 6.0 Hz), 2.95-2.97 (m, 2H), 3.52 (s, 3H), 4.00 (s, 3H), 4.67 (ddq, 1H, J
= 15.2 Hz, 11.6 Hz, 6.0 Hz), 5.28 (s, 2H), 6.54 (d, 1H, J=2.4 Hz), 6.81 (d, 1H, J=2.4 Hz), 6.85
(s, 1H), 13.18 (s, 1H); 3C-NMR (CDCls, 100 MHz) § 20.7, 35.0, 56.2, 56.3, 75.7, 94.2, 98.6,
100.8, 102.0, 111.0, 115.4, 134.1, 141.2, 159.1, 160.6, 164.0, 171.1; HRMS (MALDI) calcd for

C17H1806 [M]* m/z 318.1103; found m/z 318.1096; Mp 125.2-125.8 °C.

Preparation of lactol 86

MeO OH O MeO BnO OH

1) BnBr, K2003
O O
el o
MOMO MOMO

53% (2 steps)

86
2.8:1d.r.

84

To a solution of naphthopyranone 84 (158 mg, 0.497 mmol) in acetone (4 mL) were
successively added potassium carbonate (277 mg, 2.00 mmol) and benzyl bromide (180 pL, 1.52
mmol). After refluxing for 24 h, the reaction mixture was diluted with water, and the products
were extracted with EtOAc (x3). The combined organic extracts were washed with brine and
dried (MgSO0s), and concentration. To a solution of crude benzyl ether in CH>Cl> (6 mL) was
added DIBAL (0.94 M in n-hexane, 0.58 mL, 0.55 mmol) dropwise at —78 °C. After stirring for
4 h at this temperature, the reaction was quenched by adding saturated aqueous potassium sodium
tartrate and the mixture was vigorously stirred for 1 h at room temperature. The products were
extracted with CH>Cl, (x5). The combined organic extracts were dried (MgSQs4), and the volatiles
were removed in vacuo. The residue was purified by silica gel column chromatography (n-
hexane/EtOAc = 8/1 — 5/1) to afford the lactol 86 (53.7 mg, 73%) as pale yellow solids.
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Recrystallization from n-hexane/EtOAc gave 86 as white granulated solids.

86: A pale yellow solid; IR (ATR) 3361, 2926, 1983, 1742, 1621, 1576, 1497, 1439, 1379, 1335,
1286, 1252, 1208, 1148, 1113, 1084, 1058, 1044, 1023, 983, 938, 918, 864, 830, 783, 753, 696,
659, 625, 596, 570, 559, 545, 534, 524 cm™!; "H-NMR (CDCl3, 400 MHz) § 1.37 (d, 3H, J= 6.4
Hz), *¥2.15-2.19 (m, 1H), *¥2.45-2.52 (m, 1H), 2.72-2.88 (m, 2H), 2.95 (brs, 1H), *3.52 (s, 3H),
3.53 (s, 3H), *3.67 (s, 3H), 3.87 (s, 3H), 4.47-4.54 (m, 1H), 4.95 (d, 1H, J = 10.4 Hz), 5.16 (d,
1H, J=10.4 Hz), 5.26 (s, 2H), 6.40 (brs, 1H), *6.44 (d, 1H, J=2.0 Hz), 6.54 (d, 1H, J=2.0 Hz),
*6.89 (d, 1H, J=2.0 Hz), 6.91 (d, 1H, J=2.0 Hz), 7.14 (s, 1H), 7.31-7.44 (m, 3H), 7.51-7.55
(m, 2H); 1*C-NMR (CDCl3, 100 MHz) 8 21.4, 35.4, 55.8,56.2, 62.8,76.6, 89.5,94.3,98.7, 101.8,
115.1, 122.4, 124.5, 127.6, 127.7, 128.4, 133.9, 137.6, 138.1, 152.8, 155.6, 157.1; HRMS (CI)
calcd for C24H2606 [M]" m/z 410.1729; found m/z 410.1728.

The signals marked with an asterisk (*) were assigned to the minor diastereomer.

Preparation of compound 69

MeO BnO OH AlMeg MeO BnO
BF5.OFEt,
0] o
99 90¢;
MOMO -78°C —» 0°C MOMO

84%

86 69
2.8:1dr. single diastereomer

To a solution of lactol 86 (519 mg, 1.26 mmol) in CH>Cl, (8 mL) were successively added
BF3-OEt; (315 pL, 2.51 mmol) and AlMes (2.0 M in toluene, 1.9 mL, 3.8 mmol) at —78 °C. The
mixture was gradually warmed to 0 °C and stirred for 2 h. The reaction was carefully quenched
by adding saturated aqueous NaHCO; and the products were extracted with CH2Clz (x3). The
combined organic extracts were dried (MgSO4). Concentration and purification by silica gel
column chromatography (n-hexane/EtOAc = 10/1) to afford the product 69 (430 mg, 84%) as a

pale yellow oil. Recrystallization from n-hexane/EtOAc gave 69 as white granulated solids.
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69: A white solid; IR (ATR) 2968, 2929, 1496, 1408, 1254, 1194, 666, 627, 563, 532, 511 cm™';
'H-NMR (CDCls, 600 MHz) & 1.33 (d, 3H, J = 6.0 Hz), 1.62 (d, 3H, J = 6.6 Hz), 2.73-2.78 (m,
1H), 2.84-2.87 (m, 1H), 3.52 (s, 3H), 3.86 (s, 3H), 4.14 (ddq, 1H, J = 15.6 Hz, 3.6 Hz, 6.0 Hz),
4.74 (d, 1H, J = 10.8 Hz), 5.08 (d, 1H, J = 10.8 Hz), 5.25-5.28 (m, 2H), 5.32 (q, 1H, J= 6.6 Hz),
6.52 (d, 1H, J=2.4 Hz), 6.90 (d, 1H, J = 2.4 Hz), 7.24 (s, 1H), 7.33-7.44 (m, 3H), 7.50-7.51 (m,
2H); *C-NMR (CDCL, 150 MHz) § 20.9, 21.9, 36.0, 55.8, 56.1, 62.7, 69.1, 76.5, 94.9, 98.6,
101.9, 115.2, 122.7, 127.6, 127.7, 128.3, 128.4, 133.8, 136.5, 138.1, 150.6, 155.0, 156.9; HRMS

(CI) caled for CasHas0s [M]" m/z 408.1936; found m/z 408.1938; Mp 94.4-94.9 °C.

Preparation of monomeric units 37 and 87

MeO BnO MeO BnO
NBS or NIS ‘O o)
MOMO DMF, 0°C MOMO

R
69 37: R =Br, 87%
87:R=1,83%

To a solution of compound 69 (103 mg, 0.253 mmol) in DMF (7.6 mL) was added NBS (50
mg, 0.28 mmol) at 0 °C. After stirring for 30 min at this temperature. The reaction was quenched
by adding saturated aqueous Na>S>03, and the products were extracted with diethyl ether (x3).
The combined organic extracts were washed with brine, dried (MgSO4). Concentration and
purification by silica gel column chromatography (n-hexane/EtOAc = 8/1) afforded naphthyl
bromide 37 (106 mg, 87%) as a pale yellow oil.

To a solution of compound 69 (684 mg, 1.67 mmol) in DMF (50 mL) was added NIS (622 mg,
2.76 mmol) at 0 °C. The mixture was warmed to room temperature and stirred for 4 h. The
reaction was quenched by adding saturated aqueous Na>S>03, and the products were extracted
with diethyl ether (x3). The combined organic extracts were washed with brine, dried (MgSOs).
Concentration and purification by silica gel column chromatography (n-hexane/EtOAc = 8/1)

afforded naphthyl iodide 87 (741 mg, 83%) as a pale yellow oil.
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37: A pale yellow oil; IR (ATR) 2968, 2929, 1496, 1408, 1254, 1194, 666, 627, 563, 532, 511
em™'; 'H-NMR (CDCLs, 600 MHz) § 1.34 (d, 3H, J = 6.0 Hz), 1.62 (d, 3H, J = 6.6 Hz), 2.79—
2.85 (m, 1H), 2.95-2.98 (m, 1H), 3.59 (s, 3H), 3.86 (s, 3H), 4.15 (ddq, 1H, J= 16.8 Hz, 3.3 Hz,
6.0 Hz), 4.74 (d, 1H, J = 10.8 Hz), 5.05 (d, 1H, J = 10.8 Hz), 5.31-5.35 (m, 3H), 6.80 (s, 1H),
7.34-7.43 (m, 3H), 7.49-7.50 (m, 2H), 7.83 (s, 1H); '*C-NMR (CDCls, 150 MHz) § 20.8, 21.8,
36.3, 56.1, 56.6, 62.7, 69.0, 76.5, 95.8, 97.5, 101.2, 116.3, 122.2, 127.5, 127.8, 128.4, 129.4,
133.9, 135.2, 137.9, 150.7, 151.8, 156.6; HRMS (CI) caled for CosHa7BrOs [M]* m/z 486.1041;

found m/z 486.1038.

OMe OBn
906
MOMO e

87: A pale yellow oil; IR (ATR) 2968, 2929, 1592, 1557, 1496, 1454, 1283, 1123, 1085, 942, 922,
850, 827, 699, 658, 637, 569, 542, 518, 507 cm™'; 'H-NMR (CDCls, 600 MHz) & 1.34 (d, 3H, J
= 6.4 Hz), 1.62 (d, 3H, J = 6.0 Hz), 2.79-2.86 (m, 1H), 2.95-3.01 (m, 1H), 3.58 (s, 3H), 3.88 (s,
3H), 4.14 (ddq, 1H, J=3.2 Hz, 16.8 Hz, 6.4 Hz), 4.73 (d, 1H, J= 10.8 Hz), 5.04 (d, 1H, J=10.8
Hz), 5.30-5.36 (m, 3H), 6.79 (s, 1H), 7.33-7.44 (m, 3H), 7.49-7.51 (m, 2H), 7.80 (s, 1H); 13C-
NMR (CDCls, 150 MHz) & 20.8, 21.8, 36.2, 56.0, 56.6, 62.7, 69.0, 76.5, 78.5, 95.6, 96.6, 116.0,
127.3,127.5,127.8, 128.5, 129.2, 135.4, 135.9, 137.8, 150.7, 154.9, 157.9; IR (ATR) 2968, 2929,
1592, 1557, 1496, 1454, 1283, 1123, 1085, 942, 922, 850, 827, 699, 658, 637, 569, 542, 518,

507; HRMS (CI) calcd for CasHar10s [M]* m/z 534.3904; found m/z 534.0898.
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Model study of 1.2-addition using monomeric unit 37

MeO BnO 1) +BuLi (2.5 equiv)
THF

3, e
MOMO o 2) 0

Br
(+)-37 O‘ (3.0 equiv)
(0]
1:1dr.

o 59% 89
88

To a solution of bromide 37 (56.8 mg, 0.117 mmol) in THF (1 mL) was added #-BuLi (1.63 M
in n-pentane, 0.18 mL, 0.29 mmol) at —78 °C. After stirring for 15 min, anthracene 88 (75.1 mg,
0.361 mmol) was added at this temperature. The mixture was warmed to —40 °C gradually, the
reaction was carefully quenched by saturated aqueous NH4Cl. The products were extracted with
EtOAc (x3), and combined organic extracts were washed with brine, dried (MgSOs).
Concentration and purification by silica gel column chromatography (n-hexane/EtOAc = 4/1—

5/1) to afford compound 89 (42.5 mg, 59%) as pale yellow solids.

89: A yellow solid; IR (ATR) 3402, 2968, 2929, 1731, 1661, 1598, 1455, 1338, 1319, 1194, 1133,
1060, 1020, 789, 734, 702 cm™'; 'H-NMR (CDCls, 400 MHz) & 1.19 (d, 3H, J= 5.6 Hz), 1.55 (d,
3H, J = 5.6 Hz), 2.24-2.42 (m, 2H), 3.41 (brs, 3H), 3.89 (s, 3H), 3.92-3.99 (m, 1H), *4.72 (d,
1H, J = 10.4 Hz), 4.73 (d, 1H, J = 10.8 Hz), *5.00 (d, 1H, J= 10.4 Hz), 5.06 (d, 1H, J= 10.8 Hz),
5.20-5.28 (m, 3H), 6.82 (s, 1H), 7.28-7.25 (m, 12H), 8.36-8.40 (m, 2H); HRMS (EI) calcd for
Ca9H3607 [M]* m/z 616.2461; found m/z 616.2458.

The signals marked with an asterisk (*) were assigned to the minor diastereomer.
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TE, REBEAETECES T Z 5 1 2 EHZWER L, E4Y2 6 A FACDH
ZOBE DT, SRBWAEEE LSRR AE L2 SEHT T LS AR
NeFEl®2IChizl), BEOAHEIUE R W2 Wiz Sl PR, B,
 ESEMSed, 1WA ICE# 2 LET. ERETICHEY, FHEK > T
2727z 5 e, S HEE, HRPTEEOBRICEH 72 L 3. NMR OHlE
CERL, MR BECICH RIS TR wihEBEE & ez L T, <2
AR PAMHGEICERL, ZBOF v I BD LT, ROHE L Tz 72 Wz ARE
FHECEH 2 LT PIEEERBRICIEL, 2 od v e BT 2 L L D
12, %L DPE R VIRV KIUBENSEAEICEIT 72 LET. RERAYE, Moz
LWEFICH LT, L GHIAOREBE,» LA T THATLEE B L L bic, Kiff
HODODEFRCHELE, HLIALE - oMR5EH THE W2 wdukt £t
BH T LET. AR T —~v%2 52, EROELIPHREI DAL LT, ZOIEL:
M CEHB LB RDDDEZ T 2 BA TR = AHGKALE ICEH L $5.
UEUP X WV HICHHZ S EEZIIE L, 777 L2 NMR 27 F Af#HTIcBIL T%
CDTYE R VT2 TN ERAe A ICE# L E 3. KX o—&Fichm L <
Wiz RSN, IHEERKICES 2 LEd. EEMoMRELEFRoFd T, &
BITHI L, XA TS NAHIIEEDOKIE, A, %E I ONERIIFEE 0%
EH L E T

RiZIC, EHODLPEEEMCFTL, HEL WIREICOR B P4 R R ST
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