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Abbreviation

Ac

Bn
CAN
CDK
DBU
DDQ
DIBAL
DMAP
DMF
DMSO
IBX
Imid.
LiIHMDS
mCPBA
MRSA
Ms
NBS
NCS
NIS
NNM-A
NMR
PDC
Ph
PPTS
p-TsOH
Pyr.
TBAF

acetyl
benzyl
ceric ammonium nitrate
cyclin-dependent kinase
1,8-diazabicyclo[5.4.0Jundec-7-ene
2,3-dichloro-5,6-dicyano-1,4-benzoquinone
diisobutylaluminum hydride
4-(dimethylamino)pyridine
N,N-dimethylformamide
dimethyl sulfoxide
o-iodoxybenzoic acid
Imidazole
lithium hexamethyldisilazane
m-chloroperbenzoic acid
methicillin-resistant Staphylococcus aureus
methanesulfonyl
N-bromosuccinimide
N-chlorosuccinimide
N-iodosuccinimide
nanaomycin A
nuclear magnetic resonance
pyridinium dichromate
phenyl
pyridinium p-toluenesulfonate
p-toluenesulfonic acid
pyridine

tetrabutylammonium fluoride



TBAI tetrabutylammonium iodide

TBS t-butyldimethylsilyl
TEA triethylamine

TFA trifluoroacetic acid
THF tetrahydrofuran
TIPS triisopropylsilyl
TMS trimethylsilyl
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1. K

WA, JERE LB ER Y ZET 20 TAYMYOESIZARE L L, Zo@BRIZE W T
DNA 8L Mg A0t S o BE 2 m §HHEI T F LNV TRA RS nTw5s, L
D LAH S, MG L2 B COBBIC O LTI RZEB I N EIZS . BRI 20
REDHETHLRBIERLHERVP LD SN TO KR T —vTh 5, 207D, MNEE L)
LD X A = X L OFEBNHES | FEOIRFRE ORI B O WBRELEIEET D F1 g, TasEIc BT,
SRS L& WD BB IED 20 1) 2 IREN L FRICO R DB EEZILNTV S,
BUfE. R I I3 RHIEREC BRI 23 % K v o TR D | ALSEREERNIE 2 6 ofiiny
BREZHS> TV RITEE LR, 20 L, T E TOHIEANIIGIHD Tl e 2 J0H 3 2 A & L
THFEINTE LD DT, FRHZIEFEHEIC S EH L, BB 7% £ o ElEH 2380 %
R OMEZIA Tz, L LEDS, SHRIB0FEERNAREE & v ) o e o i 1
e, MR, B, > 7P VRER SIS b 28R e EAE 2 EEENIC LT, 2 DRk
Z T 2 A E LT 2 2 LT, ECROTUERICHRTEITERZZE LS vzl FEEIC
E o OIERICHAN G ITEZ RIS 5 2 LT E 5 EEZ o, ALAFRER O 72 72 Al RETE DS
InpLibic, ZOFHHELEE b L PRHING, BlFIKE, ALy 3 OREITEH &
FIREIC 2 2 72 ERPEZEPERINTUEV2HD0D, IV A7) 7+ =A@ 70 74— L
Wiz & DRBUEE T OB 2 0 3 2 2 & T, 5% b 0 TEIGEIZEMRIC B v CHE A
iz HosbDEEZSNTVWS,

Figure 1 (/R TLAWIE, 1999 4EIC El Lily 7V
— 7Tk D Y, BERESNLHHE S ) F 7 X v
RIRARYITH Y. Cde25A HEFEMEZ G2 2 Lo, HUE
AAlE i TR LI A 7o) — MW ez sbn L

Cdc25A inhibior (1) Wi xncwa Y Cdc25A X, i EIHERE IR b 2 HE

KYNE, BB ORI HF LT 5D L H R
SN, ZDLD, FRET ) F7 %) v ORGEEREELE LT, FEAAMR - T % 17
W, HRYUEA 2 AT 2 Z ERARITEOHINTH 5, £ 3. MIKAE Cdc25A DBAfRIZOW
TUUTRIZRT,



AR & 1%, Betafk DNA OB 5N E iz 1 A 7V E T2 HBOILETH D,

W, RELTT MM (B50%M : mitotic phase) & | ] ([E1 : interphase) 7> 5 HEL &
NpEEZoNTWR, ZOFE, | WKW THEEIC DNA OE#E 2174 ) WIHIEZ 0D S
1 (DNA synthesis #l) TH 2 Z EHIHL ., ZoHiBoMEIZZNnZ G ] (G=gap). G,
&AM Sz (Figure 2), RidBo@E D, S i3 DNA 0B Z T4 5 HRITH D, Z Dfth,
M Jli3 5tk DNA z2 it L . iz 2k 2 WIE,. 2 L TZ oD G M3 Z 1 1o #fii ]
Mchz, 2hs 4 DOWMD S & 2 MBAHORIAZ T, IEHICHEET 2 X ) #2171
MELT, Fzv 7R Ay rarybu— e w) T AT ABFET 5, 2 M, G . G,
iz B TRtk DNA OBEELLHRDIER ST 2bhT0 a2 B L, Bi 20 5 &l
JAM %2 1 S CERIRBICHES € 2 &H%2iHoTw 3, 20F 2y 7R Ay bavia—n
DHRIZY V7 BHDY) VAL E GRIETH 5, 37 HDOY VIBLIRIEY A 7V v —¥
470 UAFEX - — (CDK) 8IS X DT L, BIfEE TIo, @55 ELHIIE A o e 3
BB O TRA BEHAKRDFE LB EPHO L L > TS, HIZIX, G Whdsixy 1 7Y
> D—CDK4 &1, Gi/S i T13 9 1 7 V) » E—CDK2 ¥ A4, S Wik 1 7V > A—CDK2
A, G @Iz 4 2 ) » A—CDC2(CDK1)E AR, 2 LT G/M Hiffridv (279 B—
CDC2 AW ZNZIHEEEL T2, 2L T, CDK ¥ F—X &G ¢ 2iIci3znFuy
Y. AVFZ VBRI VLI 5 2 ENMHATH D, Cdc25 7 A AT 7 ¥ —EIFZ DRHE
EH- T2 2 LRI,

Cell Cycle

Figure 2 ltafEHR-Cdc25ALME R

FYIMIIED Cde25 Ein 137 &b 3 MEHAFEL. Cde25A. B, C 4RI enT
W3, ZN5HD Cde25 Ein i, HEMWIIZIEE R XA 235 % C Kl CHELLL T % 53,



N Kifllo Eficidiz & A EHABIZER S kv, mRNA OEZRa—FINT»wi 9 v 08
DRE S, FBE, B, DREBESOHARISECZD D, 2o OMEDNZNZE NOKRE
THIED>Tw2bDEEZ6NS, £/, 16 3 FHD Cde25 EIET D mRNA L X)L T
DB KA EFBL % — 13, Cdc25B & Cde25C 1 & bic S Wik W BB ED . G,
226 M HoOBBHATROES, L2biEl A LDHMIfET Cde25B 13, Cde25C £ b #fs~%+
fEiv, X512, Cde25B X CDC2 ¥ F—X¥DFu v 15 LAL A=Y 14 DL ThOEED
Wiy B3 % 2 L6, Cde25B 2 ZHEyfliido G, Hlick} 2 CDC2 ¥ F— ¥ oifill%
T 2T ThH D EELLND, —J7, Cdc25A DMK EAEFBL S — 1%, mRNA,
FEHVTNED G BIITROLAEBNIEC, S HITY vtz 3T 7+ A7 7 & —X¥ihlEd L
795, $bb, Cdc25A DIEFMFIE G &II~S HIThH h, A 7V v E—CDK2 HAKDIG
HfLZfTRo T3 EEZ6NS, 72, Cdc25A IRIEBIZTHEYTH D Myc 12 X - THEH
FHEI N, IEER Ras L OFBUC X D HIEZIELT 2 2 LRI NT0E I &, yHRICK D
DNA #iffiF = v 7 KA~ F T, &} Cdsl %' Cdc25A ZHEEY VL L., Z00RzHLI ¢
THA 7Yy E-CDK2 ZRIEHELS® S WIZIEILIE2 ZLWRINT LI LR ENS,
Cdc25A Z&trZis 3 D Cde25 EE T IEMImE LD 2 A = X LI mEE 25 H % HL 7
ThorELZGND Y,

ZDXHIT, Cdc25A 7 # A 7 7 ¥ — X I3 MBI & R 2R L. ZOERNE
ZETHERARBYIIEF IR ERIERNTH 2 EEZZ 5N 3505, I 6 ITHGENIZ S BRZE
HWEZEHL TS,

E2/F7 b X7 viEtkEAET 2 RAMIZL C D6, Figure 3 O FERISKRY L9 I,
ZOBER DX ) VN HEREE 7 VBRI E NP RICMHEL TWwb, 20X Liifidz
A9 2LEMHEE, AROKBICE W TEHIELRS L CIIRER OIS 217> 256 THREIK
JEE D7 <L RN DFEBHIBNE S TH 2 Z Mo Tw5, Ll RO X
INTF ) VEALDB T DOURIALE T 2 E T /7 b ¥ vid, RO BREEREH D B % <
HIF I ERERLERIN TR RO, RN e, 207D, Kin¥ /) v DALE
M2EE L, BET 2 KAVMED 203206 OFEERZ GRS 2 7= 0 DI & 7 20N k&
JRAERS 2 HESZ T 5 2 & BIIZEHID—D L E X %,



0 OH 0  OH O . OH

D@ NOSS: LI T
CO,H HO = MeQ OH

MeHN
(o] o 0 CH
pyrancnaphthogquinone derivative chloroguinocin fusarubin
OH O : OMe O OH ©
LT LT LI
COzH MeQ =
o] 0 OH ©
nanaomycin A eleutherin hostrycoldin

Figure 3 —f&8E@L°>/ 175248

Fio. KAREMZE 7 VEREO DM ATEZH LT 55, Hlor 7 Vi
W& % & RKARYEEIZ. Figure 3 @ nanaomycin A (NNM-A) D X ) Ik 7V ARLEZ TR THD
3%, ZOEEHI b LHMEINTVS, 20D, ANy ARLEZ G T 2 E 7 VBRZ
T2, ZOBREOWHL D BELFEO—DOTH S, JI T, €7 VR EOMEE 7 v AR
Ex AT 2 KAWEE (deoxyfrenolicin, NNM-A) 122W T, ED X ) ICERBEIEEIN TV S
DIMREMN B2 LT ITR T,

1983 FICAM I N7 NNM-AlZ, ZDOE T VB EICH 7V ARBEOHIEZEL T3,
MEATICE W THigh L2 v, i TR (1) itk Ok zir) &, RARY L iddios
ALEZFOE 7 VEULEBHE—LEE L L TRon s, ZORIRMBIC LD Rz s L&,
b9 v AR R SEIRII 505 Y,

OH O OH O Me
1) Zn, HCI, THF; then acetaldehyde, 60 °C
OH O
co,Me 2)Ag0 CO,Me
51%
(0] (0]

1) conc. H,SOy4

2) saponification

66%

Scheme 1



T, i Py AR HOEBLKIBICOWTRT Y, —BLREREEL T ICE WL
T, i EOE N7 Py L LEFEOEMEZERHIE 2L, YA 7 v AERD 115
TRILEDBEH SN TS, YAREZE T3 Y 7 VBRI, R L FEBICREMEET N 7 v 2k
NEBRPLEETHHT 2 2 LT H B,

OMe OMe OH OMe OMe OMe OMe
PdCly, CuCl, CO 0 0
UL o U eowe LIS o
OFr OPr OPr
31% 45%
Scheme 2

1987 fFICHE SNBUMIEIE, CAN Z1EH S TEIL L ARFICE(L 21T ) 2, &
FYREX ) VBREARICHEET 2 ENTELFETH S O BIck 5> 2 b5 v R4
ik, NNM-A DE5EICIE s AR TPHERNEST L 7 BIIREZ 1T > 2B Ic, —i b 7 v Ak
~NERWALDHETT S ZET, YRS VADK 1:2-25 L%, Deoxyfrenolicin D412 1%
FBRIC > A —CRILEDR SN2 b DD, fii < BBrs IZ k 2 WifRi#ic BT, B ks
LIEIT L. I v AROARBE SIS,

OMe OH O
OO R CAN Et,SiH, TFA
—_— _—
0
RO,C
o 1) BBr, NNM-A (R = Me, R’ = Et)

' deoxyfrenolicin (R = Pr, R' = Me
“m, -COR 2) saponification y ( )

Scheme 3

F 72, 1990 FFITHA I 4172 NNM-A &, Scheme 3 EARICE 7 VERDEAER E & HIT¥
) VB EREET 3 R Lo T0 A, BHLOBRICIZ 2 S BORE LT ¥ v 2TV 3,
BILICk > THON2DIET AETH 20, MHFDORMEEIC X 2 5EZ2HCT 7 v A RN L5
AL xETw2 7,
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OH O

2 BI'Q, TIC|4

_

82%

Scheme 4

Et3SiH, TFA

—_—_—

CO,Me 95%

1999 4EICIZ, ¥ VBROBLMIGZIT> 7285, 7L FAMIEZEAT 2 45EICkD F
7 ¥ AERDFIRN 2 SIS L Tw5,DDQ L EDITHIBT 2TV F VAR ZEHIES &,
deoxyfrenolicin & [ U AKELEZ BT 5 + 5 v 2RO ADENRTHES LTS Y,

OMe OMe
OO o Ph,SnCH,CH=CH,
OBn DDQ, CH20|2
OMe 94%

Scheme 5

deoxyfrenolicin

PDllEokHic, fIgEAS 7 v AREDE T Y BALIKRDERE, £ A 16 7 v
ZARAND BAAL D SOGEAIT DO BT L 2 FEBHEET 25 DD, ¥ AMEZ B IRWICART
L IO OTUEREFI DD Th iz, KMeaWz didnrh & LTz hikz%T 5

LENEEN S,

S5 lc, BEMA S T v 2 figw Al
D—FHTHLVA b2 A VEICOVWTRL
TEL, ¥4 b<A > HIX, Streptomyces
caespitosus X D ;THES NPUEWETH D |
7 /57X vTldR0d, ¥/ v

fundamental framework

mitomycin C

11

Figure 4



DT DI T % 72, AW TH - 72 Cdc25A BHEAR L IR EiE2 G L C»wb LS
2%, ZOHTH2A b=A >y C BYURENGEIED R O IR <. HBIN)E W FLPH o [l T2 D 1615
KHwesNnTw3, w4 FwA > C IEZoMEIcX / VikhL, v Lo vikhe, 72y oy
WhrE&ATED, ZNSDIMNeA beof >y C OEEMHIZRICESEL w3, Z20F
) VLD ORERIC L DEIGI L, A P X HEDWIEET S 2 itk D 7Ly LN E
fbtsnz, 29 LTALLEEMO 7Y P VL E T Lo VERALS 7 L F LAl E L TIERI L,
7L ¥ b, E5ITIXDNA DREZFI SR T EvwbhTns 9,

FHES 2 F 70X 7 viF, DA beA T VEEDERMEC XD EENTHRIRN

R 2 EHAENR, ZOBBRIIEZIT) 2 Ik D, AEABALENIC S EyrEmic s z
NoMTHDORRICD L6 THETEI LD EERT,
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2. K
2-1. &G

Cdc25A [HEEMEEZHTHEZ7 /7 F 7 %/ (1) OAKGEHEZL ISR, £7.
WMEINTVLLIERAY (1) OVREICEL TE, ¥ 7 VB EOMIBE ML E A > A B
HHIEFRINTVEHDD, M VZAREICE L TRREINTHRY, 2070, R
(x) 1 DERELT> 7%, ARG D Cdc25A PHEFGMMERZ Eii L . HIEICIEL T 1 DNy
HE 7 IARF AR, AL EEORERIT) 2 &L L,

HARM 7 G RGEHE %2 Scheme 6 1C/RT, © 5 VEREABS I3 BB B0 AR 72 & A3IA
HWThbLEZ, ET7VROMBRMGE AF VT I 7 HOBAEZEHOMBTITI L E LT,
e, F7bbX /2135780y 3 RBLTEIETEGIEONLbDEEZ, 7LV
o7 VX VMIBICBIL TE, 4 ISR T 3 n S v XY VKRR L CEATE I L E L
7o TOBE TATE FEREALHT 2 2 LT MR B AR AT RE 25 TRk A A IR IS A
250 LRSI NT, £/, Ay TV 7 OHIMIE 4 13 Scheme 6 IZRTFT7FL > 5 XD,
Horner-Wadsworth-Emmons )55 Corey-Chaykovsky TR ¥ AU IE 7% & 0 pé SR G %
BTHRTEDZDDEEZ, 775 LY 5 1% vanilin ZHFERE LTRSS T LT E R
6 L DAGICHFEWRETH 2 LB AT,

OMe OH OBn OMe OH

MMO oo

Cdc25A Inhibior (1) 2 3
ﬂ Y V2N

OBn OMe oBn ome ©HC

OO ) OO
CH MeO CHO OTBS

van|II|n 5 4

Scheme 6
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2-2. 7ILFE F 5D

KEABICHEL . Rl TR IC AT vanilin % HFEER & LTHY, S Y0k
BB LAY TH L 7 LT R 6 D&Mz T>7: (Scheme 7)., T74bt ., BFEMRIGIC
Eh7uEN=Y v 7 2K, 72/ —VEXFOVETHRE L /2%, Baeyer-Viliger #{t% &
GORBICE D RU PV —TIUE 9 287, fT. ~Na g v X Z VARG 2 R L CEER

TILTER6NEEHL /-,

CHO CHO CHO
Br,, AcOH Mel, K,CO3, DMF
—_— —_—
MeO 80% MeO Br 95% MeO Br
OH OH OMe
vanillin 7 8
OBn OBn
1) mCPBA, CH,Cl, n-BuLi, DMF, THF
et St
0
2) BnBr, K,CO3, DMF MeO Br 87% MeO CHO
69% in 2 steps OMe OMe
9 6
Scheme 7

BonT7LTER 6 IR L., BIEHHE L 7233 % H\> T Horner-Wadsworth-Emmons
BOGZE TG, B BB X D AL R Vg 10 & L7 (Scheme 8), & 512, HE/KEERE & FERE A
VO LfESETH 78 LV BRZRE LK. 72T VEDOREZITV, Kt TKELY 57
APNIZILZEDZFVEZRATIVZEILL TRy P TILa— )L 13 2157, & 512.Scheme
8 1 T RFELSUEERA % o CTHEE AR 2 @RI BE M L2 T, 72/ =& XFLET
REL, RV A= V2B LTV TE R 2E8KL 7,

CO,t-Bu
Q8 1)(Et0>2P(0){ 0Bn OBn OAc
COH
NaH, THF ~ CO2Ft 2" A0, KOAG OO
2) TFA, H,0 =
MeO cHo 2 2 MeO CO,Et 92% MeO CO,E
.
OMe 77% in 2 steps OMe OMe
6 10 1
OBn OH OBn OH
K,CO3, EtOH OO LiAIH4, THF OO Pyr-HBr, THF
s,
86% MeO CO,Et 61% MeO o 87%
OMe OMe
12 13
OBn OH OBn OMe OBn OMe
B
OO ' Mel, KoCO3, DMF OO Br S0;-Pyr, DMSO, TEA OO Br
e, o
OH OH
MeO 88% MeO CHCl, MeO CHO
OMe OMe 94% OMe
14 15 5
Scheme 8



2-3. Cdc25A BHEIGE 2 /T2 Y5 /7 F 7 X 7 VEIRARY ((2) 1) DA

X1z, Corey-Chaykovsky LK ¥ ALKIE PIck D 7LFER 5 22 KX F 16 ~ &
ZHaL 72 (Scheme 9). & 52, BALHSZEMSETAF LT LT E Pz ),
Horner-Wadsworth-Emmons &2 & ) O RE#HOME ZfT ORI ATV 17 &£ L7, 17
DIATIVENZ DIBAL ICX DEIGLTT7 YL T a—)L 18 & L7k, —Hukigi%z TBS A
THREL TLEM 4 & L7

OBn OMe OBn OMe
Br MesSl, DMSO, NaH, THF Br 1) ZnBr, PhH
93% o 2) (EtO),P(O)CH,CO,Et
MeO CHO MeO NaH, THF

OMe OMe 84% in 2 steps

5 16
OBn OMe OBn OMe

Br Br
P® T )
X _CO,Et 0 ™
MeO 2 93% MeO oH

OMe OMe

17 18

OBn OMe
. Br
TBSCI, Imid., DMF OO
x
96% MeO OTBS
OMe
4
Scheme 9
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e 4 2/ a7y XY NVHOGICH L, Hi TSR 2 7V 7 FRIEHSETT
VEFNVHIBEDEAZ{T> 7 (Scheme 10), L22L %2236, HIOY L RIEDEREY) £ O3 EENIK
HTHolld, IHICKHETZI ALY LVEOBREZTOTYLTLa—)L 3 L L, §i
WT, TN AN DBREERNIC T e FAIETHEL, LAY 20 ~NL AL 72, 22T,
TILVXNMNSED Ay 7V Ik D EC BT va— b 7 F LI THE L 285510, i
HEDKEIEDLE L D DIEERES R E D . BROKIBICB W TTA X AR 2 2 LML <
Wit GEIRINICIRE T 2 0ED D o 7o, o T EAREMET 72 F UG E T 5 72,
ZDf%, DDQ ZFHIETF ) v~ EBLL, 77 ¥/ v 2E LT,

OBn OMe OBn OMe OH
Br .
OO n-BUCHO, n-BuLi, THF OO
AN
MeO ~ OTBS MeO OTBS
OMe OMe
4 19
OBn OMe OH
TBAF, THF OO ACzo, pyridine, CH20|2
93% in 2 steps MeO A OH 76%
OMe
3
OBn OMe OH O OMe OH
OO DDQ, dioxane, H,O
AN 87% ‘O N
MeO OAc ° MeO OAc
OMe (0]
20 2
Scheme 10
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T, ZRALA 7 FE 2 e O EEIRN G HRE 2T o 7. X F A7 S v 2EHE
EToA TS X 2 VEAIc A F LT 2 2 HEEA L (Scheme 11) ', Hontz X+
VT IY 22 D7 FARERE LK, ExF Lo, Z@gfley Ay 2ERESE TR
U a— )VEFEIRICIEL L 72, B A7 VT E R 24 X, KIBRFTHTH~A 740
KIGIZ & D E T VEOBEBHETL, EHET /77 %/ v 25 ~NEEfixnk, {LEY 25
DAL INFIE, B 2L ERTHANLV R VBN EEHL, HNETZ2RKAY (=) 1 D
EEEER L 7,

OMe OH 0] OH OH

‘O BBr3, CH,Cl ‘O MeNH,, THF
e T,
530 0,
MeO % MeO N"one 9%

0]
21

O OH OH OH OH

‘O _KaCOs MeOH ‘O MnO,, CH,Cl,
_—_—T
20/ 72%
MeHN X ’
0

OAc MeHN
22

OH OH o OH
CFO3 H2$O4
eceviBose i love
\ CHO CHO COH
MeHN Cmtg’; "1 IMerN 2
(]

Scheme 11

Fons 1 BOTATLAY—DRAWTHD . AL M F v Z2{KIE HPLC 4#TiC

X D EEnEETH -7z (ODS-W TLC (0.5% aq. NHsOAc-MeCN = 3/2)), L2 L7ad5, mED

ARG 2 AR LT, YA RE R TR KINEAEEZ RT3 TE AR o, Fik.

o VBB ICEE R CoREEM VS L, LtreA FAVKIBHHETLTE 7 Y ROE

BELBWEID, A7V ADERMBZEAT 2 o7, 2D, ¥ 7 VEROMER

EEROKEETIT ) DERD 57z, 7 VEABRBICAF LT 2 ) OB AER TG4, £
D &) RN D 5 D% DT ICHT,
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2-4. £ 7 VEHBRZ BRORKERETIT) 2 L 0EENE

TYLTNaA—) 3 X/ U NEREL &, b~ 2l T—ik7 L a
—NDAREIT B L, BRI TN A 7IVIGHSET L TE 7 VBDSEK L 72 (Scheme
12), ft\ T, HOWMB S 2E 2, PDC ZEFH S ETHIV RV EEHL 7242, TMSCHN,
WKEDAFILIRATIL 29 NEEWL 7, Eoic, ZRLA7EEHOTAFLEZBRELTCE
7/7F7bx7 v 30 Bk, REIC, XFAT S U REAL RS, EIEMESE Tk #% T
WHNVRVBNEERL, (2) 1 287, L2LEBSEICHARZEE), XFALT7Iv2E
ATHHNICE 7 VEOBRZIT>TCLEIE, L ueA ZIVKIGDHET L TE 7 VBROE EE
LOSBEATCEEZ 2V — F & D BR L R DS X/t T v AR E CZILL T,
ER NI 3 (32N £ 7/ R SR NI E DL Rl S0 7/ [ i PR N N 35 8 R B 1 (413
JEZ A AT, EDFMFICTE VT H AR ZUET 5 2 Lidikhdr o7,

OBn OMe OH OMe OH

DDQ, CHZCIZ H,O MnO,, CH,Cl,
e T eve
NN .
MeO
OMe
3

MeO OH 63% in 2 steps

OMe OH O OMe
OO Lo srasom
CHO CHO 2) TMSCHN,, MeOH
MeO X MeO ) 2
48%
0 28

(0] OMe
(@] BBr3, CH,Cl, MeNH,, THF
CO,Me L 0,
MeO 2 40% 87%
(0]
29
(0] OH
0 KOH, EtOH
CO,Me quant.
MeHN
(0]
31
Scheme 12
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Z 2T, Spartan '04 Macintosh (& \>C, J13E15H (Molecular Mechanics) @ MMFF
2 AR O 4 DO BERICB U TIRLE 2 >~ 7 + A — a » (Equilibrium Conformer at
Ground State) DFMFEFERZR L TEL, Figure 5108 T X I 12, Z2E 2 4 DDREEICE VT,
LTIFIFALZF VX —%%4 L (o) E(kd/mol)=329; (B) E(kJ/mol)=328; (y) E(kJ/mol)=329; (5)
E(kJ/mol)=330). > A{k&E b T v RARDLEMRIC AR RS EHHL 72, £/, ¥ VR E
DEODOMBED S B, FRHCANVRVBO 70 b v 3 7 VEBROBERF L KFMAE L TLER L
BERZMHATE) ., ZHUAOETE 7 VERVPHIEWEHHICEROEAZBIHE T 2502y 7 4
A=y avzZl3esleNTEL L)AL RONT, I5IT, n-7FNLELE S VED
BEIcAbE THRHICREE L, BT 2 EORMOBREE L 2L A EVRKAEEZR T
DIEVE S G2 2L, S AKE NS U AKICH S R ENEL o BEZERNT
HorrtEEzond, 20O, ERIZEWTZIER U RKISEE, KCRRIZEB W TKIE%2T-> T
b, YA 7V AOEBICHBEERR O NG oDk, EBoDarv 7 aA—vavbi
DR TOWEEMETH 770 LT 2 ENTES, S5, ANVEVBEE X FNVIEETHR
HELTOGAICIIEEE - BEEEFICBOTY R I ADESEL BRI > Tk
DIZN L, RELEWTH L2 ANVF VRN LT, BSELICX 2B EHLzH-5AICI3ED
SIZHMS Z EDED o2 DIF, o DBIEEDERICL 2D, 2O T VEROBREFT &
AN R VR E ORI CKERBE DR 57220 TERWrEEBEZLIENTESL, 2D
O, RARYIcE LT -HEREEZHb L, ZOBREMFICIDEOI AKRZH TR LI
ZIEAARETH 2 b D EbN, 2K E I v 2 K2 SEEIC L D E 3 L HERECDT
Hb, £z, BLBEOIED BENITECZ EHRETH >, ZD7®, Scheme 12 DHJL
IL— MR AE £ 13 B 2 S dums LWL 72,

ké{- 19 i‘:
¢ % ] t,."ﬁ‘_ o oH .L.: L H
“‘E".::"--. = - oiyset, o= ,
o o P %% g ® "
P, Q.l U+ :‘ bl :‘
®(c) ip)

Figure 5
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2-5. BRFHEMAER & Cde25A FHEIE MR

W7 L 7= i 2 R L. S REFEAR DA O Cde25A FHE G MR %2 1T - 72,

96 )X7'L— I [T, GST-Cdc25A (I#3). pNPP (p-nitrophenyl phosphate (sigma-
aldrich)) (&%) & 9 (ug/ml) D&Y% 37°C T 1 BEIKIGZ ¥ 7, KINEDIEE DWLIE
ZvA7n7L—bY—F—THlEL %, Cdc25A FLEMEEE (%) 2, avtu—L% 0%L
LTHRIE L7,

2-5-1. ¥5 VEOMLEEN:

9, BB S LT B & 3R 2 kR TEERBR 2 T o 2o,
XHkME (15.5% inhibition at 10 uM) & FEEARDIEM:AE & D LLIMETI 2 L BREHETH > 72D
T, WO TRAYI OGN %2 T L 7z, RHPD NagVOs I3 ARY 74 7av bu—)L e LA
LCED, 7y A RVEFICKEL TV I LE2ERT2-0DERETH S, NagVO, 17T
IZ Cdc25A DEEEMZIHET 2 2 Lo Tw a0, KT 4 7av ha— Ly HEGES
REBVEVIRERBH DL L LS, 207 v A RICMEBH oL ) T Eicnd, K
RO 7V E LTHRAL 2DIEAEBREO (1) -1 Th3H, CHFERRICH &SR EZ R X
B Eolo7: (Table 1), 7. RAVIOAGKFHETHZEZ /F7 %/ 30 % 31 (C
DWTHHi 2 T o 7225, FU S HEREEZ RS hdotz, ThofREIY, S5/ F7 %)
VHUREKR T 2 SR TEEZ A LEA N, 2D, RAVOEGEFIE XD ES
ICEHARRE R 7 B X YERULAEYIREZ G L. TEEOZE 25 Z L & LT,

Table 1
Entry Compound ICso (uM)
1 ()1 > 27
2 (+)-30 > 26
3 (£)-31 > 26
4 Na3VOy 0.003
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BRI, BRME7 Y L7 a—)L 3 icxfL, DDQ ZEHIETF 7 b ¥/ vt
2L, FHE(R 32 L L7 (Scheme 13), $7/. 77 %/ v 33 7 F LIz iS5
R34 L LA, S5, F7EF 2V 33DRUYPATILA—LENE IBXICX D BLL 7214,
BitRiE 2 T\ a8k 36 & L7,

OBn OMe OH O OMe OH
OO DDQ, dioxane, H,0O ‘O
x x
MeO OH 64% MeO OH
OMe 4 °© =
O OH OH O OH OH
(10 9®
0,
MeO X OAc 69% MeO = OH
o 33 O 3
IBX, THF, DMSO
quant.
(6] OH O o) OH O
‘O K,COs, MeOH ‘O
X
MeO OAc 96% MeO N"on
0 35 0 36

Scheme 13

%6 N FHEE L RAY OGP 23 22 7SO R RIZL T LB TH

o
Table 2
Entry Compound ICs9 (WM)
1 32 4.73
2 34 419
3 36 1.34
4 23 >28
5 NazVOy, 0.005

Table 2 DFfEHIC L D, Cdc25A HEEEZ R TICIZ, €9 /7 F 78X/ vEKID D
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T7bX 7 VEEDIZ)DENTH S LRSI 5 2 LT ERL, . FHEE 32 LEHEK 34
DEICE D BMEHED 7 =/ — V2 H T 2LEVDOTTHEERMC 422 2 LR, &
I, RYPNATN A= VFMIERBE L T b E T30 im0 iEEZ2 R g 2 E o7, 72
2L, RT3 = VIR PR RICVAERREFENRE (. IBX O L) ZEliFiia vEz
OB ITET T2 DD, BB HIIIT 2 o7, BlZIE, 7 bR L Wittig
SOOI & 2 —RERBER 7 ) =0 Vi 2 H 72 7 L X LD MG, Lawsson it % Al v
TR T OBEANL EZ AT BT NORIG S & GEfT L kb o7, 2O L6, Al
RYPNWALDNERNGAARA S T 20035, 7, 34 &L 23 DHEICK D, ¥/ VEfLOE
PRI RIMERC A F VT S 2 EETIE R, AMX U ETH I L PRIN, ZD
e, SHRIBTRERIRD A F L7 S R E A N ¥ ARDM S ZFEAR E LA L, iGTE% 3
LTwl{ZtElz,
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2-52. 7ILFNVHBEOE X

RiZ, 7UVFVBHICER L, MIHOR S 22 2 TEMEMEOZLZ T,

OBn OMe OBn OMe OH
n-BuLi, THF, RCHO

OO Br (Table 3) OO R DDQ, CH,Cl,, H,0, t-BuOH

MeO MeO
OMe N OMe NN
4
OTBS OTBS
O OMe OH
‘O R TBAF, AcOH, THF MeNH,, THF
MeO
0] A
OTBS
Scheme 14
Table 3
Entry R Yields in 3 steps Yield of amination

1 CH;CH, 37, 24% 38, 61%
2 CHs3(CH,),4 39,47% 40, 54%
3 CeHs 41, 16% 42, 75%

ZDOFER, Table 4 IRTRRICT VX NVEDORE IR &5 (37-32—39) 128, AT
T H2DEEPES B2 2 EdMlo7, £, 7 2 2 VEOGAHKINMWIEEZHGT5 2 &
HHEHL 72, —MIc, TEETE & ARBE DO B HL T 2 LAY IZ TN TR E < 2 & 23
MonTEH, KMUEWREOGEDL ., 7V X WG & b ) — D> DR 7 DIRETEZ E O
E#EZ L2302 AL w20 EEZI 6N, 207D, TLVXIVEORIZRT2
L TIEMER BICE23 5 b D LR I 7D, Table 4 DFERICK S &, TOUX LMIEHE Z bl
ERCUTHIEESRENICH T2 L3 FREINT, 512, RICEORIBERE L., KAY
EFLUC R Z7FUVEEE LCZOBROMA 2179 & LY L& 2, Hhalatdfibido
72,
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Table 4

Entry Compound IC50 (uM)
1 37 5.38
2 38 >29
3 39 412
4 40 >26
5 41 6.95
6 42 >25
7 32 4.73
8 NazgVO, 0.002
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2-5-3 HiffifbxnzFr7rx /v

BT, TV XV Z Fiz 0 iR CHMb I N &2 6 3 2o ez
fiot, THbb, 7AXMUBEARIEERBICHE» E) 2 s L, 7. K
RUIDERAFBETHER D7V a— 13 O 7 =/ =L E T a—VEfizilGTE b
AFNIETHHEL 7%, DDQ 2k DX/~ 44 ~ELZHaL 72 (Scheme 15), 7, ¥/ viff

DA X IEZRAFNT ) EANEBMISTALEY 2FHEK 46 L L7, S5

2, EER 44

WKL Y7 KB ZEHISE, foneFaxs /v e, 7 F UL t&Ev 2z

ZNZENHER 46 B L U4T L LT,

OBn OH

MeO

OMe
13

OO Mel, NaH, DMF
OH 65%

OBn OMe

DDQ, dioxane, H,0
OMe 84%

OMe
43

(@] OMe

‘O MeNH2 HF ‘O
OMe
Me 83% MeHN

O45

NaOH, MeOH, H,0
38% from 43

O OMe
Ac,0, Pyr
9% oM
AcO
O
a7

Scheme 15

76 NIFHEAROIHEMABIOMIRIL Table 5 DEE N TH 5, kb Hffb I 7fbi
PiconTy, HEWROHEREZR O L3RS ns, £, ¥/ VLA § 28 EHE
B, e FaX o Eo k) ZElEoEfE L D b X FIOLED T 2 FOLEETHRE S L7 ASHRIE
DEHAFED I ) H3HRATEIEZ R L 7,
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Table 5

Entry Compound ICs0 (UM)
1 44 1.53
2 45 > 30
3 46 23
4 47 8.00
5 NasVO, 0.002

o (LAY 13 DRV A T a—LEMZZE7 LV FLEETHEL . HHEOE
bz i ~7z,

OBn OH OBn OMe
Mel, K,CO3, DMF
OH OH
MeO MeO
OMe OMe
13 438
(0] OMe

1) R-X, additive

NaH, DMF (Table 6) ‘O
2) DDQ, CHCly, Ho,O MeO OR

(0]
49-52
Scheme 16
Table 6
Entry R-X additive yields from 13
1 CH3(CH2)s-Br TBAI 49, 20%
2 HC=CCH,-Br TBAI 50, 48%
3 CH3(CH,),-1 — 51, 52%
4 (CH3)2CHCH2‘BF TBAI 52, 29%

Table 7 12k % &, TAFNMABHDYEE L 3R D | KEHOE 49 LD b REHD
v 51 DIF ) DEEDEERC %25 2 LMo 7z, S 512 Scheme 15 D 44 LT 5 L, X F)U
HE LG AOEESROBC LS, £, 50 & 51 2T 2 L, SEEAGOIZZ
EERZTonZzwEVI DL, BRKEOVAIRTH S, F/, TAIAVEIESTIPNLTWS
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52 Tlx. 51 ICHERTIEEDE TR T L7720, VRN XKIEDRH 2D E RIS, Table 7
X DELN 2 REE —TEHEBE OBE IS 2Tl e v, —HE L TEARME EKEED NS v R
LEEL THWEDTIE R EEZIONS,

Table 7
Entry Compound IC50 (UM)
1 49 8.31
2 50 3.53
3 51 3.10
4 52 4.21
5 NazVO, 0.002

L. ZnsF 7 bx 7 UHIL in vitro 1ICBF S Cde25A FHEEEII R T, H
7% B IGHEEABRIC K ) BER R R A R S v b OB FIIENTIC X b Gy A C B YIS I
ZEI IRV EEDPHIIL TR D 7V F LHIBEERA 13 AIGA T (S 2 7 7 7 4 — T
bpEHEZLNL (BB), 20O, ZOHHMILI W ALGYIRIC X 2 E 4 2 iEMEHINXfTH
T, T XNMAEE Z DAL MLOREHOBMiZT) & E Lk,
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2-5-4. "HEEDOHE

RIZ, &) —DDORBITHHET 5 “HIADEMICOVTHNT, TNETOMEIC X
D, RYINMLDO TN I—NIE7 by ~NERBEL 72139 238 BI85 L v ) FIRBE L1
Tetz, 20 DRV KROF 75 Ly 2L TS 54 1L, BERUKERNC X 280%
fro 7 (Scheme 17), L2 L %236, RIBHEMEDIRT E/2720 57 V IVALETTHHET L /2 L
2V 7 FR 85 MEF oz, —J, HINE T 2800 56 13 —HuKIEE D Bifti#E % 17> CiFE
57 & L7,

OBn OMe OH OBn OMe O

OO _IBX, THF _ DDQ, H,0, dioxane
MeO AN “bwmso
o 91%
¢ 20
OMe O OMe O

H,, Pd/C, MeOH
MeO OAc MeO

55 31% in 2 steps

OMe O OMe O

_KCO5 MeOH
MeO OH 38% MeO

56 17% in 2 steps

Scheme 17

T, ZRIMATRICL DX F LB LRy P U7 L a— L E2 KIS TR Y
VAL 7458 EL, IHIET7EFIL2ITVIELEME 59 24K L7 (Scheme 18), 7z, Jill
W= THERL IR PILA L 7 4 AR L EMUKRRM 2T > 7248, ¥/ N, »
72 D B S B2 63 25554k 61 2 A L 72,
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O OMe OH

BBr3, CH,Cl,
X 24%

OAc

MeO

© 2

K,COs3, MeOH

—_—
quant.

©Bn OH 1) Hy, PdIC, EtOH 0 OH

OO X 2) DDQ, dioxane, H,0 ‘O
MeO X0 14%, 2 steps MeO

Ac

OMe O
60 61

Scheme 18

Scheme 17 & Scheme 18 1T X D 15 6 117358 DIEIEAE % Table 8 123, Z DFGHE.
ZHEAPTINA TNV AV ER 2 W bEY) 61 OAKST, RV LAL T 4 v 59
Ptk TV A=) 57 TIABIF LA EHFMMEZ RIS b o7, “HGAPES &2 LIEER
BTN T2HBICOWT, MTD LI ICEEL L, “HEGREZEET RV T LI VABHOS AT
. Z—=7 v b ZURTEDFERITE VT, ¥V 87 LORBOIRELREA L Tu R nREEIRE
EDIFNF—EPREV, 250, 7FOHBENETEL0IC, =¥ b —0#EKIIK
E 20D, YR EDRENRID OV DEELONS, ZrUu L, “EHEAZE
T2E, HAMENTREPETEINTRE I LT, BB O R LF —2HRETICH T v
FMZADIAR, v R LDREERIT) T EVTES Y, “HEHEGZFHMLAEMDIZ) 85 v
N7 ERAELPT, BRELTRWIEEZET2b0EEI6ND, 51T, RVYIMPT
VIALICIERIR T 26T 5139 DIEEPSROIH & LTb, BEFET1Y v 7 DR v PN
TT 2k EEERKERAEIRT 20 THLEEIZOND, 20D, NI IUAI3KE
B, LA BZOBMAETHL 7P EL, ) DDOREIEITIYALTLI—NELTZDHED
2R ONEMERHIi 2479 2 & & LT,
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Table 8

Entry Compound ICs50 (uM)
1 55 >25
2 57 > 24
3 59 > 26
4 61 > 27
5 NazVO, 0.05
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2-5-5. Rlih 35 i+ D AL

RIZ, T FIOVIIBEO Rl PR R B REHE 2 A L IGMEDMEs 2 {7z, 7LD
KU ISR AESE 2 EA L 7ALAEY OGN 2 47\, 36MER B b U I3 RRr0sHEsE © E U,
SHIOT VI NVAIRMEICE L TEAF Y ERESE 2GS T 7 — 7L, FEEICT Cdc25A
ERALTO2D02ERT 2 LR TH S EERT, ZDRO, XUV AFTEL2AT
Z27NVTE RFZHOWTAY 7YY I RIEERT) 2L L, £/, XUPNURERZ W HH
LT, AR EARITH BT TR, IBEEZ S 20RO/, EHEO KEBIEE
TSGR T, KD IEMICIEEESE 2 PHT 2 2L TELLEA O TH D, FEEDOHMK
ELTE, LAY 4 1T L, HERAB L7V T e FEHWTA Y 7 v I RIGERTS 728, &
INEDERE, —tkTrva—ro7eF b, ¥/ vy NOBLEZRETF7 F X/ v 656 Z2AKL
7= (Scheme 19), i\ T, ZEALA VR EZHCTT7 =/ =V AFVDREERITT oI, Z DR,
KIGET L A= DRy D )VEDWiEL 7-bEY) 67 Z AR E LT L L b, EINERD
5HINY 66 233507z, IEIC, 66 KU 67 ZNZND T £ FIVHEDOREZITOIFLERE 68 B
FU'69 & L7,
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OBn OMe e U UaN OBn OMe OH
5 OHC OBn
OO r n-BuLi, THF
MeO N"otss MeO N"orss
OMe
4 62
OBn OMe OH
B
TBAF, THF OO o8n Acz0, Pyr.
CH,CI
MeO N-"on 22
OMe
63
OBn OMe OH O OMe OH
OBn  DDQ, dioxane, H,O OBn
sttt
OO 19%, 4 steps ‘O
MeO OAc MeO OAc
o]
64 65
O OMe OH O OH OH
OB
9® L ) B
MeO OAc MeO OAc
o o}
65 R= Bn (24%: 66), H (41%: 67)
(0] OH OH OH OH
e OO
uant.
MeO X OAc d MeO OH
© 66 68
O OH OH O OH OH
9® gL (1 .
.
A 549
MeO OAc o MeO X-"0oH
o 0
67 69
Scheme 19
IHIT, RUyPNLT—T)UE 66 % IBX TR L 7%, FRRICHIIREZ 1T\ VWEsEd 71
& L7 (Scheme 20)o
OH OH

OBN |8x. THF, DMSO

66

38%

MeO OAc

l l OBn

70

MeO OAc

_KaCOy MeOH
A

7

OH

OBn

Scheme 20
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Scheme 19 & Scheme 20 128 W THE S L7z FHEARIC DWW CREH:EER %2 52 L .

R ERD)

Wy 2L 72, ZOfEHR, EDEMITE LTS - RICHFE R Z RS o, 2D,

TUXNAEmZEHIT S & WEE T 2SI THDEEI SN,

Table 9
Entry Compound ICsq (UM)
1 68 >19
2 69 > 23
3 7 >19
4 NazVO, 0.01
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2-56. +7 b ¥/ vEKOAERNME:

RBIC, 77 b ¥ vERER G LAY OTEMRER 1T ) 2o, HFEERE BER 7
MTERPOERYAT7NTE FANEEHL, 36 LIZEA LR —FTHEL LEY 73 ZHw
T Cdc25A [HEEEZ N2, £, SLnBRPHETH 275 L v 31200 T HiFERHi 2
1o, ZOMHR, F78 L v BKE2L D ODAEMIE. EbEo b1 LA SHERERZ RS I
oz 7z% (Table 10), 7 F ¥/ v &1%i: Cdc25A HE G ICIROEHEL 7 7 79 —Th %
EEZ o,

CHO OMe O
@
OH
72 73
Scheme 21
Table 10
Entry Compound 1C50 (uM)
1 73 > 32
2 3 > 21
3 NazVOy, 0.003
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2-6. M — 1S MEAHEY

Z ZC. in vitro IZ81F % Cdc25A
BT 2 A 2 (LA D » T Ml — A o {onifot  w)
WEELDs, T, UHEEN LEST 5 b0 SO
Eff I N7 27 X VEKS, S8 L
VEKZETIRIZEA LHEEEEZ RS ok
O, FEAMIZIZ Scheme 22 TR T X9 %F 7+ ¥ Scheme 22
) RBGE T AL REER T TH S EEL
Si. BUEETOLE IS, LAY 36 BRbEHERLATE LTI Nz, MTi, 2%
BRI DT DV TRT 197,

(i) C2 1D A F ¥ (MeO-) HiF, AF1L73/ (MeNH-) ¥, EFu¥ )L (HO-) £, 7
£ F)L (AcO-) FEICZMWT 2 EIHMEMET L7, KiC, XFAT 3 B2 ¥ 258K, &£
DALEY D —RRICBHEEE 2R S B o T,

(i) C-6 D Fuxs ks X b X HIcBHT 2L, HTTIEH 2 HEEEIET L 7%,
51T, A P X THOGATOREEMEGEEI R T, G WHETHESR IR S 2 uibaps
DET 20T, EWAMIZIZE FaXo L EDIZ) BEE Lw (Bid),

(i) RPN DT R F, BTV 2= VIR TR S oiEER EE S SR L, k.
TILa—LERKL THEREZT IRV LA L 74 v T2 8, HERMEZFEL CET
L7, Z2DHDRY )V, D & SMRREREZMA T\ 25 2 & OSTERIEFRBIC L E L5
thThHhsrtE25%, £/, BILLTAFLYELTLEY) &, MEEEEEZ RIS HRVWIED
o 72,

(v) 7AX VIO RERZ R T E, HTTRH 2GR L7, LaLAads, o
HAZITI Ny 7V 7RG LT ZIE, & F Y REBEHLT EGEMET L, IR
DR BMEICH B & & HIT, REBDHEIIC X 1 LR S MR s 1 1 % 7R & 72 <
BBEVH)TEMHHLE (#Bih), 207D, RAWEFRL C5 2=y F2EAT2D55,
PEFPHE G, MIEEEE, PCROBIEL oL TORBETH S EEZ ., £/, TAF LM
PR TERICES LTLESTH, in vitro TD Cdc25A FHETRMEII R T DD, BEEREMEICD
WTRHF D ROKRZ RS Aot (BRID), 207w, AT REE L7 775 —Tld
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BWIPEEZOND, 51T, KIMICHRIEE T ZEA L ALEWITE W TH BERERAFIGELMK
T 2B EG TS,

V) b)) —DODOEHEHTHLZ 7V LTI a— LiBiIZ, “EEGEZETGLTHELEZ HT7La—)L
ICL7eh, 7TUMMIZEICL T ESADBEEREL MO T A X VAL D2 L, ik
DHELIE TS 2HIACH o7, £, KDEMLL TREZXY VT LICT 5L, H
FEHERRT OO0, BERBEEZRI R ok (Bh), 20kd, BR#E7I L7 L —
WALTEER IS DR TH D LB Z 6N, 7272 L, 2 ORISR % 22 2D mlEE 725
AL TH2DT, 54N X D SEOIEER LI TE 20D EI6NS,

Fio. SEER L 7ALEWRE, Ty A RORY T4 7avibue— e LTHEALZ
NasVOs & LUl L, 1 Z OPHE ML T 2 K558 & 70> T 7203, NasVO4 13 Cde25A 12X § %
BeBRF MY Gy WEITIHEMRMA 2R 2720, Cde25A HEAIE L TIIARETH B, 20Dk
&, Cdc25A BHFHHIZBHFET 2 7z oI, BERIHEE DRV DO A% 59, Cde25A K B 1E
NN IEEE LA L Tw 2 08036 5, KIATIEZ 0 6 MEABRO R R ICOWTRT,
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2-7. BERRr M & Al Ag SR
2-7-1. PR %

Cdc25A BHEIE MR %2 1T - 7Lt o b <, FHCBHEEMEZ R L 7Zbawz H v,
Z OREEFFREEZ TR, BARIICIE, Cdc25A L FIBRICHLY v EafLiEE & L <@ < PTP1B
(PROMEGA #1) & PP2A (PROMEGA &) X3 2 BHFEHMRER % 17> 7%, PTP1B £ PP2A
EFHEE T Cde25A ZRFEMICIAE T2 2 LR U, 58, o TIENARE L L ChiE
HIBHFEZ AT ) LCIRRICHELZHECTH 2 IMEH ORI ZIH T2 2 ENHRICR L LEZALN
%,

Table 11
enzyme

Compound Cdc25A PTP1B PP2A
4.73 >30 >30

4.19 >30 >30

1.34 >30 >30

37 5.38 2.49 >30

39 4.12 4.49 >30

41 6.95 5.65 >30

44 1.53 20.2 >30

46 23 28 >30

47 8.00 8.72 >30

49 8.31 18 >30

50 3.53 9.43 >30

51 3.10 14.4 >30

52 4.21 14.3 >30
NSC95397 3.53 0.57 0.57

NaszVO, 0.050(nM) 0.017(nM)

Hifizid (uM)

Z OFEH, Table 11 1R L & 92, 8 32, 34 U 36 (X Cdc25A % R S4IC B
T2IEHHL L, 2D, 2-6 WTHRRZEY . 7L X NMMEHOEFEERZOES, 7Y
VTV A= AR R4 BRSO S L AE R, in vitro IS B B IR HE IR0 72
FTeil, BMRENEELE T 2LEMERBT I L TEL,
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2-7-2. NIH3T3 fllfE 2 FH v 72 Ml e R it

INnETIT, MIENT Cdc25A DHFEI NS & Mo G WfEiE»FFEINns 2
ENEIN TS, 22T, 2-7-1 T Cdc25A ZFFEMICIHE L 7 3 2ofb&E v, i
S5LAYREDHIIENT Cde25A ZIHEL TV 3200 —20fFEE LT, #MLAYHRMZ X2 G
s IEEEE & N7

BRI 2 98k & LTk, NIH3T3 #ilig% 1X105 (cells/ml) T 10 cm ¥ ¥ —LIZE W
7eo FH. 0.2% CS DMEM IZH5#i25cH#a L CHlildz Go JWICIHF L 7z, 48 IR IC/LEY) 255
oo 1% &AM L, 37 °C T 15 ERTE L 72, KD 10%=ED CS ZiFM L T, #MlafFE % i
1L 7, MDY Go/Gy -8 H—>Go/M WIHETT9 % £ T 37 °C T 20 Il E L 72, 2Dk
Mgz EI L, PI B, 7u—3% 4 b X —% —THlifd> DNA &REZHEL 7, G L G/M
11Tk DNA R 5874 2 2 & 2312, DNA &I X o TR MR 1 2 ST L 72,

GO 20h cont.
@ | @ ||
5 [
i I:} b
2n 4n._  DNA&E " 2n 4n  DNA®E
32 34 36
@ @ | i
B 5 fa
i % i
2n 4n _ DNARE " 2n 4n  DNAZE " 2n 4n  DNARHE

ZofER, (LAY 34 XU 36 % 3ug/ml BNL 7215, Mg G WEIEFEI NS 2
EDVHIHL 72, e o DbEY)IZ. Cdc25A FrRMHEREZEG L. I 612 G MifEIL/EH
HRT DT, Cdc25A HEAE L CIEFICHEWARBHEZE L TWwEbDEEZ NS,
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w
=16
2
=

MR E LTl CAFERS %N=Y » % H\v», Corey- Chaykovsky = & ¥ > {bL+5
Horner-Wadsworth-Emmons )7 E2fTWLERRF 75 L v 2GR L7, Z0%, MET 57
VTEFDAY TV 72TV, X/ DR, XFNV7 27O A 7 VASINIEAZ T
E7 VEROMBRZITORAY ((2) 1) ~OFRIRD L7, JOGERERE, #fEF7 %/
YRET ) FT7 X OB TH ), FEERGHIEL AR TH L EE R D,
COEHIERE, BRA2 %8 A 7 OFEEEZ GR L 72, Cdc25A PHEEMMEZ FE ML 72 &
5, BHIBNBNARLOE S DHIREZE S 2 ENTE R, T, WS — G EHBINI R O RS
kD, R E D bEATEN G2 E T2 2 2o E2 AT 2 LI L7, KMbé
P 2 E Il ST\ % Cde25A BHEAIZ Mg L, DATIcffificil 7,

BEICHE ST 2R FEI % Cde25A BHEH% Figure 6 12759, Dysidiolide Fitfk
£ Glucolipsin A, 25 A FFEfEDf, ¥/ v EWKEZHET 2 vitamin K BLEYE 2o Cpd 5
% NSC 95397 DWW TIFRMINICHRMZES I NTE D, RETH 7 v ZEFEER (F-Cpd 5)
D3RSI Cdc25A FHEEEZ AT 2 2 A I N T2 (ICs= 0.8 (uM)) . NSC 95397
FIEEICH Cde25A BHETEEZ AT 25 DD, AFEICE W THBERFFREN W I E2VRE
NTnw3Z s, BAFHIZIITEHTHL EEZGND, 72, F-Cpd 5 ICBHL Tlx, PTP1B
EORBEMELMEINTE D, SBHE L 2MIEABRESTON L AREL IRINS, ZN6H
EHRNE L, AR CREICEMI N7 X 7 VHIX, Cpd 5 EDF 7 F X/ VT
VB9 % (3 EDRIRMN 7 Cdc25A BHETGMEZ /R & & b, EEER RN, MlMisIEER b A
LTED, Hasalatzfr) 2 LT, FlEEA L L TR EEZEZA TS,
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HO =

HO o)
(6)
Dysidiolide derivative (2R, 3S)-Glucolipsin A Steroidal derived acids
ICso (M) = 0.44 ICs (uM) = 2.2 ICs (uM) = 1.1
O O F o} OH O
S N F
HO = HO
\/\S \/\S E MeO X oH
O O F o
NSC 95397 Cpd 5 derivative Novel Cdc25A Inhibitor
ICs0 (uM) = 0.1 ICs (UM) = 0.8 ICsq (uM) = 1.3

Figure 6
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20 HHACHIEE, FUAEMEORKR., ZOHBOARIEMHALIC X D, —RHEYE G T 295
Ko e ORI b 723, 1960 FERD X F 2 VilE#E 7 F Y ERE (MRSA) o B
% BEICRR 2 2R B I SRR s B L L BRI T S E . &b TIUS S S ICEE At ARE
ZHIZRITEEZONTV S, 2D, RAITEAMEFRICIT BB, il vy A 7oHiE
AzBAFET 2 2 EEEANLEFICERIhTwE, 22T, BETAHEECREDK I &
ZATBHZD0%, RECUTDI)ITHTEHLTRL %,

F3. A7 7R OLTHIBICET &, U7 7 ANGHIEEIGAEFEIC TR Yy 7 2@ L
rALE&YITH % (Figure 7)., Z DFEHIBEREE LT MRUBHEPL &I EAZI N, Hil Wit
WEHRDAI D72 D 1 DD PEEwHMEL S A, YL 7 7 HNE 7 B ERE, d8HERE, % &
D7 LD S R FLER T, MRREL ED 7 T LEERICE X SIELHIE R~
JEVEHRELTWSEH00, BIfEIF, ZEAEDHERIY L7 7 AR & Ro7c7cd, 20
fEHBEREE IR L T 5

NN S/4

Oy //o n O //O | \\// )\
A\ N
S\ S S\ )\)\ S\
/©/ N N /@/ N ™ OMe /©/
H H
HoN HzN

N
H
H,N
sulfadiazine sulfamonomethoxine sulfamethizole
Me o O
N N\
O o - / 8\1
\\S// _ /O \\ // Me ”
\N N 4
H HoN
H,N —
sulfamethoxazole sulfisoxazole fundamental framework
Figure 7

BUE S EBGEDIRRICINC e 6 TWw 35— 7 7 7 ARFUEMEIZ, Wi b HERD
ZVIETERED 4 BRI 797 ARG E LTk, MIHOMEEED A GMZHE 2 2 i
X OPUEEM 2§, Bl Z OfEEEZ fi7c 2w e o fllE O AINERICp—F 7 7 L
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ROBEEZZ T2 L% 2, B— 778 LRGUEME L, RSN LR=v ) v 256
8 DDA TIHETEILENTES, 209 b, REMNER=ZT YV RIAEMEHLE L7 2 2%
PUEMEIZ O VLT T IZRT,
) R=2 Y URIIAEYE

RZPY VIFRFLED 6afiic TN T S ) HEEET 3 BIEOp—F 7 ¥ 1HITH B
(Figure 8), 7 3 I IVHEORMIC X DHIEIFZ L, — IS 7 F7ERE., MiRMORE % ED 77
LB ICEN YRR 28377, RKGEZ ED 7 7 LRI Th 5, R 2 4
RLPTB—F 72— CHEREICIIIRSBWNZ L, BB TOMIND OROKG08TE
BWIE, 7T 74 7F =2 av i ERITIEBHLIBLEDREERD, TNHDREEW
BT 2HMNTEARRA= ) VARSI TE D, BUETIEY 7 LRI 2 S0 b8
R2RTHDONH 5,

or ; COOH

’ N/83<Me
R N 51~s Me
T AR
0]
R=-CH5-CgHs penicillin G (benzylpenicillin)

-CH,CgH,4-OH penicillin X
-CH,CH=CH-CH,CH3 penicillin F

Figure 8

i) &7 =L RPUEME

7 7BARY Y C ik, R=v Y VRT3 7T ABMEEICN T 2 HE 155
bOD, R=v V) ViR B & D 77 AEER ISR 28O 2 VR S, SRR
Wit Stz, £, 2770 ARY Y CIIp— 777 LBIA AV 2E0 6 BEBHEAL
TEEERE, 20 7 0L 3 IR SEEZ G5 2 L0 6. O DBHinHE &
n, L DYABL7 7 AR VEIDBBFE I N TS (Figure 9), &7 = ARPUEWHEIZ, &
SR S WA E L, 209 BE—IRER= ) ViltER 2 &8 7 7 A5k
H, —HD 77 LABERICESTH L EEDNTWS, 72, 1970 FERICA-> THFEI N
BRI, - RERE S T A CRIGE. IRRE) (IS8T 2 2AR7 FADIEDY) . B—
7772 —RICNT 2 LEE DK S N, BRI TR S T At (RRIRE, A >
NIV H) WNT2HEIOEFEL R, BXOHIHA XY FVOIRRICK E R ER 2 b
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DD, ZOMRDEL 7 2 2HOEBEHIZXID, MRSA B2 LLEEbNLTW S, FEHUHMIZ S
LB - EWEICRIA WPIEA X7 P v e AT 5,

COOH O
0] 8 1
H NT o) Me
HOOC N 5
Y\/\[( S
H H
NH»> (0]

cephalosporin C

Figure 9

ZOM, p—7 7 LRPAEWEE L CA XY 7 2 ARPUEWE, ANk 7 2 5%
PAEWE., WV ARZLRVVEWE., €/ N7 Y LR25UEWE., p— 77 ¥ ~—YHEELR LR
RLICHBAFEIN T3,

RIZHF 7 v R2PiEHEITOW

R
TR T L, ¥/ 0 RPiEsEIR N Me N NK
4—Y Y N v —=3—h )R gz AR | 4 | ™ | |
COOH COOH
G LT 2RI TH D | 1960 o) o)
fundamental framework nalidixic acid

Barton 512k D, ¥/ vy R{Lay
DIWHIRIEAZ AT 2 2 LR &N
7o 2 LTz L Cwb (Figure 10), 2D+ Y 7 ABOBIEKI N, 7 7 LEMERE I T
ZEOHIHEAS RSN T, 1964 FICRYIDOX /7 a v RPiEHE L L CHiesnk, ¥/ av
Al ZRMEFROHBUC L DR Z RIS BB D DOOH - ZNE TOHERLER LY, 77
BB U B R 120 U b RIEFARHUBTEIEZ R . 2 DIRIAVHIE A <7 b oL L
PR 6, $7 7ANCH S B OEHPIEIFEE L QEHSRTWw 5, #IHlox 7 o sANIAR
# SN T, it D SN EMER VG SO 6 . REHEGYEICEIAMHATE R v
W) REZIEZ TV, Z2—F /7 a VY RIEROFFEICK D 77 ZEBMERICN L Ti3did
WEMU LOEEZFS . B—7 7 8 AHIMIERE. MIREZ2 EICHETH 5 & v ) INBHIE AR
RV EFRTEIICEo70HES T, RENCKE, MR~ OBITIEIC b B, WS R Y
PHRUEGE, B EYE % &SRR IR IC DA I N 2L ko,

¥/ v vHlDsT LSOV TOERBEFICOWTIE, 1976 fEIC Gillert 5 23l DNA

Figure 10
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BRIEFRZDOHFIZ DNA v A L—AZHKAL %2 L TZOMIHICE 57, DNA ¥ A L— Rk
SFETIBRIR 2 A8 DNA ISfEH L. RVY X7 LA F Fic KAl HzZ As 2 T, ZHD
FAZAEIFETICDNA G TORENEIZES TEDTE L, AFERIT2O0% 722y b A,
B256k2 4 BEfEEZLTED, ¥/ 0 AliZZod 722y b A L& L TYIW X417 DNA
O AZHIET 2 EE 26N T w5, DNA ¥ ¥ A L —RIEMED & 5 % MR A7
L. B X ) 2 BEZMIECHEERICE C FRA Y X7 —X 1| 13, EYiEEe s Fhnds &
WCRKEREODH 2720, WH X/ 1 VA28 DNA ¥ v A4 L —AEEHZ AR T 2 RE T b
FAVAT—X Il BIREAEHEZRIT R\, 2070, WHEEDEZIEDAEDX /1 v H|DE
Rt e LT Tw2bDEEZNT0 S,

¥ /0 rFofE L TEE L OB OV TIE, MTOREIR T3, 1) 1 Ao
EHILIPIRIEICRE R E 2525, TFNVEDLT 7a 70 il & L RISEORND? 35
SRFOLOVEOIEEZ R T, £/, 7AVA R 7 2 VELERT, iz e iz ks
BOEEREDIGEMRIC L 2 b D EEZoNTVS, 2) 6filc7vAndk 7hiceEwy P,
EXRIPVDEIBIERAT7T IV EEATLZIEICXD, DNA ¥ v A L—ZAHEEEES X O
BEPEDE L C R L, PEIGE, PIEARZ PLVICKERWED RS, 7 MO
BEEEOEAIC X D A2k e U ClitEmE L 2 0 | B RARAN: L AEIEZ RO 2 L TR R
NENREZ R T X HICk o7, 3) 3MDANEFIIVILIFMNHERILE SNTE D, ALK VE,
ZNF YT IR, ) VBED A VR F VOBV SRR 2 T O PIEIEEAME T 2 %,

Pl X5z, Hax i EIBEETHHFE - A I N TEW S, ettt
BIVIZREKRDD ZWZ A2 L3R, 20D, INFEFTLIZB L 2#EZEL. HiLWIEA
B2t A ZR T 22 HIBEL., Z088MEEITH) 2L E LT,

2002 FICHREE O —Ff LL-A9227 BE L h Hiff S -2 un
(0] OH

cl . X3y N3, MRSA % ta0 & T 2 BFRED 7 5 LAGTERE ISR

HO ‘O 7 LTHEFEHZRT LI MEDRLINTWEDARLRLT, ¥/ v
(6]

chloroquinocin %ﬁmﬁ%ﬁ%%ﬁﬁ@@f%@%&z%ﬁ57/%7}%/V%
Figure 11 BELTHAILGNT WS, €5/ F7 %7 vitkiz, edlzx

/a Y RPIEE LD e s THEMEZ AL TV, JnoXx )
>V DEIKERZ MENL L 7R, SRR AR L, MG 2T ) 2 T RO
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M) LB XOPIRART PVOIREZ HiAD 2 2 E3TE, —/TIlE, ¥/ vy Rz2E808HFT %
PSR L OWIEDAERICEH L. MRSA FOREAIMIERE AR 28 L\ A4 7OHiESE2 a1
5 EDHRETIR R0 EEZMRITET L %,
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run¥ vy (74) &, RICHREER L7 Cdc25A FHER (1) LRk, ZBRiHEY
777 X7 URERZAL TR S0, ZOEMERZ GG L, RA» OMIERICTeE
ROSAIRETH 5 L HE AT, ABGHHEICBEIL TiX, Z7vuXx /vy (74) OFM LR EELR R A
Y THBEERFOEAZEIONE LTRA, DR THEFMIEZIT) 2 EDSA[RED, E
7 VEROMEBRIZ WO ) OBEY22EE L, UTOX)ICZODEHLV—F 2HEL &
(Scheme 23), Route 1 137 7% L ¥ 77 IcK L CHERMIGZATH GHEICH D, Zotg¥x / »
DL & ¥ 7 VEROPB 2T ) FETH S, 2L C. Route 2 TlE, 5/ F7+*/ v
78 IO L CTHEFERFOEAZITI)I L E Lk, 97+ 7%/ 78 IZ, Route 1 »F 7% L
v 77 RISERRERE UCRIHTRE L B X, F 7Y LV TT 13, Cde25A [HEH (1) D&
Bk Th s RX> F16 L ) aFEARE L & 2 72,

Rout% Nute 2

O OH OBn OMe O OMe

OO OO BSOS
o
MeHN COH MeO MeO 7
[o) OMe (o]
Cdc25A inhibitor (1) 75 76
OBn OMe OBn OMe (o] oM
Br Br
Y
= JIUL =, JO00
MeO MeO MeO
OMe OMe (o]
16 77 78
Scheme 23
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2-2. F7 7L IcxT AEENKIG (Route 1)

£7. Cdc25A [HEA (1) oAbk Th 2 X2 F 16 2w, HiE TR X
SALHSN 2 (EH S CHBRRIG 2T 78, EUZT AT ER 79 KN LTXF LT Y =¥
WildE 2 MG S T—RBEMRMOGZIT> 72, o k7 ra—n 80 3, AF LT LTk
FERULK VATV ATLZAR T 77 4 —ICKB0MRBHICK) oML TLE) 2L
DL Tz, REEECROMSIGIR L, ZBIEINGE 68% T ik 81 2372, 7
b E L 725212, Route 1 THBF 77 L i 2FEMKIGEIT-o7- 8 2 A, Hirfr
ESEEL S NI e BGonT. 7% ) vNOBLKIEHHET L7z, 512, 7TX¥
—VOBREEIC X D EL 77 b roofiSERILINTL Fo7MEYB RO NI E > 7,

OBn OMe OBn OMe OBn OMe
Br _ ZnBry PhH__ Br MeMgBr, THF Br
(0] -
MeO
OMe
16
OBn OMe (CH,OH), OBn OMe
IBX, THF, DMSO OO Br o p -TsOH, PhH Br o/>
(0]
i 0,
68% in 3 steps MeO 92 % MeO OO
OMe
81 77
NCS, CH,Cl, \
;"/
OBn OMe 0 OMe
Cl Br Br
OO PO
MeO MeO
O Cl
Scheme 24

ZD%, BEHLEFE A2 B EW, KT 77 L v ICB L THEELRKICOWS 21T > 72535,
WINDOEEDLHEOMNEIERFEF2EATE I LIETE 2o,
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2-3. ¥5 /7 F 7 bx ) VIChT 2 EZEKE (Route 2)

FT7I VLN AEREFEAZKIRL, €7 /77 X KL LTS
Route 2 #1792t L7, T, NUPNLI—FANX ) UNERILENTLE)Z L L,
b LAIEZoRERE G2 L BERNICSOGEDFE R Y PV B 2 RG2S
BHRLTLE) ZEWEDERIVHOL LB, HOoPLOEI VERZETLX ) V%
HEELTELE) DREI ARG Z R CE 2 LE2dTH D, DEDOEEEZ S Lic, &
BROPHETH 2LEW 77 ZHOTHIRT 2 7L X VHIBHEZ B AL 7215, BiffiEL €7 VB
PHERZ FIRFICIT VD, S50 ) vANEE L CET / F 7 X/ v 18 ZHAM L7, Boh7: 78
EHOTHEZROGE T 25, HWE §2MERERMINT. €7 VR LICERE 7
BAINIALEMZE LI E o7,

OBn OMe OBn OMe OH

Br o/> n-PrCHO, n-BuLi, THF p-TsOH, PhH
0o
OMe

OMe

0
77 82 OJ

OBn OMe

o DDQ, dioxane, H,0O
= 31% in 3 steps
OMe
83

MeO MeO

MeO

o)
T
MeO
0
Scheme 25
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KIGEEIE T O k) icEzons, Thbb, €7 VROBERTOMECLDE
BEDOEL B0l I NAL 7 4 VEZICEWT, NCS OiERE 2L, EUF XY
ZAAF LT b= ) = VEEREIC X DEFRA Z L TrruAd L 7 4 ViR
84 ERT % (Scheme 26), ZD7-d, XU PINAL 74 VIFEFTIEZra At L 7 4 VAD
RERLTLEI D, AL 74 vE—EELL T2 o BORKIGZRAS Z & & Lk,

Scheme 26
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FICHOWZET 2 F7 %70 78 DAL 7 4 V2 EMUKFERML TP FrE S
>~ 85 L L., MU NCS Z#fEH V728, B X /) VEICEVWTHE 7 VEORY P ILICE
WTHINFRCET L ko7, L2 L %26, Scheme 27 1R T & 9 I BE UG EAA %
vkt s, BEK 86 2822 LIk L, 20%, 2%/ — LBz EHIE3 2L
T, ZODXFNEOBREZFRICT) 2LV TE, I 6 ICRER T2 0 HEE T~ D EIR )G
LbHBEETH S I -7, RRFFLVERRFANOEBRPET LI LR, vAAXT bV
WX DHERZIT) S LD TEL, BRI, RUPAMERBRILL THORXRY O LEL 7 4 v ADE
faz il i, L Lads | BERXY IO I T2 DDQ * Pd/IC % &2 v
TEMR 2T 572 b DD BALRISIE R CHEIT L ko te, Fho, BEREL T ) wlio L%k 86
WXL CHEBRDOBILKIGZ AR, RPNV A L7 4 1k 88 222 L3 TE Lol
ZDr, ¥ vEMERICEFRFPRIAFF2EAT 2 LIRRNETH 5 LhfwIT. €7
VEZEHBRT 2O 7 P v L Tna S VETFOBARIT) 2L E L,

Hy, Pd/C, MeOH

_ =

86%

Pyr-HBr3, THF
—_—m

60%

_— =

5 O OMe
| DDQ or PdIC Br ‘O o
Pz
MeO
0
88
Scheme 27
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2-4. 7 F X 7 VICHT 2EFECEIG

FITHV 7 v a—)L 80 # TBS HETHRF#EL 788, A v 7Y v 7 X h fllgHZEA
#%. DDQ ZfEHIETF7 ¥ /> 91 L L7 (Scheme 28), h v 7V v ICk W AEL Ry
AT A=)z TIPS BETHE L 7.8, HELIGOBmE 21757, ZORE, g Tir-o
TERERDEMLE (EAL 7Y v, FlbFA =) 28O TEEA) X9 ZERVIE kD
S7b DD (FURHEIN £ 72 3 MR SUGR) . NCS ZHV2RIcy7un Xy VIt TRy )
—VEREEEE LT L E 22 2 WHEET L LB ML AL LEY 93 235
hie, ZOHEFRIBEL T, BUHIITIE 2, BIEBRYBES b D LHEZTORds,
BOBRBICE W CHEY ZEEZEHIE 5 2 LT, AV )vafio 70 F vadgl ki, X
F ORI 2> TX / VERPBHOBE I, BN E T 2R EMGo N5 T LA L 72,
207, Bonki#EE 3 2T 20RO Z2ITI L L LT,

OBn OMe OBn OMe OBn OMe
. B
Ol o= [y 2o oo
oL — —_—
o -
MeO MeO 90% in 3 steps MeO
OMe OMe OMe
16 80 89
OBn OMe OH O OMe OH
n-PrCHO, n-BuLi, THF OO DDQ, dioxane, H,0 ‘O
o
MeO 29% in 2 steps MeO
OMe OTBS ° OTBS
90 91
O OMe OTIPS O OMe OTIPS
[
TIPSOTY, 2,6-lutidine ‘O NCS, MeOH C
——
0,
CH,Cl, MeO 55% MeO
89% MeO
© B © B
92 OTBS 93 OTBS
Scheme 28



R TEADGHERE IO W TId, Scheme 29 ICRTEBDTH S, £3., E1t
HYEHIECH H X P X HOPBIC XV HEYL C3 MOBTHENEE D, NCS OIFHETIC
U CRBBEZIT) . RIS, ELAAXF YT LA F VN L TEETH 2 28 ) — L3I
L. AFNT7E2S =Nk 93 L7 s, kigic, @YIRMS 2R >HEE2IESE S LT, 5k
BB R 7z X IS BEEROE M ET L. Hhvna X X EnEonsbotEI o N2,

NCS, MeOH ‘ ’
— (O 'Base ]

N
N—ClI o 0

A\_ r‘t Cljﬁ);[r{ DBU ﬁ

—_—
s + 3 MeO
MeO 1 o MeE)J)O MeO
MebH

Scheme 29
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2-5. Chloroquinocin ((x) -74) D&

BT, 93 DDODT Y NEDH L TBS HOAZFEIRMICHEE I, 7L a— Lz
fLLTr btk 95 L L7tk ot B8 ViR ZHWTURERETZ2HT 2%/~ 96 ~ L4
L7: (Scheme 30), KiZ. A FNHEDOBIHEE L b VNLEDBRERZITI &, EL RV DL
Tha—ET by EORTHTHRKIGNET L, HNET2ES5 /7 F7 %/ v 97T Hifq

ST, mBEICHE S A FNIH%E Scheme 30 ICRTHRAEZHWTIHEEI Y 2 2 &£ T,
chloroquinocin ((z) -74) D& ZZERK L 72,

O OMe OTIPS O OMe OTIPS
cl cl
PPTS, MeOH IBX, THF, DMSO
_—
MeO MeO
MeO MeO
o] o]
93 OTBS 94 OH
O OMe OTIPS OMe OTIPS
c _ DBU,CHCl, _ cl ‘O BBrs, CH,Cly
_—
0,
MeO 51 /o in 3 steps MeO
MeO
95 0 96
O OH O OH
cl i cl
Oy, =2 | 0
= =
MeO HO
0 o]
97 chloroquinocin (74) 98
Scheme 30

LA, B DEFEARY b VT =8 ZET 5 7-9, HPLC % LH-20 Z M\ T
MR 2T 578 2 A, RUVIMIBHERILINALEY 98 DEAL TWw5 Z EAVHIAL 72,

ZOHEIZERY) 98 DRiEIX. chloroquinocin & DMEMESIEF ICE V720, EREo 7 m< b 7
77 4 =W EERELR DAL LE Lz, L2 L7425, chloroquinocin HRDANZLGE 7
FEDER T, BEERE ORI X 2 B OBEKRDIKE (| FRE LTtk RIIwE & 5
AoNT, 2D, FEEIC X D #iFEZ chloroquinocin 2155 X 0 &, B OBiE#E % Bl o ik
ICEZB LT, Y7 unRkorkzliE. H—LaW 2135139 532 DHE I3y &AW L 7,

Fl, BROGBBEBETOTLVTE N EDAY 7Yy 7IZEWT, TBS 2 HT 2 8%E
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& 89 TR LT U X NG ZIT) L. BCTVFABDANVET =F VBIFER Y
IO T v a—o TBS EzHife L., vV LV EoERE I L TLEI LT, F
BERCHYDBR N RV E W) T EDHBHL 7 (Scheme 31), Z2D7-® ., & DBifREE
DA 5T, TBS kD & DIEDET b Rz Shik,

OBn OMe OBn OMe

OO Br oTBS  Halogen-Metal Exchange OO TBSOH
MeO MeO

OMe gq OMe g9

Scheme31

BRBORIIZET %Y 7 aaik 98 DML Scheme 32 DX HIZEZ TS, £T,
DMSO 23% A 7 )UAHINIIZ X 2 VA I L, EC 72 AV A= LA 4 VITK LT LiCl @
ran 7oA VIRGEKET 52 ETHEE FurF e X ) vilBER S ONE, L LADs, Z
DI & Y ¥4 L 72 Corey-Kim BID{GHERED, €7 VBROBEIR FOMETE FEEOE
DT RVINAL 7 4 VEERIG L, BRIFEFBHRINIBICOXF VAN T 4 FOFEZ ]
ST¥7uufka8 BlonsbotEISNS,

O OH O OH O OH
Ci ‘O o LiCl, DMSO Ci ‘O o + Cl o
MeO Z HO 2 HO ‘O 2
(o] o (o] Cl

lDMSO

[0}
LiCl cl % cl
Lo —
Me-S'4 4
(e
cl
Scheme 32
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2-6. WRIEFRLIIG

HRPEETHETLTER BICRL, PUXAFALSILTRF LY ZERAZIETTIL
XUME100 L LB AL RV T7PILa—)LE CEBETT A X4 102 & L7 (Scheme 33),
eV T, TBAF Z T TMS SIS 7 v v o Bk =175 72,

OBn OMe OBn OMe
TMSC=CH
Br Br
OO _mBuLl, THF _ OO
0,
MeO CHO T eew
OMe
5 100
OBn OMe
Br .
MsCl, EtzN ™S LiEt;BH, THF
FZ .
CH,Cl, MeO 92%
82%
OMe Cl
101
OBn OMe OBn OMe
B TMs  TBAF, THF Br
0,
MeO 7% MeO
OMe OMe
102 103
Scheme 33
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Bon7 X A8 103 I L, ~Na Xy v A Y UVLRHIG & 7T e RIS
o, ¥/ o~ t@BlT22LTH 7%/~ 105 £ L7 (Scheme 34), Ay 77U v 7Ick
DELCRY A7)V a—) L% TIPS Mo L 7ok, St s FU St ic TRFMOGE TS 7%
EZ A, BUEEEK107T 2155 2 LIS L 72,

OBn OMe OBn OMe OH
OO Br n-PrCHO, n-BuLi, THF OO
78%
MeO % Meo s
OMe Me OMe Me
103 104
(0] OMe OH
DDQ, dioxane, H,0 ‘O TIPSOTF, 2,6-lutidine, CH,Cl
71% 88Y%
° MeO S ’
(e} Me
105
O OMe OTIPS O OMe OTIPS
‘O NCS, MeOH cl
MeO
e o N M Meo 8 N M
106 © 107 €
Scheme 34

7277 L RIBZRDBEIBEWEAIX, TIPS ol Icf-oTE 7 VEROEARSED 7 £
MR ER>TLE I 20, ZoEFKICEERRELET T 2 epgikanzg v
I HIRDE 5T\ 3 (Scheme 35),

(0] OMe (0] OMe
O™ —| A Iy | — O
MeO % §<§\\CI :'71 Q) MeO Z Me
° . Me N N S Me O s ©

Scheme 35
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2-7. chloroquinocin ((x) -74) DA

W\ C DBU ZHWTH / VERAEEHL , B R v EE2EHIETAF VLYY
NEDBREZRIT ST, 3612, i/ 7 2 Al z v T 7 VBROPHBRKIG 2 il A, 4
FMBEt 2 T o7 & 25, Scheme 36 IR T 87 P L3R W3 2 & CTReb IR R C BHER
RIGHHEFTL, HEEIF/F7 b F /v 9T 285 2 L3 TET,

OMe OTIPS OMe OTIPS

_DBU, CHCh _BBry CHCl
MeO 67% in 2 steps MeO 26%
MeO
OH OH
PdCIy(MeCN),, CH,Cl, cl o MeNH;, THF
92% » 64%
HCI, MeOH

O
chloroquinocin (74)

Scheme 36
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XY Ml b 7 BB OB OBERE % Scheme 37 1R T, WIS, BLbL 128z
I L7V F A L TR TILaA— VB REKEL, 7P LIEA L —oDEE
oS 2, 20%, BELLI0 I3 P74 vt x Y=o a4F o7 a b v ifififd
U CHRALARE DA U, w2 A8 7 2 L O THBES)GEANE 2 5 2 & TH TP (K
PRONDZBDEEZEZ LGNS,

O OH
o OH MeO /\\o;

o Me
MeO \f‘ 6.'?I\L
Pd(I1)Clp >
LA N )
oes: Pd\
Scheme 37

Rfplc, R E o T d ) VRO X FVHBREOBET 21T 7 & 2 5., Scheme
36 DEIHICTEREERTE FReXo X ) UALEMT 2 ERREI N, Thbb, MHiéd
B L 7z Cdc25A FHERID AR DERICH WX ) ICT 2 XF 07 2 2 D~ A 7 VA IE
ANEZTER T2 &L, —EXFFHERZ AT VT I ) HEANEBRL CTHBREZ & 5 2
LT, HiEl XD HEOEIGRE CHBAZ A S 2 LM ELR D, TE 21D &G %
& chloroquinocin ((x) -74) NEFEET LI ENTED X)o7, wBIC, R K
chloroquinocin ((z) -74) ® 'H NMR 2% F LF—% L MR LICHBIN TR F—2 D
—HRHER L 7,
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2-8. HECIGDO P

SEAWEEFRMKITE, " AbEhne X ) YBREE T 2 FEEASRICH % Tk
ThrrEZoN, T, NUTFUYPEHAINTVEZ LT, Z2DBOBEKIGPELIGIC D
IO R 2D TN E AR Y —VTh 2 LEZ 6N, 2D, ST HE#El
RGN E D & 9 R HED 2R 570, EFAEZH T #MOEHEGS L <
Ena 7 AURIGOE 2179 & & LT

2-8-1. fhd a7 ALK

9. Scheme 38 ICART LI R 22t FRFXT14-F7 %/ M2 ZHFEFRE LT
o, 7 VX7 v EEHIETAFULEIT> 7K, NBS  NIS 12Xk b C-3 fiidsm s 1k
INDZDEFR, ZDREHR, NBS DFRICIZE L7 EIC BRI FOEADHR I N b DD, NIS
X a7 EMMEOERIIED onhr o, BIEEFTOLE ZAFEMAMEIZHAL Tw kv
3, —iciE 2 Yy BAMEAGROLEEDBFERTIE R wrEFEZ TV 5,

o) o] o)
4 1) NXS, MeOH X
() 2 () e (1
2) DBU, CH,CI
HO MeO™ 7 ) DBU, CHCL, MeO
o) 0 o)
112 13 X=Cl, 114
Br, 115
Scheme 38
Table 11
Entry X yields from 113
1 Cl 114, 76%
2 Br 115, 82%
3 | no reaction
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2-8-2. RIS

RIT, RSO DBE DR T OV TR 217> 7, £33 Table 12 IR $ X9
A% ) =P 70 by EEEZ W TER L ZIT o272 AH, 28 ) —VDGARICEL T
X — WEDHERTE 2, 612 DBU I X2 BiBEIG 2 fT>7 & 2 A, Z7ua X ok 114
trzunx b XIAR 116 3% 1.2 DEIGTHERL TwE 2 2o 7, £/, n-7 0%/ — )LD
LAabIRIERARORR L ko7, L2LEDBS, 70 = Lo 7uua X b X oK 114
FAERES, 7uuA Y 7u ) UE M7 OAMENER LB /6N, £/ n-7% /=)L T,
7ok — Rtk uu X PR MABRONT, yaa 7 X AR M OBRDERL T, ¢

§ Table 12
7% ) =iTld, Zuaisrelt
Entry Solvent R Results
AT, MEAHERG o, K
1 MeOH Me 114, 76%
cu.\ l&/—ll/iﬁfo ]‘ U 7}1/le 2 EtOH Me 114, 23%
Et 116, 56%
— L E2E R 7 — )z
5 )= NEEGgUA T ILa—)i 3 BUOH unknown
B2 T0, O EeE L EITL kb o 4 i-PrOH iPr 117, 27%
5 .
7o 61T, T a— L RIEELS CFeCHzOn noreacton
6 -PrOH M 114, 24%
= - NN i n-lgr 118, 52%
DIHEHEZ MV L A X5 DS
7 n-BuOH n-Bu 119, 43%
BRI Lo, 7277 L, ¥ 8 BROH no reaction
T XY D ;bg—/a\ X :Piuﬁ% H®» Eyﬁjﬁ'}ﬁ}i 9 2-methyl-2-butanol no reaction
L 10 | alcohol no reaction
EEFFoTHRVDT, BZ5( 7 Properay’ eieone
11 MeCN no reaction
L — )V RIBEE DR & 137 3 K6 12 1,4-dioxane Me 114, 65%"
BB ETF LTV b0 ° TH no reacten
%2 % ﬂ 2, . * Elimination reaction was not needed.
0] (@] (0]
‘O NCS, solvent Cl DBU, CH,Cl, Cl ‘O
Table 12)
MeO ( ) MeO RO
RO
@) (e (0]
113
Scheme 39
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2-8-3. Bl s

oI, BHERUKCOBEEZ 5 7 —)ViclElE L, ZBEE OBEERSOEREI X 216
FROERILICOWTEZ Z2Tok, £3. PIVZFATIvEHAOLESICIE, ZuaoX b ¥
SR M4 E7nnx b Xk 116 3K 1:6 DEIEGTRON T, XIZ, TIvze oy
WP SVICEZLD, BEAEBGEREBL L khote, RBICBRT IV THIAF LTI VE
HAwZBaicid, 7o X FXF4F M4 700 b F4 116 234K L 725, P+ A
FOUAMBOGOSET L, 7m0 7 2 4K 120 © 121 BREFZIEETHROND 2 LML 7%,
¥, BV ENF Y VPANIBEERSSETL, ZJuaX PX K 114 L unun b XK

Table 13
116 233 6 1723, AR g : —
Entry Base Total Yields gﬁliegtmtsy)
R nkrot, 70, ViikiN2 -
1 pyridine no reaction —_—
BEI L, HEMEOMI  EEL R 2 DBU 79% 1:2
HAOBIMGRL T2 TRALD EEZ 3 EtaN 4% 16
4 piperidine 82% 1:3
5% ° EE‘E ES TO)%%O)’%%% 0;"7%% 5 2,6-lutidine no reaction —
EIIC DI I NS L EZ 6155, 6 imidazole 1% 124
. - . " 7 LiHMDS 56% 1:5
RS L ARAF DR EOE 8 i-ProNH 68% 1:12
W& b, EIIC X BBt Ak (G 9 Et,;NH 77% 1:6
10 MeNH 1%+ —
P 1L ETOLEARE NS b0 o -
11 n-BuNH, 80%* -
EHEHII NG, TDXIHIC, HEDOA 12 DMAP 67% 1:1
BoT. BWEPWIES EORIGREE 0 o
cl cl
A BEG T, HBICHEEEORT ‘O ‘O
. MeHN -BuHN
BIEMTES D, SElRE LM -l Al |
120 121
FGFERICHEERRKIGTH B &
Y (N
0 0
‘O NS, EIOH _ Base cl ‘O
MeO MeOO (Table 13) MeO EtO
O O
113 114
Scheme 40
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=

Cdc25A FHEAI (1) Oo/MIEL ZohEGEZFH L TERLZF 7 FF 2 VITHL,
BEBRE L e 2R RG22 T o728, N7V 7 i E L H WA E 7 VEROABRKIGZ T w»
chloroquinocin ((x) -74) DEMEERL 72, 7o, AR TH W ZEER 8 AR, FED
I L ORIBSMZEZ B 1T THMES s a7 ALEYIAN L AT 5 2 L hlRg N
FHETHZ, X/ vERIN LT a7 VEFZ2EAT 2P0 KSR E ICRE SN TIV S
LOD, REBUIEERANEIGH L, Fll R R 21T 7ol 13 0, 20ORKIGIE, 5%
b FEA AL LD KA ERANOHHAD A% 6§, FEEHEE~OEH L cE 2 6H
Bk cThartHEIONS,
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1. Experimental of Cdc25A inhibitors

IR spectra were recorded on a JASCO Model A-202 spectrophotometer. 'H NMR and '°C NMR
spectra were obtained on JEOL JNM EX-270 and JEOL JNM GX-400 spectrometers in deuterated
solvents using tetramethylsilane as an internal standard. High-resolution mass spectra were
obtained on a Hitachi M-80 B GC-MS spectrometer operating at the ionization energy of 70 eV.
Melting points were measured on a Yanaco MP-S3 and uncorrected. Silica gel column
chromatography was carried out using Kanto Chemical silica 60N (sherical, neutral, 63-210 um).
HPLC was carried out using JASCO TRI ROTAR-V HPLC PUMP and JASCO UNIDEC-100-V UV
Spectrometer. Preparative and analytical Thin-layer chromatography (TLC) were carried out on a
silica gel plates (Kieselgel 60 F254, E. Merck AG, Germany). Reaction was monitored by UV
(254nm) light and/or stained with 5 % phosphomolybdic acid in ethanol as developing agents,
followed in the latter case by heating on an electric plate. The work-up procedure described in
experimentals constituted: Drying with anhydrous Na,SO4 and removal of solvents under reduced

pressure.

5-Bromo-4-hydroxy-3-methoxybenzaldehyde (7).
CHO

MeO Br
OH
A mixture of vanillin (100 g, 0.66 mol) and bromine (34 ml, 0.66 mmol) in AcOH (500 ml)

was stirred at room temperature for 2.5 h. The reaction mixture was quenched by the addition of
H,O at 0 °C and filtered on a paper, and washed with H,O.  The filtrate and washings were
concentrated in vacuo. Purification by recrystallization from MeOH gave 7 (122 g, 80%) as a pale
yellow plate: IR (disk) 3291, 1675, 1590, and 1424 cm™"; &y (270 MHz, CDCls) 4.00 (s, 3H), 6.47 (s,
1H), 7.37 (d, 1H, J=1.7 Hz), 7.65 (d, 1H, J= 1.7 Hz), and 9.80 (s, 1H); 8¢ (67.80 MHz, CDCls) 56.6,
107.8, 108.0, 129.9, 130.0, 148.5, 148.7, and 189.5. HRMS calcd for CgH;BrO; ([M]") m/z
229.9578, found 229.9571.
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5-Bromo-3,4-dimethoxybenzaldehyde (8).
CHO

MeO Br
OMe

To a solution of 7 (15.9 g, 69 mmol) in DMF (150 ml) were added K,COs; (19.0 g, 140
mmol) and Mel (8.6 ml, 140 mmol) at 0 °C. After being stirred at room temperature for 13 h, the
reaction was quenched by the addition of saturated aq. NH4Cl at 0 °C, and two layers were
separated. The aqueous layer was extracted with hexane-ethyl acetate (1/1), and combined
organic layers were washed with brine and worked up. Recrystallization from ether gave 8 (16.0
g, 95%) as a colorless needle: IR (disk) 1692, 1565, and 1487 cm™; 8 (270 MHz, CDCls) 3.94 (s,
3H), 3.96 (s, 3H), 7.39 (d, 1H, J= 1.7 Hz), 7.66 (d, 1H, J= 1.7 Hz), and 9.85 (s, 1H); 8¢ (67.80 MHz,
CDCls) 56.3, 60.9, 109.9, 117.8, 128.7, 132.9, 154.0, 154.1, and 189.6. HRMS calcd for CoHgBrOs;
(IM]") m/z 243.9735, found 243.9754.

5-Benzyloxy-1-bromo-2,3-dimethoxybenzene (9).
OBn

MeO Br
OMe

To a solution of 8 (20.2 g, 82 mmol) in CH,ClI, (300 ml) was added mCPBA (30.0 g, 0.17
mol) at 0 °C. After being stirred at room temperature for 11 h, the reaction was quenched by the
addition of saturated aq. Na;S;0; at 0 °C. The aqueous layer was washed with CHCI;, and
combined organic layers were washed with saturated ag. NaHCO; and brine, and evaporated in
vacuo. The crude oil was used directly for the next reaction without further purification.

To a solution of the crude product in DMF (200 ml) were added K>COs (24.7 g, 0.18 mol)
and BnBr (10.0 ml, 84 mmol) at 0°C. After being stirred at room temperature for 10 h, the
reaction was quenched by the addition of saturated agq. NH4Cl at 0 °C, and two layers were
separated. The aqueous layer was extracted with hexane-ethyl acetate (1/1), and combined

organic layers were washed with brine and worked up. Purification by silica gel chromatography
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(hexane-ethyl acetate=30:1 to 5:1) afforded 9 (18.3 g, 69% from 8) as a colorless oil: IR (film) 1599,
1571, and 1490 cm™"; 81 (270 MHz, CDCls) 3.80 (s, 3H), 3.82 (s, 3H), 4.99 (s, 2H), 6.53 (d, 1H, J=
2.0 Hz), 6.73 (d, 1H, J= 2.0 Hz), and 7.36-7.42 (complex, 5H); 8¢ (67.80 MHz, CDCls) 56.0, 60.7,
70.6, 100.6, 108.7, 117.3, 127.5, 128.1, 128.5, 136.2, 140.7, 153.9, and 155.4. HRMS calcd for
C15H1sBrO; ([M]") m/z 322.0204, found 322.0200.

5-Benzyloxy-2,3-dimethoxybenzaldehyde (6).
OBn

MeO CHO
OMe

To a solution of 9 (21.8 g, 67 mmol) in THF (600 ml) were added n-BuLi (75 ml of a 2.67
M solution in hexane, 200 mmol) and DMF (100 ml, 1.3 mol) at —78 °C all at once. After being
stirred at the same temperature for 10 min, the reaction was quenched by the addition of saturated
aq. NH4Cl. The aqueous layer was washed with ethyl acetate, and combined organic layers were
washed with brine and evaporated in vacuo. Purification by silica gel chromatography (hexane-
ethyl acetate=3:1) afforded 6 (16.0 g, 87%) as a yellow oil: IR (film) 1658, 1602, and 1490 cm™; 8y
(270 MHz, CDCls) 3.88 (s, 3H), 3.94 (s, 3H), 5.05 (s, 2H), 6.83 (d, 1H, J= 2.9 Hz), 6.95 (d, 1H, J=
2.9 Hz), 7.33-7.46 (complex, 5H), and 10.4 (s, 1H); 8¢ (67.80 MHz, CDCl;) 56.0, 62.8, 70.4, 100.1,
107.7, 127.6, 128.1, 128.5, 129.3, 136.2, 147.7, 153.8, 155.2, and 189.6. HRMS calcd for
Ci6H1604 ([M]") m/z 272.1047, found 272.1056.

(3E)-4-(5-Benzyloxy-2,3-dimethoxyphenyl)-3-ethoxycarbonylbut-3-enoic acid (10).
OBn

CO,H

=
MeO CO,Et
OMe
To a solution of 6 (20.3 g, 60 mmol) in THF (70 ml) was slowly added NaH (2.55 g, 60%

dispersion in oil, 64 mmol) at 0 °C. After being stirred at room temperature for 2 h, a solution of

2-diethoxyphosphono-t-butylethylsuccinate (8.19 g, 30 mmol) in THF (25 ml) was added at 0 °C.
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The cooling bath was removed and stirring was continued for further 3 h. The reaction was
quenched by the addition of saturated aq. NH4Cl at 0 °C. The aqueous layer was washed with
ethyl acetate, and combined organic layers were washed with brine and evaporated. The crude
oil was used directly for the next reaction without further purification.

To a solution of the crude product in ether (20 ml) were added water (20 ml) and
trifluoroacetic acid (60 ml) at 0 °C. After being stirred at room temperature for 4.5 h, the mixture
was concentrated in vacuo. The residue was purified by silica gel chromatography (hexane-ethyl
acetate=2:1) to give 10 (9.31 g, 77% from 6) as an oil: IR (film) 1710, 1591, and 1485 cm’; 8y (270
MHz, CDCls) 1.35 (t, 3H, J=7.2 Hz), 3.46 (s, 2H), 3.72 (s, 3H), 3.84 (s, 3H), 4.31 (q, 2H, J= 7.2 Hz),
5.04 (s, 2H), 6.51 (s, 1H), 6.62 (s, 1H), 7.32-7.43 (complex, 5H), and 7.97 (s, 1H); 8¢ (67.80 MHz,
CDCls) 14.2, 34.1, 55.8, 61.3, 61.4, 70.3, 72.3, 102.2, 104.7, 126.6, 127.2, 127.9, 128.5, 128.7,
136.5, 138.4, 141.5, 153.4, 154.8, 167.1, and 176.6. HRMS calcd for CzH2407 (IM]") m/z
400.1520, found 400.1518.

8-Benzyloxy-3-ethoxycarbonyl-5,6-dimethoxynaphthyl acetate (11).
OBn OAc

OMe
A mixture of 10 (10.0 g, 25 mmol) and KOAc (2.50 g, 25 mmol) in acetic anhydride (190

MeO CO,Et

ml) was heated at refluxing temperature. After being stirred for 30 min, the mixture was cooled to
room temperature and concentrated in vacuo. The residue was diluted with water and extracted
with ethyl acetate. The organic layer was washed with saturated ag. NaHCO; and brine, and
dried over anhydrous Na;SO4. Concentration followed by recrystallization from hexane/ethyl
acetate afforded 11 (9.81 g, 92%) as a pale yellow crystal: mp 156-157 °C ; IR (disk) 1757, 1714,
and 1604 cm™; 84 (270 MHz, CDCl3) 1.42 (t, 3H, J= 7.2 Hz), 1.66 (s, 3H), 3.95 (s, 3H), 3.97 (s, 3H),
4.42 (g, 2H, J= 7.2 Hz), 5.10 (s, 2H), 6.85 (s, 1H), 7.39-7.51 (complex, 6H), and 8.73 (s, 1H); dc
(67.80 MHz, CDCls) 14.4, 20.3, 57.0, 61.2, 61.5, 71.7, 100.2, 116.6, 116.8, 122.5, 128.3, 128.5,
128.7, 128.8, 131.0, 135.7, 137.8, 146.7, 148.7, 151.1, 165.7, and 170.0. HRMS calcd for
C24H2407 (IM]") m/z 424.1519, found 424.1512.
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Ethyl 5-benzyloxy-4-hydroxy-7,8-dimethoxynaphthalene-2-carboxylate (12).
OBn OH

OMe
To a suspension of 11 (3.76 g, 8.9 mmol) in EtOH (80 ml) was added K,COs (12.7 g, 92

MeO CO,Et

mmol) at 0 °C. The mixture was stirred at room temperature for 18 h. After the solvent was
removed in vacuo, the residue was poured into water, and extracted with ethyl acetate. The
combined organic extracts were washed with brine and evaporated in vacuo. Purification by
silica gel chromatography (hexane-ethyl acetate=3:1) afforded 12 (2.92 g, 86%) as a yellow plate:
mp 115-116 °C (hexane/ethyl acetate); IR (disk) 3395, 2977, 2945, 2848, 1698, and 1613 cm™; 8
(270 MHz, CDCls) 1.42 (t, 3H, J= 7.3 Hz), 3.94 (s, 3H), 3.95 (s, 3H), 4.41 (q, 2H, J= 7.3 Hz), 5.26
(s, 2H), 6.78 (s, 1H), 7.27 (s, 1H), 7.43-7.50 (complex, 5H), 8.30 (s, 1H), and 9.29 (s, 1H); dc
(67.80 MHz, CDCls) 14.4, 57.2, 61.1, 61.3, 72.3, 98.7, 107.9, 112.9, 115.0, 127.9, 128.9, 129.0,
129.8, 130.9, 134.6, 138.1, 138.6, 143.0, 148.2, 151.6, 154.6, 166.5, and 183.6. HRMS calcd for
C22H2,06 ([M]") m/z 382.1416, found 382.1435.

8-Benzyloxy-3-hydroxymethyl-5,6-dimethoxynaphthol (13).
OBn OH

(o

OMe
To a solution of 12 (3.41 g, 8.9 mmol) in THF (50 ml) was carefully added LiAIH4 (0.82 g,

MeO

22 mmol) at 0 °C. After being stirred at room temperature for 30 min, the reaction was quenched
with saturated aq. NH4Cl at 0 °C, and two layers were separated. The aqueous layer was
extracted with ethyl acetate, and combined organic layers were washed with brine and worked up.
Recrystallization from hexane/ethyl acetate afforded 13 (2.79 g, 92%) as a yellow crystal: mp
131-132 °C; IR (disk) 3386, 2941, 2844, 1635, and 1616 cm™"; 8y (270 MHz, CDCls) 3.89 (s, 3H),
3.94 (s, 3H), 4.74 (s, 2H), 5.24 (s, 2H), 6.66 (s, 1H), 6.72 (s, 1H), 7.39-7.50 (complex, 6H), and
9.25 (s, 1H); 6c (67.80 MHz, CDCls) 57.1, 61.0, 65.5, 72.1, 72.3, 96.5, 107.4, 109.6, 110.6, 127.9,
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128.8, 129.0, 131.5, 134.9, 137.6, 137.7, 141.1, 148.0, 151.8, and 154.7. HRMS calcd for
C20H200s ([M]") m/z 340.1311, found 340.1305.

8-Benzyloxy-2-bromo-3-hydroxymethyl-5,6-dimethoxynaphthol (14).
OBn OH

Br
(L

OMe
To a solution of 13 (2.42 g, 7.1 mmol) in THF (50 ml) was slowly added Pyr-HBr; (2.52 g,

MeO

7.9 mmol) at 0 °C. The mixture was stirred at the same temperature for 1 h. A solution of
saturated aq. Na,S,0; was slowly added, and the resulting mixture was partitioned between water
and ethyl acetate. The combined organic layers were washed with saturated aq. Na,S.0O; and

brine and worked up. The residue was recrystallized from hexane/ethyl acetate to give 14 (2.60 g,

87%) as a brown needle: mp 165 °C dec.; IR (disk) 3504, 3354, 3056, 2972, 2940, 2881, 2360,
and 1612 cm’™; 8w (270 MHz, CDCls) 2.25 (br, 1H), 3.90 (s, 3H), 3.97 (s, 3H), 4.85 (s, 2H), 5.26 (s,
2H), 6.74 (s, 1H), 7.44-7.47 (complex, 5H), 7.65 (s, 1H), and 9.99 (s, 1H); d¢ (67.80 MHz, DMSO-
ds) 56.7, 56.9, 60.4, 63.1, 63.8, 71.4, 97.7, 99.6, 101.4, 109.5, 128.3, 128.5, 128.7, 128.9, 135.5,
136.0, 140.1, 148.2, 149.7, and 150.1. HRMS calcd for CaoH1oBrOs (IM]") m/z 418.0416, found

418.0363.

(5-Benzyloxy-3-bromo-4,7,8-trimethoxy-2-naphthyl)methan-1-ol (15).
OBn OMe

Br
DO

OMe
To a solution of 14 (810 mg, 1.9 mmol) in DMF (10 ml) were added K,CO; (1.62 g, 12

MeO

mmol) and Mel (0.36 ml, 5.8 mmol) at 0 °C. The mixture was stirred at room temperature for 3 h,
and poured into water, and extracted with hexane-ethyl acetate (1/1). The combined extracts
were washed with saturated aqg. Na,S;Os and brine, and dried over anhydrous Na,SO..

Concentration and purification by silica gel chromatography (chloroform-ethyl acetate=3:1)
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afforded 15 (742 mg, 88%) as a colorless crystal: 64 (270 MHz, CDCls) 3.90 (s, 3H), 3.91 (s, 3H),
3.93 (s, 3H), 4.77 (s, 2H), 5.13 (s, 2H), 6.70 (s, 1H), 6.72 (s, 1H), 7.34 (d, 1H, J= 7.0 Hz), 7.41 (4,
2H, J= 6.8 Hz), 7.56 (s, 1H), and 7.60 (complex, 2H).

5-Benzyloxy-3-bromo-4,7,8-trimethoxynaphthalene-2-carbaldehyde (5).
OBn OMe

CCr

MeO CHO

OMe

To a solution of 15 (894 mg, 2.1 mmol) in CH.Cl; (5 ml) and DMSO (4 ml) were added
triethylamine (1.7 ml, 12 mmol) and SOs-Pyr (1.01 g, 6.3 mmol) at 0 °C. After being stirred at
room temperature for 25 min, the reaction was quenched with 1 M HCI at 0 °C, and two layers
were separated. The aqueous layer was extracted with chloroform, and combined organic layers
were washed with brine and worked up. The residue was purified by silica gel chromatography
(chloroform) to afford 5 (840 mg, 94%) as a yellow crystal: IR (disk) 2943, 2848, 1687, 1612, and
1577 cm’"; 8y (400 MHz, CDCls) 3.80 (s, 3H), 3.95 (s, 3H), 3.96 (s, 3H), 5.20 (s, 2H), 6.91 (s, 1H),
7.38 (d, 1H, J=7.2 Hz), 7.43 (t, 2H, J= 7.2 Hz), 7.56 (d, 2H, J= 7.2 Hz), 8.50 (s, 1H), and 10.50 (s,
1H); 8¢ (100.40 MHz, CDCls) 56.9, 61.5, 61.9, 62.0, 62.1, 72.8, 100.5, 103.3, 113.8, 119.6, 121.4,
127.7, 128.1, 128.6, 129.9, 131.5, 136.3, 138.9, 149.0, 151.0, 154.1, and 192.2. HRMS calcd for
C21H19BrOs (IM]") m/z 430.0416, found 430.0345.

8-Benzyloxy-2-bromo-1,5,6-trimethoxy-3-(oxiran-2-yl)-naphthalene (16).
OBn OMe

Br
(1T
MeO

OMe
DMSO (5 ml) was added to NaH (161 mg, 60% dispersion in oil, 4.0 mmol) placed in a
two necked, round-bottomed flask at room temperature. After being stirred for 2 h, the mixture
was diluted with THF (20 ml). A solution of trimethylsulfonium iodide (787 mg, 3.9 mmol) in

DMSO (8 ml) was slowly added at 0 °C, and the reaction mixture was stirred below 5 °C. After 15
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min, a solution of 5 (314 mg, 0.76 mmol) in THF (15 ml) was added at 0 °C over 10 min. After
being stirred for 20 min, a solution of saturated aq. NH4Cl| was slowly added, and the resulting
mixture was partitioned between water and ethyl acetate. The combined organic layers were
washed with brine and worked up. Purification by silica gel chromatography (hexane-ethyl
acetate=3:1) afforded 16 (302 mg, 93%) as a pale yellow needle: mp 133-134 °C (hexane/ethyl
acetate); IR (disk) 2931, 2858, 1612, 1593, and 1574 cm™"; 8 (400 MHz, CDCls) 2.72 (dd, 1H, J=
2.8, 6.0 Hz), 3.25 (dd, 1H, J= 4.0, 6.0 Hz), 3.78 (s, 3H), 3.89 (s, 3H), 3.95 (s, 3H), 4.26 (dd, 1H, J=
2.8,4.0 Hz), 5.18 (s, 2H), 6.78 (s, 1H), 7.37 (d, 1H, J=7.2 Hz), 7.43 (t, 2H, J= 7.2 Hz), 7.56 (d, 2H,
J=7.2 Hz), and 7.79 (s, 1H); 8¢ (100.40 MHz, CDCls) 51.1, 52.9, 56.9, 61.2, 61.9, 72.6, 100.4,
100.5, 113.5, 114.4, 116.7, 127.7, 128.0, 128.5, 130.8, 136.1, 136.6, 137.3, 143.9, 148.6, 151.1,
and 153.2. HRMS calcd for C22H21BrOs ([M]") m/z 444.0572, found 444.0568.

Ethyl (2E)-4-[5-benzyloxy-3-bromo-4,7,8-trimethoxy(2-naphthyl)]but-2-enoate (17).
OBn OMe

Br
T eomn

OMe
ZnBr, (338 mg, 1.5 mmol) in PhH (15 ml) was refluxed. After 25 min, a solution of 16

MeO

(210 mg, 0.47 mmol) in PhH (5 ml) was added to the mixture at the same temperature.  After
being stirred for 20 min, the reaction was poured into water, and extracted with ethyl acetate.
The combined extracts were washed with water and brine, and worked up. The crude oil was
used directly for the next reaction without further purification.

To a solution of triethylphosphonoacetate (0.30 ml, 1.5 mmol) in THF (10 ml) was added
NaH (66.7 mg, 60% dispersion in oil, 1.7 mmol) at 0 °C. After 1.5 h, a solution of the above
mixture in THF (5 ml) was added at —78 °C. After 1 h, the reaction was quenched by the addition
of saturated aq. NH4Cl at 0 °C and two layers were separated. The aqueous layer was extracted
with ethyl acetate, and combined organic layers were washed with brine and worked up.
Purification by silica gel chromatography (hexane-ethyl acetate=1:1) afforded 17 (205 mg, 84%
from 16) as a pale yellow oil: IR (film) 2937, 2846, 1716, 1614, 1591, and 1573 cm™"; 84 (270 MHz,

CDCls) 1.27 (t, 3H, J= 7.0 Hz), 3.77 (s, 3H), 3.82 (d, 2H, J= 6.2 Hz), 3.90 (s, 3H), 3.95 (s, 3H), 4.18
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(0, 2H, J= 7.0 Hz), 5.18 (s, 2H), 5.81 (d, 1H, J= 16.0 Hz), 7.18 (dt, 1H, J= 6.2, 16.0 Hz), 7.36 (d, 1H,
J= 7.2 Hz), 7.42 (t, 2H, J= 7.2 Hz), 7.56 (d, 2H, J= 7.2 Hz), and 7.74 (s, 1H); o (67.80 MHz,
CDCls) 14.3, 39.5, 56.8, 60.2, 61.1, 61.8, 72.5, 100.1, 116.1, 116.3, 118.4, 122.7, 127.6, 127.9,
128.4, 130.3, 130.5, 136.4, 136.5, 136.7, 140.1, 145.7, 148.4, 151.0, 153.7, and 166.2. HRMS
calcd for CosH27BrOs (IM]7) m/z 514.0991, found 514.0966.

(2E)-4-[5-Benzyloxy-3-bromo-4,7,8-trimethoxy(2-naphthyl)]but-2-en-1-ol (18).
OBn OMe

O
A
O

OMe
To a solution of 17 (147 mg, 0.29 mmol) in THF (3 ml) was added DIBAL (1.5 ml of a 1.0

MeO H

M solution in toluene, 1.5 mmol) at =78 °C. After being stirred for 35 min, a solution of 4 M HCI
was slowly added, and the resulting mixture was partitioned between water and ethyl acetate.
The combined organic layers were washed with saturated ag. NaHCO; and brine, then worked up.
Purification by silica gel chromatography (hexane-ethyl acetate=1:1) afforded 18 (125 mg, 93%)
as a pale yellow plate: mp 104-105 °C (hexane/ethyl acetate); IR (disk) 3521, 2902, 2860, 1614,
1589, and 1574 cm™; &y (270 MHz, CDCls) 1.82 (brs, 1H), 3.66 (d, 2H, J= 6.2 Hz), 3.77 (s, 3H),
3.90 (s, 3H), 3.94 (s, 3H), 4.13 (q, 2H, J= 5.4 Hz), 5.17 (s, 2H), 5.75 (dt, 1H, J= 5.4, 16.0 Hz), 5.95
(dt, 1H, J=6.2, 16.0 Hz), 6.74 (s, 1H), 7.37 (d, 1H, J= 7.2 Hz), 7.42 (t, 2H, J= 7.2 Hz), 7.56 (d, 2H,
J=7.2 Hz), and 7.73 (s, 1H); dc (67.80 MHz, CDCls) 39.6, 56.8, 61.1, 61.7, 63.4, 63.5, 72.5, 99.8,
115.8, 116.6, 117.7, 127.6, 127.8, 128.3, 129.5, 129.6, 130.5, 131.0, 131.1, 136.7, 138.5, 148.2,
151.0, and 153.3. HRMS calcd for C24H25BrOs ([M]") m/z 472.0885, found 472.0893.
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1-{(2E)-4-[5-Benzyloxy-3-bromo-4,7,8-trimethoxy(2-naphthyl)]but-2-enyloxy}-

1,1,2,2-tetramethyl-1-silapropane (4).
OBn OMe

Br
L

OMe
To a solution of 18 (125 mg, 0.26 mmol) in DMF (3 ml) were added imidazole (180 mg,

MeO OTBS

2.6 mmol) and TBDMSCI (215 mg, 1.4 mmol) at 0 °C. After being stirred at the same
temperature for 15 min, the reaction was poured into water, and extracted with ethyl acetate. The
combined organic extracts were washed with brine and dried over anhydrous Na;SO..
Concentration followed by purification by silica gel chromatography (hexane-ethyl acetate=3:1)
afforded 4 (149 mg, 96%) as a yellow oil: IR (film) 2931, 2894, 2854, 1614, 1591, and 1576 cm’;
81 (400 MHz, CDCls) 0.07 (s, 6H), 0.90 (s, 9H), 3.65 (d, 2H, J= 6.8 Hz), 3.76 (s, 3H), 3.89 (s, 3H),
3.94 (s, 3H), 4.19 (q, 2H, J= 5.2 Hz), 5.18 (s, 2H), 5.67 (dt, 1H, J= 5.2, 15.0 Hz), 5.93 (dt, 1H, J=
6.8, 15.0 Hz), 6.74 (s, 1H), 7.36 (d, 1H, J= 7.2 Hz), 7.42 (t, 2H, J= 7.2 Hz), 7.56 (d, 2H, J= 7.2 Hz),
and 7.73 (s, 1H); d¢c (100.40 MHz, CDCls) -5.0, 18.5, 25.7, 26.0, 39.6, 56.9, 61.3, 61.7, 63.7, 72.6,
99.9, 115.9, 116.8, 117.7, 127.6, 127.7, 127.9, 128.5, 130.6, 131.6, 135.3, 136.8, 137.0, 139.0,
148.2, and 151.1. HRMS calcd for C30H30BrOsSi ([M]") m/z 586.1750, found 586.1758.

(2E)-4-[5-Benzyloxy-3-hydroxypentyl-4,7,8-trimethoxy(2-naphthyl)]but-2-en-1-ol

(3).
OBn OMe OH

(S

OMe
To a solution of 4 (125 mg, 0.21 mmol) in THF (3 ml) were added n-BuLi (0.66 ml of a

MeO OH

1.59 M solution in hexane, 1.0 mmol) and n-valeraldehyde (0.67 ml, 6.3 mmol) at —78 °C all at
once. The reaction was quenched with saturated aq. NaHCO; and two layers were separated.
The aqueous layer was extracted with ethyl acetate, and combined organic layers were washed

with brine, and worked up to afford a crude benzyl alcohol which was used directly in the next step.
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To a solution of the crude product in THF (5 ml) was added TBAF (2.1 ml of a 1.0 M
solution in THF, 2.1 mmol) at 0 °C. The cooling bath was removed and stirring was continued for
2 h. The reaction was quenched by the addition of water at 0 °C and two layers were separated.
The aqueous layer was extracted with ethyl acetate, and combined organic layers were washed
with brine and worked up. The residue was purified by silica gel chromatography (hexane-ethyl
acetate=1:1) to give 3 (95.3 mg, 93% from 4) as a yellow oil: IR (film) 3408, 2933, 2858, 1620, and
1574 cm™; 84 (270 MHz, CDCls) 0.92 (t, 3H, J= 6.2 Hz), 1.37-1.39 (complex, 2H), 1.63-1.80
(complex, 2H), 1.92-2.04 (complex, 2H), 3.57 (d, 2H, J= 5.4 Hz), 3.80 (s, 3H), 3.90 (s, 3H), 3.93 (s,
3H), 4.09 (d, 2H, J= 5.6 Hz), 4.99 (m, 1H), 5.1 (d, 1H, J= 11.0 Hz), 5.19 (d, 1H, J= 11.0 Hz), 5.64
(dt, 1H, J= 5.6, 15.0 Hz), 5.91 (dt, 1H, J= 5.4, 15.0 Hz), 6.73 (s, 1H), 7.36 (d, 1H, J= 7.2 Hz), 7.41
(t, 2H, J=7.2 Hz), 7.53 (d, 2H, J= 7.2 Hz), and 7.65 (s, 1H); dc (67.80 MHz, CDCls) 14.2, 22.8, 29.2,
36.6, 39.0, 50.3, 56.9, 61.1, 63.4, 64.0, 71.1, 72.9, 100.3, 113.7, 115.1, 118.2, 127.4, 127.8, 128.4,
130.7, 131.0, 131.2, 136.8, 136.9, 137.0, 147.9, 151.1, 154.8, and 163.6. HRMS calcd for
C20H3606 ([M]") m/z 480.2512, found 480.2493.

(2E)-4-[5-Benzyloxy-3-hydroxypentyl-4,7,8-trimethoxy(2-naphthyl) Jbut-2-enyl

acetate (20).
OBn OMe OH

(L

OMe
To a solution of 3 (377 mg, 0.78 mmol) in CH,Cl, (10 ml) was added pyridine (0.13 ml,

MeO OAc

1.6 mmol) and acetic anhydride (66 wl, 0.70 mmol) at 0 °C. After being stirred at room
temperature for 2.5 days, the reaction mixture was evaporated in vacuo. The residue was
purified by silica gel chromatography (hexane-ethyl acetate=3:1) to afford 20 (313 mg, 76%) as a
yellow oil: IR (film) 3480, 2933, 2857, 1739, 1620, and 1573 cm™"; &4 (400 MHz, CDCls) 0.93 (t, 3H,
J=6.8 Hz), 1.34-1.44 (complex, 4H), 1.63-1.83 (complex, 2H), 2.04 (s, 3H), 3.62 (d, 2H, J= 6.4 Hz),
3.80 (s, 3H), 3.90 (s, 3H), 3.94 (s, 3H), 4.55 (d, 2H, J= 6.4 Hz), 5.01 (m, 1H), 5.12 (d, 1H, J=11.0
Hz), 5.19 (d, 1H, J= 11.0 Hz), 5.61 (dt, 1H, J= 6.4, 15.0 Hz), 6.01 (dt, 1H, J= 6.0, 15.0 Hz), 6.74 (s,
1H), 7.36 (d, 1H, J= 7.2 Hz), 7.42 (t, 2H, J= 7.2 Hz), 7.53 (d, 2H, J= 7.2 Hz), and 7.66 (s, 1H); ¢
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(100.40 MHz, CDCls) 14.2, 21.0, 22.7, 29.2, 36.4, 38.9, 56.9, 61.0, 63.9, 64.8, 70.9, 72.8, 100.2,
115.0, 118.3, 125.4, 127.4, 127.8, 128.2, 128.4, 130.9, 131.2, 134.2, 136.6, 136.8, 137.0, 147.9,
151.1, 154.8, and 170.6. HRMS calcd for C31H3s07 ([M+H]") m/z 522.2618, found 523.2718.

(2E)-4-3-Hydroxypentyl-4,7-dimethoxy-5,8-dioxo(2-naphthyl)Jbut-2-enyl  acetate

().

O OMe OH
(I <
MeO OAc
O

To a solution of 20 (82.8 mg, 0.16 mmol) in CH,Cl, (5 ml) was added a suspension of
DDQ (109 mg, 0.48 mmol) in t-BuOH (2 ml) and water (2 ml) at 0 °C. After being stirred for 10
min, a solution of saturated ag. NaHCO; was added, and the mixture was partitioned between
water and chloroform. The combined organic extracts were washed with water and brine, dried
over anhydrous Na,SO, and concentrated in vacuo. Purification by preparated TLC (25 cm x 25
cm x 0.5 mm, ethyl acetate) afforded 2 (57.3 mg, 87%) as a yellow oil: IR (film) 3502, 2935, 1737,
1683, 1648, and 1619 cm™"; 81 (400 MHz, CDCls) 0.90 (t, 3H, J= 7.2 Hz), 1.28-1.37 (complex, 4H),
1.57-1.68 (complex, 2H), 2.03 (s, 3H), 3.56 (d, 2H, J= 6.4 Hz), 3.85 (s, 3H), 3.91 (s, 3H), 4.51 (d,
2H, J= 6.0 Hz), 4.94 (m, 1H), 5.58 (dt, 1H, J= 6.4, 15.0 Hz), 5.88 (dt, 1H, J= 6.0, 15.0 Hz), 6.06 (s,
1H), and 7.74 (s, 1H); dc (100.40 MHz, CDCls) 14.1, 20.9, 22.6, 28.8, 36.3, 37.7, 56.3, 63.4, 64.4,
70.5, 111.7, 125.1, 126.6, 126.8, 127.4, 128.4, 131.7, 132.1, 144.3, 158.7, 170.6. 179.6, and 183.7.
HRMS calcd for Ca3H2507 (IM]7) m/z 416.1835, found 416.1883.
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(2E)-4-[4-Hydroxy-3-hydroxypentyl-7-methoxy-5,8-dioxo(2-naphthyl) Jbut-2-enyl

acetate (21).

O OH OH
(I <
MeO OAc
O

To a solution of BBr; (0.05 ml of a 1.0 M solution in CH2Cl,, 0.05 mmol) in CH.Cl, (2 ml)
was added a solution of 2 (15.0 mg, 36 umol) in CH.Cl> (1.5 ml) at —78 °C. After being stirred for
3 min, the reaction mixture was poured into water, and partitioned between water and chloroform.
The combined organic layers were washed with brine, and worked up. Purification by preparated
TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl acetate=1:1) to afford 21 (5.6 mg, 39%) as a yellow
oil and 2 (4.1 mg, 27%): IR (film) 3534, 2956, 1739, 1683, and 1625 cm™; 8 (270 MHz, CDCls)
0.90 (t, 3H, J= 6.8 Hz), 1.33-1.42 (complex, 4H), 1.50-1.76 (complex, 2H), 2.05 (s, 3H), 3.50 (d, 2H,
J=5.8 Hz), 3.92 (s, 3H), 4.52 (d, 2H, J= 6.2 Hz), 4.86 (m, 1H), 5.59 (dt, 1H, J= 5.8, 15.0 Hz), 5.87
(dt, 1H, J= 6.2, 15.0 Hz), 6.07 (s, 1H), 7.48 (s, 1H), and 13.11 (s, 1H); 8¢ (67.80 MHz, CDCls) 14.1,
21.0, 22.7, 28.6, 36.3, 36.4, 49.2, 49.3, 56.7, 64.4, 70.6, 109.3, 121.7, 126.8, 129.0, 131.6, 138.4,
144.4, 159.5, 161.0, 190.7, and 206.5. HRMS calcd for C2oH2607 ([M+H]+) m/z 402.1679, found
403.1732.

(2E)-4-[4-Hydroxy-3-hydroxypentyl-7-methylamino-5,8-dioxo(2-naphthyl) Jbut-2-

enyl acetate (22).

) OH OH
MeHN ‘ I N OAc
)

To a solution of 21 (7.4 mg, 18 umol) in THF (2 ml) was added methylamine (50 ul, 40
wt% in MeOH, 0.70 mmol) at 0 °C. After being stirred for 30 min, the solvents were removed in
vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl

acetate=1:2) to afford 22 (7.3 mg, 99%) as a red oil: IR (film) 3357, 2956, 1737, and 1616 cm™; 8

(270 MHz, CDCls3) 0.90 (t, 3H, J= 6.8 Hz), 1.25-1.43 (complex, 4H), 1.54-1.76 (complex, 2H), 2.05
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(s, 3H), 2.94 (d, 3H, J= 5.4 Hz), 3.46 (d, 2H, J= 6.2 Hz), 4.53 (d, 2H, J= 5.9 Hz), 4.82 (m, 1H),
5.58-5.64 (m, 2H), 5.87 (dt, 1H, J= 6.2, 15.0 Hz), 6.17 (m, 1H), 7.39 (s, 1H), and 14.09 (s, 1H); dc
(67.80 MHz, CDCls) 14.2, 21.0, 22.7, 28.6, 29.3, 36.2, 36.3, 49.2, 64.5, 70.9, 99.2, 121.0, 126.5,
128.4, 131.9, 139.1, 142.3, 149.6, 159.7, 170.6, 180.4, and 188.8. HRMS calcd for CzH2rNOs
(IMI") m/z 401.1838, found 401.1815.

7-((2E)-4-Hydroxybut-2-enyl)-5-hydroxy-6-hydroxypentyl-2-

methylaminonaphthalene-1,4-dione (23).

@) OH OH
MeHN ‘ | X OH
O

To a solution of 22 (12.9 mg, 32 umol) in MeOH (2 ml) was added K,CO3 (21.3 mg, 0.15
mmol) at 0 °C. After being stirred at room temperature for 12 h, the reaction mixture was poured
into water and partitioned between water and ethyl acetate. The combined organic layers were
washed with brine, and worked up. Purification by preparated TLC (25 cm x 25 cm x 0.5 mm,
hexane-ethyl acetate=3:1) afforded 23 (10.6 mg, 92%) as a red oil: IR (film) 3357, 2929, and 1614
cm™: 8 (270 MHz, CDCls) 0.90 (t, 3H, J= 6.8 Hz), 1.25-1.39 (complex, 4H), 1.49-1.78 (complex,
2H), 2.94 (d, 3H, J= 5.4 Hz), 3.43 (complex, 2H), 4.11 (d, 2H, J= 5.2 Hz), 4.84 (m, 1H), 5.57 (s, 1H),
5.65 (dt, 1H, J= 5.2, 15.0 Hz), 5.81 (dt, 1H, J= 5.9, 15.0 Hz), 6.17 (s, 1H), 7.38 (s, 1H), and 14.07
(s, 1H); oc (67.80 MHz, CDCls) 14.2, 21.5, 22.7, 28.6, 29.3, 36.2, 36.3, 49.3, 49.4, 63.2, 70.9, 99.2,
121.0, 128.6, 131.8, 139.0, 149.6, 159.7, 188.8, and 208.0. HRMS calcd for CaH2sNOs ([M+H]")
m/z 359.1733, found 360.1800.
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2-[(1R*3R*-1-Butyl-10-hydroxy-7-methylamino-6,9-dioxobenzo[2,1-

glisochroman-3-ylJacetic acid (25).

O OH
O
CHO
MeHN
O

A mixture of 23 (23.2 mg, 64 umol) and MnO; (223 mg, 2.6 mmol) in CH.Cl, (5 ml) was
heated to 40 °C. After 2 h, precipitates were filtered through a Celite pad, and washed with

MeOH, and the filtrate and washings were concentrated in vacuo. The residue was purified by
preparated TLC (25 cm x 25 cm x 0.5 mm, ethyl acetate) to afford 25 (16.7 mg, 72%) as a red oil:
on (270 MHz, CDCI3) 0.91-1.05 (complex, 3H), 1.44-2.38 (complex, 10H), 3.62 (m, 1H), 5.18 (m,

1H), 5.37 (complex, 2H), 7.37 (s, 1H), 9.49 (s, 1H), and 14.52 (s, 1H).

2-[(1R*3R*)-1-Butyl-10-hydroxy-7-methylamino-6,9-dioxobenzo[2,1-gJisochroman-3-

yllacetic acid (1).

CO,H

To a solution of 25 (9.3 mg, 26 umol) in acetone (1 ml) was added Jones reagent
(excess amount) at =25 °C. After being stirred at the same temperature for 2.5 h, i-PrOH (5 ml)
was added and the cooling bath was removed. Brine was added, and extracted with ethyl
acetate. The combined extracts were dried over anhydrous Na,SO4 and concentrated in vacuo.
Purification by preparated TLC (25 cm x 25 cm x 0.5 mm, chloroform-methanol=5:1) afforded 1
(5.3 mg, 55%) as a red oil: d4 (400 MHz, CDCI5) 0.86 (t, 3H, J= 7.2 Hz), 1.25-2.23 (complex, 5H),
2.67-2.89 (complex, 3H), 2.97 (d, 3H, J= 7.2 Hz), 3.96 (s, 3H), 5.00 (m, 1H), 5.55 (s, 1H), 7.22 (m,
1H), 7.29 (s, 1H), and 14.08 (s, 1H).
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(1R*,3R*)-1-Butyl-7,10-dimethoxy-3-(2-oxoethyl)benzo[2,1-glisochromane-6,9-
dione (28).

To a solution of 3 (120 mg, 0.25 mmol) in CH.Cl, (1 ml) was added a suspension of
DDQ (171 mg, 0.75 mmol) in t-BuOH (1 ml) and water (1 ml) at 0 °C. After being stirred for 15
min, a solution of saturated ag. NaHCO; was added, and the resulting mixture was partitioned
between water and ethyl acetate. The combined organic extracts were washed with brine, dried
over anhydrous Na,SO, and concentrated in vacuo to afford a crude naphthoquinone 26, which
was used directly in the next step.

A mixture of the crude 26 and MnO, (872 mg, 10 mmol) in CH,Cl, (5 ml) was heated to
40 °C. After 3.5 h, precipitates were filtered through a Celite pad and washed with CHCIls/MeOH,
and the filtrate and washings were concentrated in vacuo. The residue was passed through a
silica gel chromatography (hexane-ethyl acetate=1:1), and the eluent was concentrated in vacuo.
Purification by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl acetate=1/1) afforded 28
(58.7 mg, 63% from 3) as a red oil: 64 (400 MHz, CDCI;) 0.86 (t, 3H, J= 6.8 Hz), 1.18-1.58
(complex, 4H), 1.88-2.13 (complex, 2H), 2.65-2.86 (complex, 2H), 3.85 (s, 3H), 3.89 (s, 3H), 4.08
(m, 1H), 4.48 (m, 1H), 5.01 (m, 1H), 6.07 (s, 1H), 7.41 (s, 1H), and 9,87 (s, 1H).
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Methyl 2-((1R*,3R*)-1-butyl-7,10-dimethoxy-6,9-dioxobenzo[2,1-g]isochroman-3-
yl)acetate (29).

O OMe

CO2Me
MeO

O

A mixture of the 28 (58.7 mg, 0.16 mmol) and PDC (1.19 g, 3.2 mmol) in DMF (5 ml)
was stirred at room temperature for 21 h. The reaction was poured into water, and extracted with
ethyl acetate. The combined extracts were washed with water, dried over anhydrous Na;SO4,
and concentrated in vacuo to afford a crude carboxylic acid, which was used directly in the next
step.

To a solution of the crude product in MeOH (3 ml) was added TMSCHN, (0.80 ml of a
2.0 M solution in hexane, 1.6 mmol) at room temperature. After being stirred for 2 h, the reaction
was concentrated in vacuo and purified by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-
ethyl acetate=1:1) to afford 29 (30.7 mg, 48% from 28) as a yellow oil: IR (film) 2954, 2859, 1739,
1683, 1648, 1619, and 1589 cm™"; 8+ (400 MHz, CDCls) 0.82 (t, 3H, J= 6.8 Hz), 1.13-1.52 (complex,
4H), 1.67-1.84 (m, 1H), 2.02-2.08 (m, 1H), 2.56-2.81 (complex, 4H), 3.71 (s, 3H), 3.85 (s, 3H),
3.89 (s, 3H), 3.91-3.97 (m, 1H), 4.37 (m, 1H), 4.82 (m, 1H), 6.05 (s, 1H), and 7.68 (s, 1H); ¢
(100.40 MHz, CDCls) 14.1, 22.6, 27.2, 32.4, 35.7, 40,5, 51.8, 56.2, 61.7, 63.1, 69.4, 74.7, 111.7,
123.6, 140.8, 142.4, 156.3, 157.3, 158.7, 171.2, 179.9, and 183.9. HRMS calcd for C22H»607 ([M]")
m/z 402.1679, found 402.1663.
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Methyl 2-((1R*,3R*)-1-butyl-10-hydroxy-7-methoxy-6,9-dioxobenzo[2,1-

glisochroman-3-yl)acetate (30).

O OH
(@)
CO2Me
MeO
O

To a solution of 29 (4.7 mg, 12 umol) in CH,Cl. (1 ml) was added BBr; (0.10 ml of a 1.0
M solution in CH2Cl,, 0.10 mmol) at —78 °C. After being stirred for 20 min, the reaction mixture
was poured into water and partitioned between water and CHCIl;. The combined organic layers
were washed with brine, and worked up. Purification by preparated TLC (25 cm x 25 cm x 0.5
mm, hexane-ethyl acetate=1:1) afforded 30 (1.8 mg, 41%) as a yellow oil: 84 (400 MHz, CDCls)
0.92 (t, 3H, J= 6.8 Hz), 1.25-1.58 (complex, 4H), 1.74-1.76 (m, 1H), 1.92-1.98 (m, 1H), 2.58-2.78
(complex, 4H), 3.74 (s, 3H), 3.91 (s, 3H), 3.91-3.97 (m, 1H), 4.38 (m, 1H), 6.06 (s, 1H), 7.41 (s,
1H), and 12.6 (s, 1H).

Methyl 2-((1R*,3R*)-1-butyl-10-hydroxy-7-methylamino-6,9-dioxobenzo[2,1-

glisochroman-3-yl)acetate (31).

@) OH
O
COzMe
MeHN
O

To a solution of 30 (3.9 mg, 10 umol) in THF (1 ml) was added methylamine (20 ul, 40
wt% in MeOH, 0.28 mmol) at 0 °C. After being stirred for 30 min, the solvent was removed in
vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl
acetate=1:1) to afford 31 (3.4 mg, 87%) as a red amorphous powder: dy (270 MHz, C3Ds0) 0.82 (t,
3H, J= 6.8 Hz), 1.18-1.82 (complex, 5H), 2.16 (m, 1H), 2.47-2.93 (complex, 4H), 2.86 (d, 3H, J=
5.4 Hz), 3.55 (s, 3H), 3.83 (m, 1H), 4.26 (m, 1H), 5.43 (s, 1H), 7.17 (s, 1H), 7.17 (m, 1H), and 13.8
(s, 1H). HRMS calcd for C,1H2sNOs ([M]") m/z 387.1682, found 387.1658.
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2-[(1R*3R*-1-Butyl-10-hydroxy-7-methylamino-6,9-dioxobenzo[2,1-

glisochroman-3-yl]acetic acid (1).

O

CO,H

To a solution of 31 (1.3 mg, 3.4 umol) in MeOH (1 ml) was added a solution of KOH (1
mg, 17 umol) in H2O (0.3 ml) at 0 °C. After 24 h, a solution of 1M HCI was slowly added, and the
reaction mixture was partitioned between water and CHCIl;. The combined organic layers were

worked up to afford 1 (1.9 mg, quant.).

7-((2E)-4-Hydroxybut-2-enyl)-6-(hydroxypentyl)-2,5-dimethoxynaphthalene-1,4-

dione (32).
O OMe OH
(S
MeO OH
@)

To a solution of 3 (3.2 mg, 6.7 umol) in CH2Cl> (1 ml) was added a suspension of DDQ
(30.8 mg, 0.14 mmol) in BuOH (0.3 ml) and water (0.5 ml) at 0 °C. After being stirred for 20 min,
a solution of saturated aq. NaHCO; was added, and the resulting mixture was partitioned between
water and chloroform. The combined organic extracts were washed with brine, dried over
anhydrous Na,SO,4 and concentrated in vacuo. Purification by preparated TLC (25 cm x 25 cm x
0.5 mm, ethyl acetate) afforded 32 (1.6 mg, 64%) as a yellow crystal: &4 (270 MHz, CDCls) 0.88 (t,
3H, J= 7.2 Hz), 1.31-2.06 (complex, 10H), 3.53 (d, 2H, J= 6.0 Hz), 3.87 (s, 3H), 3.93 (s, 3H), 4.11
(d, 2H, J= 4.3 Hz), 4.94 (m, 1H), 5.64 (m, 1H), 5.82 (m, 1H), 6.07 (s, 1H), and 7.75 (s, 1H).
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7-((2E)-4-Hydroxybut-2-enyl)-5-hydroxy-6-(hydroxypentyl)-2-

methoxynaphthalene-1,4-dione (34).

(@) OH OH
(1L
MeO OH
(@)

To a solution of 33 (3.2 mg, 8.0 umol) in MeOH (1 ml) was added K.COs3 (14.1 mg, 0.10
mmol) at 0 °C. After being stirred at room temperature for 1 h, the reaction mixture was poured
into water and partitioned between water and ethyl acetate. The combined organic layers were
washed with brine, and worked up. Purification by preparated TLC (25 cm x 25 cm x 0.5 mm,
ethyl acetate) afforded 34 (2.0 mg, 69%) as a yellow oil: 4 (270 MHz, CDCls) 0.91 (t, 3H, J=7.2
Hz), 1.40 (complex, 4H), 1.70 (m, 1H), 2.08 (m, 1H), 3.49 (d, 2H, J= 5.1 Hz), 3.92 (s, 3H), 4.12
(complex, 2H), 4.89 (m, 1H), 5.66 (dt, 1H, J= 4.0, 15.0 Hz), 5.83 (dt, 1H, J= 6.8, 15.0 Hz), 6.08 (s,
1H), 7.50 (s, 1H), and 13.1 (s, 1H).

(2E)-4-(4-Hydroxy-7-methoxy-5,8-dioxo-3-pentanoyl(2-naphthyl))but-2-enyl

acetate (35).

O OH O
MeO | I A OAc
@)

To a solution of 33 (2.6 mg, 6.5 umol) in THF-DMSO (=9/1, 1 ml) was added IBX (20.6
mg, 74 umol) at 0 °C. After being stirred at room temperature for 1.5 h, the reaction mixture was
filtered through a Celite pad and washed with hexane-ethyl acetate (=3/1), and the filtrate and
washings were concentrated in vacuo. The residue was purified by preparated TLC (25 cm x 25
cm x 0.5 mm, hexane-ethyl acetate=1:1) to afford 35 (2.7 mg, quant.) as a yellow oil: dx (270 MHz,
CDCl3) 0.94 (t, 3H, J= 7.3 Hz), 1.37 (complex, 2H), 1.68 (complex, 2H), 2.11 (s, 3H), 2.86 (t, 2H,
J=7.6 Hz), 3.36 (d, 2H, J= 6.2 Hz), 3.93 (s, 3H), 4.52 (d, 2H, J= 6.2 Hz), 5.62 (dt, 1H, J= 5.9, 15.0
Hz), 5.81 (dt, 1H, J= 5.9, 15.0 Hz), 6.11 (s, 1H), 7.52 (s, 1H), and 12.5 (s, 1H).
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7-((2E)-4-Hydroxybut-2-enyl)-5-hydroxy-2-methoxy-6-pentanoylnaphthalene-1,4-

dione (36).
OH O

(L,

O
To a solution of 35 (2.7 mg, 6.8 umol) in MeOH (1 ml) was added K,COj; (11.3 mg, 82

MeO

umol) at 0 °C. After being stirred at room temperature for 35 min, the reaction mixture was
poured into water and partitioned between water and ethyl acetate. The combined organic layers
were washed with brine, and worked up. Purification by preparated TLC (25 cm x 25 cm x 0.5
mm, hexane-ethyl acetate=1:1) gave 36 (2.3 mg, 96%) as a yellow oil: 64 (270 MHz, CDCls) 0.94 (t,
3H, J= 7.3 Hz), 1.34 (complex, 2H), 1.67 (complex, 2H), 2.87 (t, 2H, J= 7.3 Hz), 3.35 (d, 2H, J= 5.4
Hz), 3.93 (s, 3H), 4.20 (complex, 2H), 5.64-5.83 (complex, 2H), 6.11 (s, 1H), 7.53 (s, 1H), and 12.5

(s, 1H).
7-((2E)-4-Hydroxybut-2-enyl)-6-(hydroxypropyl)-2,5-dimethoxynaphthalene-1,4-
dione (37).
O OMe OH
MeO | I
O N

OH

To a solution of 4 (93.9 mg, 0.16 mmol) in THF (5 ml) were added n-BuLi (0.50 ml of a
1.59 M solution in hexane, 0.80 mmol) and propionaldehyde (0.23 ml, 3.2 mmol) at —78 °C all at
once. The reaction was quenched with saturated ag. NaHCO; and two layers were separated.
The aqueous layer was extracted with ethyl acetate, and combined organic layers were washed
with brine, and worked up to afford a crude benzyl alcohol which was used directly in the next step.

To a solution of the crude product in CH2Cl, (2 ml) was added a suspension of DDQ
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(120 mg, 0.53 mmol) in --BuOH (0.3 ml) and water (1 ml) at 0 °C. After being stirred for 40 min, a
solution of saturated aq. NaHCO3; was added, and the mixture was partitioned between water and
chloroform. The combined organic extracts were washed with water and brine, dried over
anhydrous Na;SO4 and concentrated in vacuo. The crude oil was used directly for the next
reaction without further purification.

To a solution of the crude product in THF (3 ml) was added a mixture of TBAF (0.53 mi
of a 1.0 M solution in THF, 0.53 mmol) and AcOH (33 ul, 0.58 mmol) at 0 °C. The cooling bath
was removed and stirring was continued for 11 h. The reaction was quenched by the addition of
water at 0 °C and two layers were separated. The aqueous layer was extracted with ethyl
acetate, and combined organic layers were washed with saturated aq. NaHCO; and brine, and
worked up. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, ethyl acetate)
to give 37 (13.1 mg, 24% from 4) as a yellow oil: d4 (270 MHz, CDCls) 1.05 (t, 3H, J= 7.2 Hz),
1.72-2.04 (complex, 4H), 3.55 (d, 2H, J= 5.4 Hz), 3.90 (s, 3H), 3.94 (s, 3H), 4.12 (d, 2H, J= 5.4 Hz),
4.87 (m, 1H), 5.66 (m, 1H), 5.83 (m, 1H), 6.07 (s, 1H), and 7.76 (s, 1H).

7-((2E)-4-Hydroxybut-2-enyl)-6-(hydroxypropyl)-5-methoxy-2-
(methylamino)naphthalene-1,4-dione (38).

O OMe OH
MeHN I I
O X

OH

To a solution of 37 (7.7 mg, 22 umol) in THF (1.5 ml) was added methylamine (50 ul, 40
wt% in MeOH, 0.52 mmol) at 0 °C. After being stirred for 21 h, the solvent was removed in vacuo.
The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, ethyl acetate) to afford 38
(4.7 mg, 61%) as a red oil: d4 (270 MHz, CDCl5) 1.03 (t, 3H, J= 7.2 Hz), 1.70-2.01 (complex, 2H),
2.90 (d, 3H, J= 54 Hz), 3.47-3.53 (complex, 2H), 3.96 (s, 3H), 4.13 (complex, 2H), 4.83 (m, 1H),
5.59-5.89 (complex, 3H), and 7.68 (s, 1H).
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7-((2E)-4-Hydroxybut-2-enyl)-6-(hydroxyhexyl)-2,5-dimethoxynaphthalene-1,4-
dione (39).
O OMe OH

MeO

OH

To a solution of 4 (93.5 mg, 0.16 mmol) in THF (3 ml) were added n-BuLi (0.50 ml of a
1.59 M solution in hexane, 0.80 mmol) and n-hexyl aldehyde (0.60 ml, 5.0 mmol) at —78 °C all at
once. The reaction was quenched with saturated aq. NaHCO; and two layers were separated.
The aqueous layer was extracted with ethyl acetate, and combined organic layers were washed
with brine, and worked up to afford a crude benzyl alcohol which was used directly in the next step.

To a solution of the crude product in CH2Cl, (3 ml) was added a suspension of DDQ
(112 mg, 0.49 mmol) in £-BuOH (0.5 ml) and water (0.5 ml) at 0 °C. After being stirred for 30 min,
a solution of saturated ag. NaHCO; was added, and the mixture was partitioned between water
and chloroform. The combined organic extracts were washed with water and brine, dried over
anhydrous Na,SOs and concentrated in vacuo. The crude oil was used directly for the next
reaction without further purification.

To a solution of the crude product in THF (3 ml) was added a mixture of TBAF (0.53 ml
of a 1.0 M solution in THF, 0.53 mmol) and AcOH (33 ul, 0.58 mmol) at 0 °C. The cooling bath
was removed and stirring was continued for 15 h. The reaction was quenched by the addition of
water at 0 °C and two layers were separated. The aqueous layer was extracted with ethyl
acetate, and combined organic layers were washed with brine and worked up. The residue was
purified by preparated TLC (25 cm x 25 cm x 0.5 mm, ethyl acetate) to give 39 (29.0 mg, 47% from
4) as a yellow oil: 64 (270 MHz, CDCl;) 0.88 (t, 3H, J= 7.2 Hz), 1.31-2.06 (complex, 10H), 3.53 (d,
2H, J= 6.0 Hz), 3.87 (s, 3H), 3.93 (s, 3H), 4.11 (d, 2H, J= 4.3 Hz), 4.94 (m, 1H), 5.64 (m, 1H), 5.82
(m, 1H), 6.07 (s, 1H), and 7.75 (s, 1H).
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7-((2E)-4-Hydroxybut-2-enyl)-6-(hydroxyhexyl)-5-methoxy-2-

(methylamino)naphthalene-1,4-dione (40).

O OMe OH
MeHN
O AN

OH

To a solution of 39 (7.8 mg, 20 umol) in THF (1 ml) was added methylamine (30 ul, 40
wt% in MeOH, 0.83 mmol) at 0 °C. After being stirred for 10 h, the solvent was removed in vacuo.
The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, ethyl acetate) to afford 40
(4.2 mg, 54%) as a red oil: dy (270 MHz, CDCls) 0.90 (t, 3H, J= 7.2 Hz), 1.26-1.96 (complex, 10H),
2.90 (d, 3H, J=5.4 Hz), 3.51 (d, 2H, J= 5.4 Hz), 3.96 (s, 3H), 4.13 (d, 2H, J=4.2 Hz), 4.91 (m, 1H),
5.63-5.89 (complex, 3H), and 7.69 (s, 1H).

6-(Hydroxybenzyl)-7-((2E)-4-hydroxybut-2-enyl)-2,5-dimethoxynaphthalene-1,4-

dione (41).
O OMe OH
(L™
MeO
O X

OH

To a solution of 4 (92.4 mg, 0.16 mmol) in THF (2 ml) were added n-BuLi (0.60 ml of a
1.59 M solution in hexane, 0.95 mmol) and benzaldehyde (0.60 ml, 5.9 mmol) at —78 °C all at once.
After 10 min, the reaction was quenched with saturated ag. NaHCO; and two layers were
separated. The aqueous layer was extracted with ethyl acetate, and combined organic layers
were washed with brine, and worked up to afford a crude benzyl alcohol which was used directly in

the next step.
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To a solution of the crude product in CH2Cl, (4 ml) was added a suspension of DDQ
(94.9 mg, 0.42 mmol) in --BuOH (0.5 ml) and water (1 ml) at 0 °C. After being stirred for 35 min, a
solution of saturated ag. NaHCO; was added, and the mixture was partitioned between water and
chloroform. The combined organic extracts were washed with water and brine, dried over
anhydrous Na;SO4 and concentrated in vacuo. The crude oil was used directly for the next
reaction without further purification.

To a solution of the crude product in THF (2 ml) was added a mixture of TBAF (0.53 mi
of a 1.0 M solution in THF, 0.53 mmol) and AcOH (33 ul, 0.58 mmol) at 0 °C. The cooling bath
was removed and stirring was continued for 2 h. The reaction was quenched by the addition of
water at 0 °C and two layers were separated. The aqueous layer was extracted with ethyl
acetate, and combined organic layers were washed with brine and worked up. The residue was
purified by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl acetate=1:3) to give 41 (14.9
mg, 18% from 4) as a yellow oil: 84 (400 MHz, CDCls) 3.22 (s, 3H), 3.59 (d, 2H, J= 4.1 Hz), 3.87 (s,
3H), 4.04-4.10 (complex, 3H), 5.63 (m, 1H), 5.80 (m, 1H), 6.06 (s, 1H), 6.13 (d, 1H, J= 6.2 Hz),
7.22-7.34 (complex, 5H), and 7.86 (s, 1H).

6-(Hydroxybenzyl)-7-((2E)-4-hydroxybut-2-enyl)-5-methoxy-2-

(methylamino)naphthalene-1,4-dione (42).
O OMe OH

To a solution of 41 (8.1 mg, 21 umol) in THF (1.5 ml) was added methylamine (50 ul, 40
wt% in MeOH, 0.52 mmol) at 0 °C. After being stirred for 12 h, the solvent was removed in vacuo.
The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, ethyl acetate) to afford 42
(4.7 mg, 58%) as a red oil: d4 (270 MHz, CDCls) 1.62 (complex, 2H), 2.90 (d, 3H, J= 5.4 Hz), 3.23

(s, 3H), 3.59 (d, 2H, J= 6.0 Hz), 5.61-6.13 (complex, 4H), 7.21-7.35 (complex, 5H), and 7.84 (s,
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1H).

4-Benzyloxy-1,2,5-trimethoxy-7-(methoxymethyl)naphthalene (43).
OBn OMe

(L o

OMe
To a solution of 13 (159 mg, 0.47 mmol) in DMF (3 ml) were added NaH (121 mg, 60%

MeO

dispersion in oil, 3.0 mmol) and Mel (0.18 ml, 2.9 mmol) at 0 °C. The mixture was stirred at room
temperature for 1.5 h, and poured into water, and extracted ethyl acetate. The combined extracts
were washed with saturated ag. Na;S;0; and brine, and dried over anhydrous NaSO,.
Concentration and purification by silica gel chromatography (hexane-ethyl acetate=5:1 to 1:1)
afforded 43 (111 mg, 65%) as a colorless needle: 64 (270 MHz, CDCls) 3.45 (s, 3H), 3.94 (s, 6H),
3.97 (s, 3H), 4.60 (s, 2H), 5.17 (s, 2H), 6.75 (s, 1H), 6.78 (s, 1H), 7.35 (d, 1H, J= 7.0 Hz), 7.40 (t,
2H, J=7.6 Hz), 7.59 (d, 2H, J= 7.6 Hz), 7.65 (s, 1H).

2,5-Dimethoxy-7-(methoxymethyl)naphthalene-1,4-dione (44).

O OMe
‘O OMe
MeO
0]

To a solution of 43 (78.4 mg, 0.21 mmol) in CH2Cl, (2 ml) was added a suspension of
DDQ (135 mg, 0.59 mmol) in +-BuOH (1 ml) and water (1 ml) at 0 °C. After being stirred for 2 h, a
solution of saturated ag. NaHCO; was added, and the mixture was partitioned between water and
chloroform. The combined organic extracts were washed with water and brine, dried over
anhydrous Na,SO, and evaporated in vacuo. Purification by preparated TLC (25 cm x 25 cm x

0.5 mm, chloroform-ethyl acetate=1:1) afforded 44 (47.1 mg, 84%) as a yellow oil: 4 (270 MHz,

CDCls) 3.46 (s, 3H), 3.86 (s, 3H), 4.01 (s, 3H), 4.54 (s, 2H), 6.07 (s, 1H), 7.34 (s, 1H), 7.69 (s, 1H).
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5-Methoxy-7-(methoxymethyl)-2-(methylamino)naphthalene-1,4-dione (45).

O OMe
‘O OMe
MeHN
)

To a solution of 44 (3.9 mg, 10 umol) in THF (1 ml) was added methylamine (20 ul, 40
wt% in MeOH, 0.28 mmol) at 0 °C. After being stirred for 30 min, the solvent was removed in
vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl
acetate=1:1) to afford 45 (3.4 mg, 87%) as a red oil: d4 (400 MHz, CDCl;) 2.87 (d, 3H, J= 7.2 Hz),

3.45 (s, 3H), 4.00 (s, 3H), 4.53 (s, 2H), 5.37 (s, 1H), 7.32 (s, 1H), and 7.65 (s, 1H).

2-Hydroxy-5-methoxy-7-(methoxymethyl)naphthalene-1,4-dione (46).

O OMe
‘O OMe
HO
O

To a solution of 43 (60.9 mg, 0.17 mmol) in CH.Cl, (1 ml) was added a suspension of
DDQ (90.3 mg, 0.40 mmol) in -BuOH (0.5 ml) and water (0.5 ml) at 0 °C. After being stirred for 2
h, a solution of saturated ag. NaHCO3; was added, and the mixture was partitioned between water
and chloroform. The combined organic extracts were washed with water and brine, dried over
anhydrous Na,SO, and evaporated in vacuo. The crude oil was used directly for the next reaction
without further purification.

To a solution of the crude product in MeOH (4 ml) was added a 1.0 M solution of NaOH
(0.25 ml, 0.25 mmol) at 0 °C. After 2 h, a solution of 1M HCI was slowly added, and the reaction
mixture was partitioned between water and ethyl acetate. The combined organic layers were
worked up. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, chloroform-

methanol=5:1) to give 46 (15.6 mg, 38% from 43) as a yellow crystal: &y (270 MHz, CDCl3) 3.47 (s,

3H), 4.01 (s, 3H), 4.55 (s, 2H), 6.25 (s, 1H), 7.38 (s, 1H), and 7.70 (s, 1H).
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5-Methoxy-7-(methoxymethyl)-1,4-dioxo-2-naphthyl acetate (47).

O OMe
(I o
AcO
@)

A mixture of 46 (5.4 mg, 22 umol) and acetic anhydride (0.50 ml, 5.3 mmol) in pyridine
(0.1 ml, 1.2 mmol) was stirred at room temperature for 5 h. The mixture was concentrated in
vacuo, and the residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, chloroform-
methanol=10:1) to afford 47 (3.0 mg, 49%) as a yellow oil: &+ (270 MHz, CDCls) 2.37 (s, 3H), 3.46

(s, 3H), 4.02 (s, 3H), 4.56 (s, 2H), 6.64 (s, 1H), 7.37 (s, 1H), and 7.66 (s, 1H).

(5-Benzyloxy-4,7,8-trimethoxy-2-naphthyl)methan-1-ol (48).
OBn OMe

(e

OMe
To a solution of 13 (3.05 g, 9.0 mmol) in DMF (40 ml) were added K,CO; (2.02 g, 15

MeO

mmol) and Mel (1.0 ml, 16 mmol) at 0 °C. The mixture was stirred at room temperature for 1 h,
and poured into water, and extracted with hexane-ethyl acetate (1/1). The combined extracts
were washed with saturated aq. Na;S:Os; and brine, and dried over anhydrous Na,SO..
Concentration and purification by silica gel chromatography (hexane-ethyl acetate=1:1) afforded
48 (2.72 g, 86%) as a colorless crystal: d4 (270 MHz, CDCls) 3.90 (s, 3H), 3.91 (s, 3H), 3.93 (s, 3H),
4.77 (s, 2H), 5.13 (s, 2H), 6.70 (s, 1H), 6.72 (s, 1H), 7.34 (d, 1H, J=7.0 Hz), 7.41 (t, 2H, J= 6.8 Hz),
7.56 (s, 1H), and 7.60 (complex, 2H).
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7-(Hexyloxymethyl)-2,5-dimethoxynaphthalene-1,4-dione (49).

O OMe
‘O O\/\/\/
MeO
@)

To a solution of 48 (8.6 mg, 28 umol) in DMF (1 ml) were added NaH (15 mg, 60%
dispersion in oil, 0.38 mmol), TBAI (111 mg, 0.30 mmol), and 1-bromohexane (40 ul, 0.28 mmol) at
0 °C. The mixture was stirred at room temperature for 13 h, and poured into water, and extracted
with ethyl acetate. The combined extracts were washed with brine and dried over anhydrous
Na,SO4, and concentrated in vacuo. The crude oil was used directly for the next reaction without
further purification.

To a solution the crude product in CH,Cl, (1 ml) was added a suspension of DDQ (18.0
mg, 79 umol) in +-BuOH (0.3 ml) and water (0.3 ml) at 0 °C. After being stirred for 1 h, a solution
of saturated ag. NaHCO; was added, and the mixture was partitioned between water and
chloroform. The combined organic extracts were washed with water and brine, dried over

anhydrous Na,SO,4 and concentrated in vacuo. Purification by preparated TLC (25 cm x 25 cm x
0.5 mm, chloroform-ethyl acetate=1/1) afforded 49 (1.3 mg, 20%) as a yellow oil: 84 (270 MHz,
CDCls) 0.89 (t, 3H, J= 7.2 Hz), 1.26-1.68 (complex, 6H), 3.53 (t, 2H, J= 6.8 Hz), 3.86 (s, 3H), 4.01
(s, 3H), 4.58 (s, 2H), 6.07 (s, 1H), and 7.71 (s, 1H).

2,5-Dimethoxy-7-(prop-2-ynyloxymethyl)naphthalene-1,4-dione (50).

O OMe
/
‘O o) 2
MeO \/
O

To a solution of 48 (8.4 mg, 24 umol) in DMF (1 ml) were added NaH (10 mg, 60%
dispersion in oil, 0.25 mmol), TBAI (132 mg, 0.36 mmol), and propargyl bromide (70 ul, 0.79
mmol) at 0 °C. The mixture was stirred at room temperature for 30 min, and poured into water,
and extracted with ethyl acetate. The combined extracts were washed with brine and dried over

anhydrous Na;SO,, and concentrated in vacuo. The crude oil was used directly for the next
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reaction without further purification.

To a solution of the crude product in CH2Cl, (1 ml) was added a suspension of DDQ
(19.7 mg, 87 wmol) in t-BuOH (0.3 ml) and water (0.3 ml) at 0 °C. After being stirred for 15 min, a
solution of saturated ag. NaHCO; was added, and the mixture was partitioned between water and
chloroform. The combined organic extracts were washed with water and brine, dried over
anhydrous Na,SO,4 and concentrated in vacuo. Purification by preparated TLC (25 cm x 25 cm x
0.5 mm, chloroform-ethyl acetate=1/1) afforded 50 (3.2 mg, 48%) as a yellow oil: dx (270 MHz,
CDCl3) 2.51 (s, 1H), 3.86 (s, 3H), 4.02 (s, 3H), 4.28 (d, 2H, J= 2.5 Hz), 4.70 (m, 2H), 6.08 (s, 1H),
7.36 (s, 1H), and 7.73 (s, 1H).

2,5-Dimethoxy-7-(propoxymethyl)naphthalene-1,4-dione (51).

O OMe
SOUSN
MeO
O

To a solution of 48 (11.3 mg, 32 umol) in DMF (1 ml) were added NaH (10 mg, 60%
dispersion in oil, 0.25 mmol) and n-propyl iodide (100 ul, 1.0 mmol) at 0 °C. The mixture was
stirred at room temperature for 11 h, and poured into water, and extracted with ethyl acetate. The
combined extracts were washed with brine and dried over anhydrous Na,SO,, and concentrated in
vacuo. The crude oil was used directly for the next reaction without further purification.

To a solution of the crude product in 1,4-dioxane (1 ml) was added water (0.5 ml) and
DDQ (15.0 mg, 60 umol) at 0 °C. After being stirred for 20 min, a solution of saturated aq.
NaHCO; was added, and the mixture was partitioned between water and chloroform. The
combined organic extracts were washed with water and brine, dried over anhydrous Na,SO4 and
concentrated in vacuo. Purification by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl
acetate=1/1) afforded 51 (4.8 mg, 52%) as a yellow oil: 84 (270 MHz, CDCls) 0.98 (t, 3H, J= 7.8
Hz), 1.59-1.75 (complex, 2H), 3.50 (t, 2H, J= 6.7 Hz), 3.86 (s, 3H), 4.02 (s, 3H), 4.59 (s, 2H), 6.07
(s, 1H), 7.37 (s, 1H), and 7.71 (s, 1H).
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2,5-Dimethoxy-7-[(2-methylpropoxy)methyl]lnaphthalene-1,4-dione (52).
OMe

O
0]
To a solution of 48 (11.1 mg, 31 umol) in DMF (1 ml) were added NaH (10 mg, 60%

MeO

dispersion in oil, 0.25 mmol), TBAI (122 mg, 0.33 mmol), and i-butyl bromide (70 ul, 0.64 mmol) at
0 °C. The mixture was stirred at room temperature for 18 h, and poured into water, and extracted
with ethyl acetate. The combined extracts were washed with brine and dried over anhydrous
Na,SO4, and concentrated in vacuo. The crude oil was used directly for the next reaction without
further purification.

To a solution of the crude product in CH2Cl, (1 ml) was added a suspension of DDQ
(23.0 mg, 0.10 mmol) in t-BuOH (0.3 ml) and water (0.3 ml) at 0 °C. After being stirred for 35 min,
a solution of saturated ag. NaHCO; was added, and the mixture was partitioned between water
and chloroform. The combined organic extracts were washed with water and brine, dried over
anhydrous Na,SO,4 and concentrated in vacuo. Purification by preparated TLC (25 cm x 25 cm x
0.5 mm, chloroform-ethyl acetate=1/1) afforded 52 (2.4 mg, 29%) as a yellow oil: 84 (270 MHz,
CDCl3) 0.96 (d, 6H, J= 6.8 Hz), 1.93 (m, 1H), 3.29 (d, 2H, J= 6.8 Hz), 3.83 (s, 3H), 4.01 (s, 3H),
4.59 (s, 2H), 6.07 (s, 1H), and 7.37 (d, 2H, J= 4.8 Hz).

(2E)-4-[5-Benzyloxy-4,7,8-trimethoxy-3-pentanoyl(2-naphthyl)]but-2-enyl  acetate

(53).
OBn OMe O

IS

OMe
To a solution of 20 (29.1 mg, 56 umol) in THF-DMSO (9/1) was added IBX (78.8 mg,

MeO OAc

0.28 mmol) at 0 °C. After being stirred at room temperature for 4 h, the reaction mixture was

filtered through a Celite pad and washed with chloroform, and the filtrate and washings were

concentrated in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm,

95



hexane-ethyl acetate=1/1) to afford 53 (26.4 mg, 91%) as a yellow oil: 8+ (400 MHz, CDCl3) 0.95 (t,
3H, J= 7.2 Hz), 1.35-1.45 (complex, 2H), 1.65-1.73 (complex, 2H), 2.06 (s, 3H), 2.89 (t, 2H, J= 7.6
Hz), 3.43 (d, 2H, J= 7.2 Hz), 3.65 (s, 3H), 3.89 (s, 3H), 3.94 (s, 3H), 4.53 (d, 2H, J= 6.0 Hz), 5.21 (s,
2H), 5.60 (m, 1H), 5.92 (m, 1H), 6.74 (s, 1H), 7.34-7.68 (complex, 5H), and 7.72 (s, 1H).

7-Butyl-2,5-dimethoxy-6-pentanoylnaphthalene-1,4-dione (55) and 4-(4,7-

dimethoxy-5,8-dioxo-3-pentanoyl-2-naphthyl)butyl acetate (56).

(0] OMe O (0] OMe O
MeO | I MeO ‘ I OAc
(0] 0]
55 56

To a solution of 54 (55.3 mg, 0.11 mmol) in 1,4-dioxane (2 ml) and water (0.5 ml) was
added DDQ (49.2 mg, 0.22 mmol) at 0 °C. After being stirred for 2.5 h, a solution of saturated aq.
NaHCO; was added, and the mixture was partitioned between water and chloroform. The
combined organic extracts were washed with water and brine, dried over anhydrous Na,SO4 and
concentrated in vacuo. The crude oil was used for the next step without further purification.

A mixture of the above mixture and 10% Pd/C (catalytic amount) in MeOH (2 ml) was
stirred under atmospheric hydrogen at room temperature for 1 h. The reaction mixture was
fillered through a paper and washed with chloroform. The filtrate and washings were
concentrated in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm,
hexane-ethyl acetate=1/1) to give 55 (12.0 mg, 31%) as a yellow oil and 56 (7.3 mg, 17%) as a
yellow oil: data of 55: 8y (270 MHz, CDCls) 0.90-0.96 (complex, 6H), 1.32-1.75 (complex, 8H),
2.52 (t, 2H, J= 8.1 Hz), 2.77 (t, 2H, J= 7.4 Hz), 3.80 (s, 3H), 3.88 (s, 3H), 6.09 (s, 1H), 7.84 (s, 1H).
data of 56: 6n (270 MHz, CDCl3) 0.94 (t, 3H, J= 7.2 Hz), 1.32-1.74 (complex, 8H), 2.06 (s, 3H),
253 (t, 2H, J= 7.2 Hz), 2.78 (t, 2H, J= 7.4 Hz), 3.81 (s, 3H), 3.89 (s, 3H), 4.08 (t, 2H, J = 7.2 Hz)
6.10 (s, 1H), and 7.84 (s, 1H).
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7-Butyl-2,5-dimethoxy-6-pentanoylnaphthalene-1,4-dione (57).

O OMe O
MeO I I OH
(@)

To a solution of 56 (7.3 mg, 18 umol) in MeOH (1 ml) was added K,CO; (12.4 mg, 90
umol) at 0 °C. After being stirred at room temperature for 1 h, the reaction mixture was poured
into water and partitioned between water and ethyl acetate. The combined organic layers were
washed with brine, and worked up. Purification by preparated TLC (25 cm x 25 cm x 0.5 mm,
hexane-ethyl acetate=1/2) afforded 57 (2.5 mg, 38%) as a yellow oil: 4 (400 MHz, CDCls) 0.96 (t,
3H, J= 7.2 Hz), 1.35-1.77 (complex, 10H), 2.56 (t, 2H, J= 8.0 Hz), 2.81 (t, 2H, J= 6.0 Hz), 3.48-
3.81 (complex, 4H), 3.84 (s, 3H), 3.89 (s, 3H), 6.11 (s, 1H), and 7.86 (s, 1H).

(2E)-4-[3-((1E)Pent-1-enyl)-4-hydroxy-7-methoxy-5,8-dioxo(2-naphthyl)]but-2-enyl
acetate (58).

To a solution of 2 (174 mg, 0.42 mmol) in CH2Cl, (10 ml) was slowly added BBr; (80 ul,
0.85 mmol) at —78 °C. After being stirred for 40 min, the reaction mixture was poured into water,
and partitioned between water and chloroform. The combined organic layers were washed with
saturated aq. Na,S,0; and brine, and worked up. Purification by preparated TLC (25 cm x 25 cm
x 0.5 mm, hexane-ethyl acetate=1:1) gave 58 (37.4 mg, 23%) as a yellow oil: 64 (400 MHz, CDCls)
0.98 (t, 3H, J= 7.2 Hz), 1.51-1.56 (complex, 2H), 2.05 (s, 2H), 2.25-2.30 (complex, 2H), 3.52 (d, 2H,
J=6.0 Hz), 3.91 (s, 3H), 4.53 (d, 2H, J= 6.0 Hz), 5.66 (m, 1H), 5.87 (m, 1H), 6.07 (s, 1H), 6.39 (d,
1H, J= 16.0 Hz), 6.54 (m, 1H), 7.51 (s, 1H), and 13.03 (s, 1H).
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7-((2E)-4-Hydroxybut-2-enyl)-6-((1E)pent-1-enyl)-5-hydroxy-2-

methoxynaphthalene-1,4-dione (59).
O OH

To a solution of 58 (5.0 mg, 13 umol) in MeOH (2 ml) was added K,COs (24.4 mg, 0.18
mmol) at 0 °C. After being stirred at room temperature for 35 min, the reaction mixture was
quenched by the addition of 1 M HCI and two layers were separated. The aqueous layer was
extracted with ethyl acetate, and combined organic layers were washed with brine, and worked up.
Purification by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl acetate=1/1) afforded 59
(4.9 mg, quant.) as a yellow oil: 84 (400 MHz, CDCls) 0.98 (t, 3H, J= 7.2 Hz), 1.51-1.56 (complex,
4H), 2.27 (q, 2H, J=6.8 Hz), 3.52 (d, 2H, J= 6.0 Hz), 3.91 (s, 3H), 4.13 (d, 2H, J= 5.6 Hz), 5.66 (m,
1H), 5.81 (m, 1H), 6.07 (s, 1H), 6.41 (d, 1H, J= 16.0 Hz), 6.54 (m, 1H), 7.51 (s, 1H), and 13.04 (s,
1H).

7-Butyl-5-hydroxy-2-methoxy-6-pentylnaphthalene-1,4-dione (61).

O OH
MeO I I
@)

A mixture of 60 (22.0 mg, 57 umol) and Pd/C (catalytic amount) in EtOH (3 ml) was
stirred under atmospheric hydrogen at room temperature for 1.5 h. The reaction mixture was
filtered through a paper and washed with MeOH. The filtrate and washings were concentrated in
vacuo. The crude oil was used directly for the next reaction without further purification.

To a solution of the above mixture in 1,4-dioxane (2 ml) and H.O (0.5 ml) was added
DDQ (24.1 mg, 0.11 mmol) at 0 °C. After being stirred for 1 h, a solution of saturated ag. NaHCO3
was added, and the mixture was partitioned between water and chloroform. The combined
organic extracts were washed with water and brine, dried over anhydrous Na,SO, and

concentrated in vacuo. Purification by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl
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acetate=1/1) afforded 61 (2.7 mg, 14% from 60) as a yellow oil: 3 (400 MHz, CDCls) 0.90-1.58
(complex, 16H), 2.65-2.74 (complex, 4H), 3.90 (s, 3H), 6.05 (s, 1H), 7.51 (s, 1H), and 12.65 (s,
1H).

(2E)-4-[3-(6-Benzyloxy-1-hydroxyhexyl)-4,7-dimethoxy-5,8-dioxo(2-naphthyl)]but-

2-enyl acetate (65).

o) OMe OH
OBn
‘O NN
MeO OAc
O

To a solution of 4 (50.3 mg, 85 umol) in THF (5 ml) were added n-BuLi (0.2 mlofa 2.6 M
solution in hexane, 0.52 mmol) and 6-benzyloxyhexan-1-one (743 mg, 3.6 mmol) at —78 °C all at
once. After being stirred for 15 min, the reaction was quenched with saturated aq. NaHCO3; and
two layers were separated. The aqueous layer was extracted with ethyl acetate, and combined
organic layers were washed with brine, and worked up to afford a crude benzyl alcohol 62 which
was used directly in the next step.

To a solution of the crude product in THF (5 ml) was added TBAF (1.0 ml of a 1.0 M
solution in THF, 1.0 mmol) at 0 °C. The cooling bath was removed and stirring was continued for
1 h. The reaction was quenched by the addition of water at 0 °C and two layers were separated.
The aqueous layer was extracted with ethyl acetate, and combined organic layers were washed
with brine and worked up. The crude oil was used directly for the next reaction without further
purification.

To a solution of the above mixture in CH2Cl> (5 ml) was added pyridine (0.1 ml, 1.2
mmol) and acetic anhydride (0.1 ml, 1.1 mmol) at 0 °C. After being stirred at room temperature
for 2 days, the reaction mixture was evaporated in vacuo to afford a crude monoacetate which was
used directly in the next step.

To a solution of the crude acetate in 1,4-dioxane (3 ml) was added DDQ (30.8 mg, 0.14
mmol) at 0 °C. After being stirred for 30 min, a solution of saturated ag. NaHCO; was added, and
the mixture was partitioned between water and chloroform. The combined organic extracts were

washed with water and brine, dried over anhydrous Na,SO, and concentrated in vacuo.
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Purification by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl acetate=1/1) afforded 65
(8.7 mg, 19% from 4) as a yellow oil: 8 (400 MHz, CDCls) 1.26-1.46 (complex, 2H), 1.60-1.67
(complex, 4H), 1.88-1.98 (complex, 2H), 2.04 (s, 3H), 3.45-3.69 (complex, 4H), 3.87 (s, 3H), 3.95
(s, 3H), 4.49 (s, 2H), 4.52 (d, 2H, J= 6.4 Hz), 4.96 (m, 1H), 5.59 (m, 1H), 5.86 (m, 1H), 6.09 (s, 1H),
7.28-7.50 (complex, 5H), and 7.78 (s, 1H).

(2E)-4-[4-Hydroxy-3-(6-benzyloxy-1-hydroxyhexyl)-7-methoxy-5,8-dioxo(2-
naphthyl)]but-2-enyl acetate (66) and (2E)-4-[3-(1,6-dihydroxyhexyl)-4-hydroxy-7-methoxy-
5,8-dioxo(2-naphthyl)]but-2-enyl acetate (67).

O OH OH O OH OH
8® $® )
MeO X OAc MeO N OAc
O O
66 67

To a solution of 65 (40.0 mg, 75 umol) in CH2Cl; (3 ml) was slowly added BBrs; (40 ul,
0.42 mmol) at —78 °C. After being stirred for 10 min, the reaction mixture was poured into water,
and partitioned between water and chloroform. The combined organic layers were washed with
brine, and worked up. Purification by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl
acetate=1:1) gave 66 (9.2 mg, 24%) as a yellow oil and 67 (11.0 mg, 34%) as a yellow oil: Data of
66: o4 (270 MHz, CDCI3) 1.40-1.77 (complex, 8H), 2.09 (s, 3H), 3.44-3.61 (complex, 5H), 3.92 (s,
3H), 4.49-4.53 (complex, 2H), 4.85 (m, 1H), 5.59 (m, 1H), 5.86 (m, 1H), 6.08 (m, 1H), 7.28-7.49
(complex, 5H), 7.53 (s, 1H), and 13.13 (s, 1H). Data of 67: &y (270 MHz, CDCls) 1.41-1.67
(complex, 8H), 2.06 (s, 3H), 3.49-3.52 (complex, 2H), 3.58-3.67 (complex, 2H), 4.02 (s, 3H), 4.54
(d, 2H, J= 6.0 Hz), 4.88 (m, 1H), 5.60 (m, 1H), 5.87 (m, 1H), 6.09 (s, 1H), 7.50 (s, 1H), and 13.14
(s, 1H).
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7-((2E)-4-Hydroxybut-2-enyl)-5-hydroxy-6-(6-benzyloxy-1-hydroxyhexyl)-2-
methoxynaphthalene-1,4-dione (68).

O OH OH
OBn
‘O NN
MeO OH
O

To a solution of 66 (3.2 mg, 6.1 umol) in MeOH (3 ml) was added K.COs (18.5 mg, 0.13
mmol) at 0 °C. After being stirred at room temperature for 35 min, the reaction mixture was
poured into water and partitioned between water and ethyl acetate. The combined organic layers
were washed with brine, and worked up. Purification by preparated TLC (25 cm x 25 cm x 0.5
mm, hexane-ethyl acetate=1/3) afforded 68 (3.1 mg, quant.) as a yellow oil: 8 (400 MHz, CDCls)
1.43-1.73 (complex, 8H), 3.45-3.49 (complex, 4H), 3.93 (s, 3H), 4.09 (s, 2H), 4.49 (s, 2H), 4.87 (m,
1H), 5.64 (m, 1H), 5.77 (m, 1H), 6.09 (s, 1H), 7.33 (s, 5H), 7.50 (s, 1H), and 13.13 (s, 1H).

7-((2E)-4-Hydroxybut-2-enyl)-6-(1,6-dihydroxyhexyl)-5-hydroxy-2-

methoxynaphthalene-1,4-dione (69).

O OH OH
(I )
AN
MeO OH
O

To a solution of 67 (2.9 mg, 6.7 umol) in MeOH (3 ml) was added K,CO; (17.4 mg, 0.13
mmol) at 0 °C. After being stirred at room temperature for 30 min, the reaction mixture was
poured into water and partitioned between water and ethyl acetate. The combined organic layers
were washed with brine, and worked up. Purification by preparated TLC (25 cm x 25 cm x 0.5
mm, ethyl acetate) afforded 69 (1.4 mg, 54%) as a yellow oil: 84 (400 MHz, CDCls) 1.42-1.74
(complex, 8H), 3.50 (d, 2H, J= 6.4 Hz), 3.65 (t, 2H, J= 6.4 Hz), 3.93 (s, 3H), 4.12 (d, 2H, J= 4.8 Hz),
4.89 (m, 1H), 5.65 (m, 1H), 5.81 (m, 1H), 6.09 (s, 1H), 7.50 (s, 1H), and 13.12 (s, 1H).
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(2E)-4-[3-(6-Benzyloxyhexanoyl)-4-hydroxy-7-methoxy-5,8-dioxo(2-naphthyl)]but-

2-enyl acetate (70).
OH O

OBn
(I

MeO OAc

O
To a solution of 66 (5.2 mg, 10 umol) in THF-DMSO (=9/1, 2 ml) was added IBX (13.1

mg, 47 umol) at 0 °C. After being stirred at room temperature for 2.5 h, the reaction mixture was
filtered through a Celite pad and washed with chloroform, and the filtrate and washings were
concentrated in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm,
hexane-ethyl acetate=1/1) to afford 70 (2.0 mg, 38%) as a yellow oil: 8+ (400 MHz, CDCls) 1.46-
1.75 (complex, 8H), 2.05 (s, 3H), 2.87 (t, 2H, J= 7.2 Hz), 3.35 (d, 2H, J= 6.4 Hz), 3.49 (t, 2H, J= 6.4
Hz), 3.93 (s, 3H), 4.50-4.52 (complex, 4H), 5.62 (m, 1H), 5.80 (m, 1H), 6.12 (s, 1H), 7.33-7.34
(complex, 5H), 7.52 (s, 1H), and 12.50 (s, 1H).

6-(6-Benzyloxyhexanoyl)-7-((2E)-4-hydroxybut-2-enyl)-5-hydroxy-2-
methoxynaphthalene-1,4-dione (71).

O OH O

l l OBn
MeO X OH

@)

To a solution of 70 (2.0 mg, 3.8 umol) in MeOH (2 ml) was added K>CO; (9.1 mg, 66
umol) at 0 °C. After being stirred at room temperature for 30 min, the reaction mixture was
poured into water and partitioned between water and ethyl acetate. The combined organic layers
were washed with brine, and worked up. Purification by preparated TLC (25 cm x 25 cm x 0.5
mm, hexane-ethyl acetate=1/1) afforded 71 (1.3 mg, 72%) as a yellow oil: 4 (400 MHz, CDCls)
1.44-1.76 (complex, 8H), 2.88 (t, 2H, J= 3.2 Hz), 3.35 (d, 2H, J= 5.6 Hz), 3.49 (t, 2H, J= 6.6 Hz),
3.93 (s, 3H), 4.09 (complex, 2H), 4.50 (s, 2H), 5.63-5.76 (complex, 2H), 6.11 (s, 1H), 7.26-7.35
(complex, 5H), 7.53 (s, 1H), and 12.49 (s, 1H).
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Enzymatic Assay of Cdc25A phosphatase inhibition.

Protein purification. Esherichia coli BL21 (DE-3) cells were transformed with plasmid encoding
GST fusion of cdc25A, cultures were grown at 37 °C to an Asoo of 0.8, and isopropyl 1-thio-f-D-
galactopyranoside (IPTG) was added to a final concentration of 0.1 mM. After growing for an
additional 4 h at 37 °C, cells were collected by centrifugation. Cell pellets were suspended in
lysis buffer (MT-PBS (150 mM NaCl, 20 mM Na;HPO4, 4 mM NaH;PO,), 0.1% tritonX-100, 10
ug/mL leupeptin, 1 mM phenylmethanesulfonyl fluoride) and lyzed by sonication. GST-cdc25A
was precipitated with GSH-agarose beads (sigma, St. Louis, MO.), washed four times with MT-
PBS and eluted by elution buffer (50 mM Tris-HCI (pH 8.0), 20 mM reduced glutathione). The
amount of GST-cdc25A was estimated by comparison to a BSA standard after SDS-PAGE and

Coomasie blue staining.

Cdc25A assay in vitro. The activity of the GST-cdc25A was measured in a 96-well microtiter
plate using pNPP (sigma-aldrich) as a substrate. Approximately 30 ug of purified GST-cdc25A
was preincubated at 37 °C for 15 min in reaction buffer containing of 50 mM Tris-HCI (pH 7.5) and
various concentrations of inhibitors in 1% MeOH, and then reaction was started by adding of 5 mM

pNPP and incubated at 37 °C for 60 min. Absorbance at 405 nm was measured.

Cell Culture, Synchrony and Transfections. NIH3T3 fibroblasts were cultured in DMEM
supplemented with 10 % calf serum and antibiotics. HEK293T and Hela cells were cultured in
DMEM containing 10 % fetal bovine serum plus antibiotics. For synchronization/re-stimulation
experiments, the cells were seeded in DMEM with 10 % CS. After 48 h, the cells were re-fed in
DMEM with 0.2 % CS. Then, 48 h later, the cells were re-stimulated with medium containing

10 % CS.

Flow Cytometry. The cells were collected by trypsinization, combined with cells floating in the

medium, and then stained with propidium iodide. The cell suspension was analyzed using an

EPICS Elite and EXPO32 software analysis program (Beckman Coulter).
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2. Experimental of chloroquinocin

1-(5-Benzyloxy-3-bromo-4,7,8-trimethoxy-2-naphthyl)acetone (81).
OBn OMe

Br
(LS

OMe
ZnBr; (81.2 mg, 0.36 mmol) in PhH (5 ml) was refluxed. After 1 h, a solution of 16 (107

MeO

mg, 0.24 mmol) in PhH (5 ml) was added to the mixture at the same temperature. After being
stirred for 20 min, the reaction was poured into water, and extracted with ethyl acetate. The
combined extracts were washed with water and brine, and worked up. The crude oil was used
directly for the next reaction without further purification.

To a solution of the crude aldehyde in THF (5 ml) was added MeMgl (1.5 ml of a 0.93 M
solution in THF, 1.4 mmol) at -20 °C. After being stirred for 30 min, the reaction was poured into
water, and extracted with ethyl acetate. The combined extracts were washed with water and
brine, and worked up. The crude oil was used directly for the next reaction without further
purification.

To a solution of the above mixture in THF-DMSO (=9/1, 4 ml) was added IBX (212 mg,
0.76 mmol) at 0 °C. After being stirred at room temperature for 15 h, the reaction mixture was
filtered through a Celite pad and washed with chloroform, and the filtrate and washings were
concentrated in vacuo. The residue was purified by silica gel chromatography (hexane-ethyl
acetate=4:1) to afford 81 (74.9 mg, 68% from 16) as a yellow oil: &4 (400 MHz, CDCls) 2.25 (s, 3H),
3.77 (s, 3H), 3.90 (s, 3H), 3.95 (s, 3H), 4.03 (s, 2H), 5.18 (s, 2H), 6.77 (s, 1H), 7.36-7.44 (complex,
3H), 7.56 (d, 2H, J=7.2 Hz), 7.76 (s, 1H).
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8-Benzyloxy-2-bromo-1,5,6-trimethoxy-3-[(2-methyl(1,3-dioxolan-2-

yl))methyllnaphthalene (77).
OBn OMe

Br />
O

OMe
A mixture of 81 (761 mg, 1.7 mmol), p-TsOH-H,O (663 mg, 3.5 mmol), and ethylene

MeO

glycol (1 ml, 18 mmol) in PhH (15 ml) was refluxed for 4 h. The reaction was quenched by the
addition of anhydrous NaHCO; and cooled to room temperature. The mixture was poured into
water, and extracted with ethyl acetate. The combined extracts were washed with water and
brine, and worked up. Purification by silica gel chromatography (hexane-ethyl acetate=3:1) gave
77 (765 mg, 92%) as a yellow oil: 64 (270 MHz, CDCl;) 1.43 (s, 3H), 3.37 (s, 2H), 3.76-3.81
(complex, 4H), 3.89 (s, 6H), 3.95 (s, 3H), 5.18 (s, 2H), 6.78 (s, 1H), 7.33-7.45 (complex, 3H), 7.57
(d, 2H, J=7.0 Hz), 7.91 (s, 1H).

7,10-Dimethoxy-3-methyl-1-propylbenzo[2,1-glisochromene-6,9-dione (78).

To a solution of 77 (100 mg, 0.20 mmol) in THF (5 ml) were added n-BuLi (0.64 ml of a
1.57 M solution in hexane, 1.0 mmol) and propionaldehyde (0.36 ml, 4.0 mmol) at —=78 °C all at
once. The reaction was quenched with saturated aq. NH4Cl and two layers were separated.
The aqueous layer was extracted with ethyl acetate, and combined organic layers were washed
with brine, and worked up to afford a crude 82 which was used directly in the next step. Data of
82: 54 (270 MHz, CDCls) 0.96 (t, 3H, J= 7.2 Hz), 1.42-1.98 (complex, 9H), 3.72 (s, 4H), 3.76 (m,
1H), 3.90 (s, 3H), 3.93 (s, 3H), 3.98 (s, 3H), 5.11-5.23 (complex, 2H), 5.36 (m, 1H), 6.70-6.76
(complex, 2H), 7.35-7.59 (complex, 5H), 7.80 (s, 1H).

To a solution of the above mixture in PhH (5 ml) was added p-TsOH-H,O (60.9 mg, 0.32
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mmol) at 0 °C. After being stirred at room temperature for 15 min, the reaction was poured into
water, and extracted with ethyl acetate. The combined extracts were washed with water and
brine, and worked up. The crude oil was used directly for the next reaction without further
purification.

To a solution of the crude product in 1,4-dioxane (1 ml) and water (0.25 ml) was added
DDQ (55.1 mg, 0.13 mmol) at 0 °C. After being stirred for 30 min, a solution of saturated aq.
NaHCO; was added, and the mixture was partitioned between water and chloroform. The
combined organic extracts were washed with water and brine, dried over anhydrous Na,SO4 and
concentrated in vacuo. Purification by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl
acetate=1/1) gave 78 (20.2 mg, 31% from 77) as a yellow oil: 84 (270 MHz, CDCIs) 0.95 (t, 3H, J=
7.2 Hz), 1.40-1.58 (complex, 4H), 1.96 (s, 3H), 2.04 (m, 1H), 3.86 (s, 3H), 3.88 (s, 3H), 5.56 (m,
1H), 5.66 (s, 1H), 6.03 (s, 1H), and 7.47 (s, 1H).

7,10-Dimethoxy-3-methyl-1-propylbenzo[2,1-glisochromane-6,9-dione (85).

O OMe
90¢
MeO
O

A mixture of 78 (36.2 mg, 0.11 mmol) and Pd/C (catalytic amount) in MeOH (3 ml) was
stirred under hydrogen atmosphere at room temperature for 1 h. The reaction mixture was
filtered through a paper and washed with methanol. The filtrate and washings were concentrated
in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl
acetate=1/1) to give 85 (31.3 mg, 86%) as a yellow oil: 8y (270 MHz, CDCIs) 0.88 (t, 3H, J= 7.2 Hz),
1.21-2.05 (complex, 7H), 2.66-2.87 (complex, 2H), 3.84 (s, 3H), 3.88 (s, 3H), 5.01 (m, 1H), 6.07 (s,
1H), and 7.70 (s, 1H).
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8-Bromo-7,10-dimethoxy-3-methyl-1-propylbenzo[1,2-glisochromane-6,9-dione
(86).

O OMe
Br

MeO
O

To a solution of 85 (31.3 mg, 95 umol) in CH2Cl, (2 ml) were slowly added Pyr-HBr; (42.4
mg, 0.13 mmol) and pyridine (30 ul, 0.37 mmol) at 0 °C. The mixture was stirred at the same
temperature for 1 h. A solution of saturated aq. Na,S,03; was slowly added, and the resulting
mixture was partitioned between water and ethyl acetate. The combined organic layers were
washed with 1 M HCI and brine and worked up. The residue was purified by preparated TLC (25
cm x 25 cm x 0.5 mm, hexane-ethyl acetate=1/1) to give 86 (16.8 mg, 36%) as a colorless needle:
o (270 MHz, CDCls) 1.01 (t, 3H, J= 7.2 Hz), 1.13-2.05 (complex, 7H), 2.69-2.86 (complex, 2H),

3.84 (s, 3H), 4.25 (s, 3H), 5.01 (m, 1H), and 7.64 (s, 1H).

1-{2-[5-Benzyloxy-3-bromo-4,7,8-trimethoxy(2-naphthyl)]-isopropoxy}-1,1,2,2-

tetramethyl-1-silapropane (89).
OBn OMe

Br
e

OMe
ZnBr, (1.27 g, 5.6 mmol) in PhH (15 ml) was refluxed. After 1 h, a solution of 16 (523

MeO

mg, 1.2 mmol) in PhH (8 ml) was added to the mixture at the same temperature.  After being
stirred for 45 min, the reaction was poured into water, and extracted with ethyl acetate. The
combined extracts were washed with water and brine, and worked up. The crude oil was used
directly for the next reaction without further purification.

To a solution of the crude aldehyde in THF (20 ml) was added MeMgl (5 ml of a 0.84 M
solution in THF, 4.2 mmol) at 0 °C. After being stirred for 25 min, the reaction was poured into

water, and extracted with ethyl acetate. The combined extracts were washed with water and
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brine, and worked up. The crude oil was used directly for the next reaction without further
purification.

To a solution of the above mixture in DMF (7 ml) were added imidazole (285 mg, 4.2
mmol) and TBDMSCI (562 mg, 3.7 mmol) at 0 °C. After being stirred at the same temperature for
11 h, the reaction was poured into water, and extracted with hexane-ethyl acetate (=1/1). The
combined organic extracts were washed with brine and dried over anhydrous Na;SO..
Concentration followed by purification by silica gel chromatography (hexane-ethyl acetate=5:1)
afforded 89 (609 mg, 90% from 16) as a yellow oil: d4 (270 MHz, CDCls) -0.28 (s, 3H), -0.14 (s, 3H),
0.80 (s, 9H), 1.25 (d, 2H, J= 5.6 Hz), 2.96-3.07 (complex, 2H), 3.77 (s, 3H), 3.90 (s, 3H), 3.94 (s,
3H), 4.26 (m, 1H), 5.17 (s, 2H), 6.74 (s, 1H), 7.37 (d, 1H, J= 4.8 Hz), 7.42 (t, 2H, J= 7.6 Hz), 7.57
(d, 2H, J= 7.2 Hz), and 7.76 (s, 1H).

6-(Hydroxybutyl)-2,5-dimethoxy-7-[2-(1,1,2,2-tetramethyl-1-

silapropoxy)propyllnaphthalene-1,4-dione (91).

O OMe OH
MeO | I
O
OTBS

To a solution of 89 (274 mg, 0.48 mmol) in THF (5 ml) were added n-BuLi (0.90 ml of a
2.6 M solution in hexane, 2.3 mmol) and n-butyraldehyde (0.90 ml, 10 mmol) at —78 °C all at once.
The reaction was quenched with saturated aq. NaHCO; and two layers were separated. The
aqueous layer was extracted with ethyl acetate, and combined organic layers were washed with
brine, and worked up to afford a crude 90 which was used directly in the next step.

To a solution of the crude product in 1,4-dioxane (3.2 ml) and water (0.8 ml) was added
DDQ (238 mg, 1.0 mmol) at 0 °C. After being stirred for 30 min, a solution of saturated aq.
NaHCO; was added, and the mixture was partitioned between water and chloroform. The
combined organic extracts were washed with water and brine, dried over anhydrous Na,SO, and
concentrated in vacuo. Purification by silica gel chromatography (hexane-ethyl acetate=3:1)

gave 91 (64.0 mg, 29% from 89) as a yellow oil: 8 (400 MHz, CDCls) -0.25 (s, 3H), -0.09 (s, 3H),
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0.70 (s, 9H), 0.88 (t, 3H, J=7.2 Hz), 1.23 (d, 3H, J= 7.0 Hz), 1.32-2.03 (complex, 4H), 2.83-2.92
(complex, 2H), 3.36 (d, 1H, J= 10.0 Hz), 3.86 (s, 3H), 3.92 (s, 3H), 4.07 (m, 1H), 5.02 (m, 1H), 6.06
(s, 1H), and 7.80 (s, 1H).

6-{[1,1-Bis(methylethyl)-2-methyl-1-silapropoxy]butyl}-2,5-dimethoxy-7-[2-(1,1,2,2-

tetramethyl-1-silapropoxy)propyllnaphthalene-1,4-dione (92).
@] OMe OTIPS

O

MeO

OTBS

To a solution of 91 (51.9 mg, 0.11 mmol) in CH.ClI; (1.5 ml) were added 2,6-lutidine (50 ul,
0.43 mmol) and TIPSCI (100 ul, 0.37 mmol) at 0 °C. After being stirred for 1 h, the reaction was
poured into water, and extracted with chloroform. The combined organic extracts were washed
with brine and dried over anhydrous Na,SO.. Concentration followed by purification by
preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl acetate=3:1) afforded 92 (61.8 mg, 89%)
as a yellow oil: &4 (400 MHz, CDCIs) -0.32 (s, 3H), -0.02 (s, 3H), 0.70 (t, 3H, J= 7.2 Hz), 0.98 (brs,
21H), 1.26 (d, 3H, J= 6.4 Hz), 1.55-2.10 (complex, 4H), 2.93 (m, 1H), 3.55 (m, 1H), 3.83 (s, 3H),
3.85 (s, 3H), 4.30 (m, 1H), 5.60 (m. 1H). 6.05 (s, 1H), and 7.96 (s, 1H).

6-{[1,1-Bis(methylethyl)-2-methyl-1-silapropoxy]butyl}-3-chloro-2,2,5-trimethoxy-7-

[2-(1,1,2,2-tetramethyl-1-silapropoxy)propyl]-2,3-dihydronaphthalene-1,4-dione (93).
O OMe OTIPS
Cl

MeO
MeO

OTBS

To a solution of 92 (61.8 mg, 0.10 mmol) in MeOH (2 ml) was added NCS (43.4 mg, 0.33
mmol) at room temperature. After being stirred at the same temperature for 2 h, the reaction

mixture was evaporated in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x
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0.5 mm, hexane-ethyl acetate=3:1) to afford 93 (37.5 mg, 55%) as a yellow crystal: 34 (270 MHz,
CDCls) -0.35-0.07 (complex, 6H), 0.67-0.71 (complex, 6H), 1.00 (brs, 21H), 1.22-2.14 (complex,
4H), 2.91 (m, 1H), 3.19 (s, 3H), 3.48 (s, 3H), 3.58 (m, 1H), 3.79 (s, 3H), 4.31 (m, 1H), 4.71 (s, 1H),
5.59 (m, 1H), and 7.96 (s, 1H).

6-{[1,1-Bis(methylethyl)-2-methyl-1-silapropoxy]butyl}3-chloro-2,5-dimethoxy-7-(2-

oxopropyl)naphthalene-1,4-dione (96).
O OMe OTIPS

BOS

MeO

O
O

To a solution of 93 (11.7 mg, 17 umol) in MeOH (2 ml) was added PPTS (31.4 mg, 0.12
mmol) at 0 °C. After being stirred at 60 °C for 8 h, the reaction was poured into water, and
extracted with chloroform. The combined organic extracts were washed with brine, and worked
up to afford a crude alcohol, which was used directly in the next step.

To a solution of the crude product in CH2Cl, (2 ml) was added PDC (20.6 mg, 55 umol) at
0 °C. After being stirred at room temperature for 5 h, the reaction was poured into water, and
extracted with chloroform. The combined organic extracts were washed with brine, and worked
up to afford a crude 95, which was used directly in the next step. Date of 95: du (270 MHz,
CDCl3) 0.90 (t, 3H, J= 7.2 Hz), 1.06 (brs, 21H), 1.36 (d, 3H, J= 6.4 Hz), 1.49-2.07 (complex, 4H),
3.04-3.27 (complex, 2H), 3.59 (s, 3H), 3.82 (s, 3H), 4.34 (m, 1H), 5.62 (m, 1H), 7.92 (s, 1H).

To a solution of the above mixture in CH.Cl. (2 ml) was added DBU (30 ul, 0.20 mmol) at
0 °C. After being stirred at the same temperature for 10 min, the reaction was poured into water,
and extracted with chloroform. The combined organic extracts were washed with brine, and
worked up. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl
acetate=3:1) to afford 96 (4.7 mg, 51% from 93) as a yellow crystal: d4 (400 MHz, CDCls) 0.86 (t,
3H, J= 7.2 Hz), 1.02 (brs, 21H), 1.25 (m, 1H), 1.42 (m, 1H), 1.59 (m, 1H), 1.81 (m, 1H), 2.27 (s,
3H), 3.86 (s, 3H), 4.08 (m, 1H), 4,24 (s, 3H), 4.89 (m, 1H), 5.60 (m, 1H), and 7.59 (s, 1H).
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8-Chloro-10-hydroxy-7-methoxy-3-methyl-1-propylbenzo[1,2-glisochromene-6,9-
dione (97).

To a solution of 96 (16.9 mg, 31 umol) in CH,CI, (2 ml) was added BBr; (40 ul of a 1.0 M
solution in CH2Cl, 40 umol) at —78 °C. After being stirred for 40 min, the reaction mixture was
poured into water and partitioned between water and chloroform. The combined organic layers
were washed with brine, and worked up. The residue was purified by preparated TLC (25 cm x
25 cm x 0.5 mm, hexane-ethyl acetate=3:1) to afford 97 (2.8 mg) as a yellow crystal: d+ (400 MHz,
CDCls) 0.96 (t, 3H, J= 7.2 Hz), 1.43-1.84 (complex, 4H), 1.98 (s, 3H), 4.29 (s, 3H), 5.60 (s, 1H),
5.64 (m, 1H), and 12.13 (s, 1H).

Chloroquinocin (74) and 4,8-dichloro-7,10-dihydroxy-3-methyl-1-propylbenzo[1,2-

glisochromene-6,9-dione (98).

)

O O Cl
74 98

A mixture of 97 (2.8 mg) and LiCl (12.8 mg, 0.34 mmol) in DMSO (3 ml) was refluxed.
After 1 day, the reaction was poured into water, and extracted with ethyl acetate. The combined
organic extracts were washed with brine, and worked up. Purification by HPLC (Senshu Pak

pegasil ODS column, 10 X 150 mm in size, 5 um particle size, mobile phase 70%

acetonitrile/water, flow rate 2 ml/min, detected at 295 nm) and Sephadex LH-20 in methanol (10

mm X 60 cm) afforded 74 and 98 (=ca. 1:1) as red oils: Data of 74: 64 (400 MHz, DMSO-ds) 0.91 (t,

3H, J=7.2 Hz), 1.35-1.47 (complex, 2H), 1.90 (complex, 2H), 5.47 (dd, 1H, J= 3.0, 9.4 Hz), 5.69 (s,
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1H), 7.22 (s, 1H), and 14.86 (s, 1H). Data of 98: 64 (400 MHz, DMSO-ds) 0.89 (t, 3H, J= 7.2 Hz),
1.45-1.53 (complex, 2H), 1.90 (complex, 2H), 5.43 (dd, 1H, J= 3.0, 9.3 Hz), 6.89 (s, 1H), and 14.90
(s, 1H).

1-[5-Benzyloxy-3-bromo-4,7,8-trimethoxy(2-naphthyl)]-4,4-dimethyl-4-silapent-2-

yn-1-ol (100).
OBn OMe
Br
TMS
F
MeO
OMe OH

To a solution of trimethylsilylacetylene (1.0 ml, 7.1 mmol) in THF (5 ml) was
added n-BuLi (1.2 ml of a 2.6 M solution in hexane, 3.1 mmol) at -78 °C. After being stirred for 1
h, a solution of 5 (257 mg, 0.60 mmol) in THF (5 ml) was added to the mixture at the same
temperature. The reaction mixture was gradually warmed to room temperature, and stirred for 25
min. The reaction was poured into water, and extracted with ethyl acetate. The combined
organic extracts were washed with brine and dried over anhydrous Na,SO.. Concentration
followed by purification by silica gel chromatography (hexane-ethyl acetate=4:1) afforded 100 (303
mg, 96%) as a yellow oil: 64 (400 MHz, CDCl5) 0.22 (s, 9H), 2.66 (d, 1H, J= 6.4 Hz), 3.77 (s, 3H),
3.93 (s, 3H), 3.96 (s, 3H), 5.19 (s, 2H), 5.89 (d, 1H, J= 6.4 Hz), 6.80 (s, 1H), 7.35-7.57 (complex,
5H), and 8.36 (s, 1H).

8-Benzyloxy-2-bromo-3-(1-chloro-4,4-dimethyl-4-silapent-2-ynyl)-1,5,6-

trimethoxynaphthalene (101).
OBn OMe

Br
TMS
OO Z

OMe Cl
To a solution of 100 (303 mg, 0.57 mmol) in CH.Cl, (4 ml) were added EtsN (0.24 ml, 1.7

MeO

mmol) and MsCI (0.13 ml, 1.7 mmol) at 0 °C. After being stirred for 35 min, the reaction was

poured into water, and extracted with chloroform. The combined organic extracts were washed
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with brine and dried over anhydrous Na,SO4. Concentration followed by purification by silica gel
chromatography (hexane-ethyl acetate=5:1) afforded 101 (259 mg, 82%) as a yellow oil: d4 (400
MHz, CDCls) 0.22 (s, 9H), 3.77 (s, 3H), 3.99 (s, 3H), 4.03 (s, 3H), 5.19 (s, 2H), 6.15 (s, 1H), 6.82 (s,
1H), 7.35-7.96 (complex, 5H), and 8.53 (s, 1H).

8-Benzyloxy-2-bromo-3-(4,4-dimethyl-4-silapent-2-ynyl)-1,5,6-

trimethoxynaphthalene (102).
OBn OMe

Br
TMS
L~

OMe
To a solution of 101 (185 mg, 0.34 mmol) in THF (5 ml) was added LiEt:BH (1.0 ml of a

MeO

1.0 M solution in THF, 1.0 mmol) at 0 °C. After being stirred for 30 min, the reaction was poured
into water, and extracted with ethyl acetate. The combined organic extracts were washed with
brine and dried over anhydrous Na,SO4. Concentration followed by purification by silica gel
chromatography (hexane-ethyl acetate=5:1) afforded 102 (159 mg, 92%) as a yellow oil: o4 (400
MHz, CDCls) 0.24 (s, 9H), 3.76 (s, 3H), 3.84 (s, 2H), 3.91 (s, 3H), 3.96 (s, 3H), 5.18 (s, 2H), 6.77 (s,
1H), 7.34-7.58 (complex, 5H), and 8.23 (s, 1H).

8-Benzyloxy-2-bromo-1,5,6-trimethoxy-3-prop-1-ynylnaphthalene (103).

OBn OMe
l l Br

MeO \\
OMe Me

To a solution of 102 (284 mg, 0.55 mmol) in THF (5 ml) was added TBAF (2.7 ml of a 1.0
M solution in THF, 2.7 mmol) at 0 °C. The cooling bath was removed and stirring was continued
for 2 days. The reaction was quenched by the addition of brine at 0 °C and two layers were
separated. The aqueous layer was extracted with ethyl acetate, and combined organic layers
were washed with brine and worked up. The residue was purified by silica gel chromatography

exane-ethyl acetate=6:1 to 4:1) to give mg, o) as a yellow oil: on zZ, 3
(h hyl t 6:1 to 4:1) ive 103 (188 77%) Il il: dn (400 MHz, CDCls)
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2.17 (s, 3H), 3.76 (s, 3H), 3.90 (s, 3H), 3.95 (s, 3H), 5.17 (s, 2H), 6.77 (s, 1H), 7.34-7.57 (complex,
5H), and 8.01 (s, 1H).

1-(8-Benzyloxy-1,5,6-trimethoxy-3-prop-1-ynyl-2-naphthyl)butan-1-ol (104).

OBn OMe OH
MeO %
OMe Me

To a solution of 103 (387 mg, 0.88 mmol) in THF (15 ml) were added n-BuLi (1.7
ml of a 2.6 M solution in hexane, 4.4 mmol) and propionaldehyde (2.4 ml, 27 mmol) at —78 °C all at
once. After 50 min, the reaction was quenched with saturated ag. NaHCO; and two layers were
separated. The aqueous layer was extracted with ethyl acetate, and combined organic layers
were washed with brine, and worked up. Purification by silica gel chromatography (hexane-ethyl
acetate=1:1) gave 104 (296 mg, 78%) as a yellow oil: 64 (400 MHz, CDCls) 0.98 (t, 3H, J= 7.2 Hz),
1.42-2.07 (complex, 4H), 2.14 (s, 3H), 3.76 (s, 3H), 3.90 (s, 3H), 3.93 (s, 3H), 5.11-5.33 (complex,
3H), 6.76 (s, 1H), 7.34-7.54 (complex, 5H), and 7.98 (s, 1H).

6-(Hydroxybutyl)-2,5-dimethoxy-7-prop-1-ynylnaphthalene-1,4-dione (105).

O OMe OH
MeO %
0 Me

To a solution of 104 (296 mg, 0.68 mmol) in 1,4-dioxane (4 ml) and water (1 ml) was
added DDQ (327 mg, 1.4 mmol) at 0 °C. After being stirred for 1 h, a solution of saturated aq.
NaHCO; was added, and the mixture was partitioned between water and chloroform. The
combined organic extracts were washed with water and brine, dried over anhydrous Na,SO4 and
concentrated in vacuo. Purification by silica gel chromatography (hexane-ethyl acetate=1:1)
gave 105 (158 mg, 71%) as a yellow oil: 64 (400 MHz, CDCls) 0.96 (t, 3H, J= 7.2 Hz), 1.37 (m, 1H),

1.59 (m, 1H), 1.75 (m, 1H), 1.94 (m, 1H), 2.13 (s, 3H), 3.87 (s, 3H), 3.92 (s, 3H), 5.23 (m, 1H), 6.09
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(s, 1H), and 7.97 (s, 1H).

6-{[1,1-Bis(methylethyl)-2-methyl-1-silapropoxy]butyl}-2,5-dimethoxy-7-prop-1-

ynylnaphthalene-1,4-dione (106).
O OMe OTIPS

MeO ~Q>
O Me

To a solution of 105 (158 mg, 0.48 mmol) in CH,Cl> (5 ml) were added 2,6-lutidine (0.20
ml, 1.7 mmol) and TIPSCI (0.40 ml, 1.5 mmol) at 0 °C. After being stirred for 1 h, the reaction
was poured into water, and extracted with chloroform. The combined organic extracts were
washed with brine and dried over anhydrous Na,SO,. Concentration followed by purification by
silica gel chromatography (hexane-ethyl acetate=6:1) afforded 106 (205 mg, 88%) as a yellow oil:
dH (270 MHz, CDCls) 0.99 (t, 3H, J= 6.5 Hz), 0.99-1.25 (complex, 23H), 1.92 (m, 1H), 2.09 (S, 3H),

2.42 (m, 1H), 3.87 (s, 3H), 3.92 (s, 3H), 5.50 (m, 1H), 6.09 (s, 1H), and 7.95 (s, 1H).

6-{[1,1-Bis(methylethyl)-2-methyl-1-silapropoxy]butyl}-3-chloro-2,5-dimethoxy-7-

prop-1-ynylnaphthalene-1,4-dione (109).
O OMe OTIPS

PO

MeO ~Q}
O Me

To a solution of 106 (90.6 mg, 0.19 mmol) in MeOH (20 ml) was added NCS (105 mg,
0.79 mmol) at room temperature. After being stirred at the same temperature for 20 h, the
reaction mixture was evaporated in vacuo. The crude oil was used for the next step without
further purification.

To a solution of the above mixture in CH,Cl, (10 ml) was added DBU (80 ul, 0.54 mmol)
at 0 °C. After being stirred at the same temperature for 10 min, the reaction was poured into
water, and extracted with chloroform. The combined organic extracts were washed with brine,

and worked up. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-

115



ethyl acetate=2:1) to afford 109 (64.7 mg, 67% from 106) as a yellow crystal: 64 (270 MHz, CDCIs)
0.78-1.41 (complex, 26H), 1.96 (m, 1H), 2.10 (s, 3H), 2.40 (m, 1H), 3.92 (complex, 3H), 4.28 (s,
3H), 5.49 (m, 1H), and 7.88 (s, 1H).

3-Chloro-5-hydroxy-6-(hydroxybutyl)-2-methoxy-7-prop-1-ynylnaphthalene-1,4-

dioine (110).
O OH OH
T
MeO %
O Me

To a solution of 109 (109 mg, 0.21 mmol) in CH.CI; (25 ml) was added BBr; (0.1 ml, 1.1
mmol) at —78 °C. After being stirred for 10 min, the reaction mixture was poured into water and
partitioned between water and chloroform. The combined organic layers were washed with brine,
and worked up. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-
ethyl acetate=3:1) to afford 110 (19.1 mg, 26%) as a yellow crystal: d4 (270 MHz, CDCl3) 0.96 (t,
3H, J= 7.3 Hz), 1.33 (m, 1H), 1.66 (m, 1H), 1.82 (m, 1H), 1.96 (m, 1H), 2.04 (m, 1H), 2.15 (s, 3H),
4.33 (s, 3H), 5.21 (m, 1H), 7.61 (s, 1H), and 12.66 (s, 1H).

8-Chloro-10-hydroxy-7-methoxy-3-methyl-1-propylbenzo[1,2-glisochromene-6,9-

dione (97).

A mixture of 110 (1.2 mg, 3.4 umol) and PdClx(MeCN), (catalytic amount) in CH,Cl, (2 ml)
was stirred at room temperature for 5 min. The reaction mixture was evaporated in vacuo. The
residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl acetate=1:1) to
afford 97 (1.1 mg, 92%) as a red oil: d4 (400 MHz, CDCls) 0.96 (t, 3H, J= 7.2 Hz), 1.43-1.84

(complex, 4H), 1.98 (s, 3H), 4.29 (s, 3H), 5.60 (m, 1H), 5.64 (s, 1H), and 12.13 (s, 1H).
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8-Chloro-10-hydroxy-3-methyl-7-(methylamino)-1-propylbenzo[1,2-glisochromene-
6,9-dione (111).

To a solution of 97 (1.1 mg, 3.2 umol) in THF (1 ml) was added methylamine (25 ul, 40
wt% in MeOH, 0.35 mmol) at 0 °C. After being stirred for 15 min, the solvents were removed in
vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, hexane-ethyl
acetate=1:1) to afford 111 (0.7 mg, 64%) as a red oil: 64 (400 MHz, CDCls) 0.96 (t, 3H, J= 7.2 Hz),
1.25-1.94 (complex, 4H), 1.97 (s, 3H), 3.44 (d, 3H, J= 5.6 Hz), 5.54 (s, 1H), 5.62 (m, 1H), and
12.84 (s, 1H).

Chloroquinocin (74).

A mixture of 111 (0.7 mg, 2.0 umol), conc. HCI (0.5 ml), and water (0.1 ml) in MeOH (1
ml) was heated to 60 °C. After being stirred for 1 day, the reaction was poured into water and
partitioned between water and chloroform. The combined organic layers were washed with brine,
and worked up. Purification by Sephadex LH-20 in methanol (10 mm X 60 cm) afforded
chloroquinocin (74) (0.5 mg, 75%) as a red oil: 64 (400 MHz, DMSO-ds) 0.90 (t, 3H, J= 7.2 Hz),
1.42-1.47 (complex, 2H), 1.91 (complex, 2H), 5.53 (dd, 1H, J= 2.9, 9.2 Hz), 5.85 (s, 1H), 7.22 (s,
1H), and 12.67 (s, 1H).
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2-Methoxynaphthalene-1,4-dione (113).
O

O
To a solution of 112 (524 mg, 3.0 mmol) in MeOH (20 ml) was added TMSCHN, (16 ml of

MeO

a 2.0 M solution in Et,0, 32 mmol) at 0 °C. After being stirred at room temperature for 4.5 h, the
reaction was concentrated in vacuo. Recrystallization from MeOH afforded 113 (509 mg, 90%)

as a yellow needle: dy (270 MHz, CDCls) 4.31 (s, 3H), 6.02 (s, 1H), 7.78 (complex, 2H), and 8.16

(complex, 2H).

3-Chloro-2-methoxynaphthalene-1,4-dione (114).
O

JC

MeO

@)

To a solution of 113 (100 mg, 0.47 mmol) in MeOH (3 ml) was added NCS (250 mg, 1.9
mmol) at room temperature. After being stirred at the same temperature for 26 h, the reaction
mixture was evaporated in vacuo. The crude oil was used for the next step without further
purification.

To a solution of the above mixture in CH.Cl, (5 ml) was added DBU (0.14 ml, 0.94 mmol)
at 0 °C. After being stirred at the same temperature for 20 min, the reaction mixture was
evaporated in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm,

ethyl acetate) to afford 114 (90.6 mg, 76% from 113) as a yellow crystal: 64 (270 MHz, CDCls) 4.25

(s, 3H), 7.66 (complex, 2H), and 8.15 (complex, 2H).
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3-Bromo-2-methoxynaphthalene-1,4-dione (115).

O
T
MeO
(@)

To a solution of 113 (23.1 mg, 0.12 mmol) in MeOH (5 ml) was added NBS (50.9 mg, 0.25
mmol) at room temperature. After being stirred at the same temperature for 21 h, the reaction
mixture was evaporated in vacuo. The crude oil was used for the next step without further
purification.

To a solution of the above mixture in CH2Cl, (5 ml) was added DBU (0.1 ml, 0.32 mmol)
at 0 °C. After being stirred at the same temperature for 15 min, the reaction mixture was
evaporated in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm,

ethyl acetate) to afford 115 (26.8 mg, 82% in two steps) as a yellow crystal: d4 (270 MHz, CDCls)

4.32 (s, 3H), 7.74 (complex, 2H), and 8.12 (complex, 2H).

3-Chloro-2-ethoxynaphthalene-1,4-dione (116).

O
PO®
EtO
O

To a solution of 113 (32.5 mg, 0.17 mmol) in EtOH (5 ml) was added NCS (60.9 mg, 0.46
mmol) at room temperature. After being stirred at the same temperature for 25 h, the reaction
mixture was evaporated in vacuo. The crude oil was used for the next step without further
purification.

To a solution of the above mixture in CH2Cl, (5 ml) was added DBU (0.1 ml, 0.32 mmol)
at 0 °C. After being stirred at the same temperature for 15 min, the reaction mixture was
evaporated in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm,
ethyl acetate) to afford 116 (22.8mg, 56% from 113) as a yellow crystal: d4 (400 MHz, CDCl3) 1.46

(t, 3H, J= 7.2 Hz), 4.61 (q, 2H, J= 7.2 Hz), 7.74 (complex, 2H), and 8.12 (complex, 2H).
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3-Chloro-2-propoxynaphthalene-1,4-dione (118).
O

I
n-PrO
0]

To a solution of 113 (18.9 mg, 0.10 mmol) in n-PrOH (3 ml) was added NCS (42.5 mg,
0.32 mmol) at room temperature. After being stirred at the same temperature for 1.5 h, the
reaction mixture was evaporated in vacuo. The crude oil was used for the next step without
further purification.

To a solution of the above mixture in CH2Cl. (4 ml) was added DBU (50 ul, 0.33 mmol) at
0 °C. After being stirred at the same temperature for 1 h, the reaction mixture was evaporated in
vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, ethyl acetate) to

afford 118 (11.1 mg, 44% from 113) as a yellow crystal: 64 (400 MHz, CDCls) 1.03 (t, 3H, J= 7.2

Hz), 1.84 (complex, 2H), 4.52 (t, 2H, J= 6.4 Hz), 7.74 (complex, 2H), and 8.11 (complex, 2H).

3-Chloro-2-methoxynaphthalene-1,4-dione (114).

(@)
T
MeO
(@)

To a solution of 113 (23.8 mg, 0.13 mmol) in 1,4-dioxane (3 ml) was added NCS (60.1 mg,
0.45 mmol) at room temperature. After being stirred at the same temperature for 2.5 days, the
reaction mixture was evaporated in vacuo. The residue was purified by preparated TLC (25 cm x

25 cm x 0.5 mm, hexane-ethyl acetate=1:1) to afford 114 (18.4 mg, 65%):
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3-Chloro-2-methoxynaphthalene-1,4-dione (114) and 3-Chloro-2-

ethoxynaphthalene-1,4-dione (116).

@) @)
Cl ‘ Cl '
MeO EtO
@) @)
114 116

i) Entry 2 in Table 12.

To a solution of 113 (21.5 mg, 0.11 mmol) in EtOH (5 ml) was added NCS (42.1 mg, 0.32
mmol) at room temperature. After being stirred at the same temperature for 18 h, the reaction
mixture was evaporated in vacuo. The crude oil was used for the next step without further
purification.

To a solution of the above mixture in CH2Cl, (5 ml) was added DBU (0.1 ml, 0.35 mmol)
at 0 °C. After being stirred at the same temperature for 10 min, the reaction mixture was
evaporated in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm,

ethyl acetate) to afford 114 (6.8 mg, 27% from 113) and 116 (14.0 mg, 52% from 113):

ii) Entry 3 in Table 12.

To a solution of 113 (19.8 mg, 0.11 mmol) in EtOH (5 ml) was added NCS (42.3 mg, 0.32
mmol) at room temperature. After being stirred at the same temperature for 28 h, the reaction
mixture was evaporated in vacuo. The crude oil was used for the next step without further
purification.

To a solution of the above mixture in CH,Cl, (5 ml) was added EtsN (0.1 ml, 0.72 mmol) at
0 °C. After being stirred at the same temperature for 20 min, the reaction mixture was
evaporated in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm,

ethyl acetate) to afford 114 (2.3 mg, 10% from 113) and 116 (15.9 mg, 64% from 113):
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i) Entry 4 in Table 12.

To a solution of 113 (23.9 mg, 0.13 mmol) in EtOH (5 ml) was added NCS (52.2 mg, 0.39
mmol) at room temperature. After being stirred at the same temperature for 23 h, the reaction
mixture was evaporated in vacuo. The crude oil was used for the next step without further
purification.

To a solution of the above mixture in CH,Cl, (5 ml) was added piperidine (0.1 ml, 1.8
mmol) at 0 °C. After being stirred at the same temperature for 30 min, the reaction mixture was
evaporated in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm,

ethyl acetate) to afford 114 (5.1 mg, 18% from 113) and 116 (19.2 mg, 64% from 113):

iv) Entry 6 in Table 12.

To a solution of 113 (20.9 mg, 0.11 mmol) in EtOH (5 ml) was added NCS (45.8 mg, 0.34
mmol) at room temperature. After being stirred at the same temperature for 25 h, the reaction
mixture was evaporated in vacuo. The crude oil was used for the next step without further
purification.

To a solution of the above mixture in CH,Cl, (5 ml) was added imidazole (28.8 mg, 0.42
mmol) at 0 °C. After being stirred at the same temperature for 1 h, the reaction mixture was
evaporated in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm,

ethyl acetate) to afford 114 (4.9 mg, 20% from 113) and 116 (13.5 mg, 51% from 113):

v) Entry 7 in Table 12.

To a solution of 113 (18.9 mg, 0.10 mmol) in EtOH (5 ml) was added NCS (35.2 mg, 0.26
mmol) at room temperature. After being stirred at the same temperature for 21 h, the reaction
mixture was evaporated in vacuo. The crude oil was used for the next step without further
purification.

To a solution of the above mixture in THF (5 ml) was added LiHMDS (0.50 ml, 0.50 mmol)
at 0 °C. After being stirred at the same temperature for 2 h, the reaction mixture was evaporated
in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, ethyl acetate)

to afford 114 (2.0 mg, 9% from 113) and 116 (11.2 mg, 47% from 113):
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vi) Entry 8 in Table 12.

To a solution of 113 (22.6 mg, 0.12 mmol) in EtOH (5 ml) was added NCS (36.6 mg, 0.28
mmol) at room temperature. After being stirred at the same temperature for 17 h, the reaction
mixture was evaporated in vacuo. The crude oil was used for the next step without further
purification.

To a solution of the above mixture in CH.Cl, (5 ml) was added i-Pr,NH (0.1 ml, 2.2 mmol)
at0 °C. After being stirred at the same temperature for 1 h, the reaction mixture was evaporated
in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, ethyl acetate)

to afford 114 (1.3 mg, 5% from 113) and 116 (17.8 mg, 63% from 113):

vii) Entry 9 in Table 12.

To a solution of 113 (25.8 mg, 0.14 mmol) in EtOH (5 ml) was added NCS (42.5 mg, 0.32
mmol) at room temperature. After being stirred at the same temperature for 23 h, the reaction
mixture was evaporated in vacuo. The crude oil was used for the next step without further
purification.

To a solution of the above mixture in CH,CI, (5 ml) was added Et;NH (0.1 ml, 2.0 mmol)
at 0 °C. After being stirred at the same temperature for 30 min, the reaction mixture was
evaporated in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm,

ethyl acetate) to afford 114 (3.0 mg, 10% from 113) and 116 (21.6 mg, 67% from 113):

viii) Entry 12 in Table 12.

To a solution of 113 (12.5 mg, 66 umol) in EtOH (5 ml) was added NCS (36.7 mg, 0.28
mmol) at room temperature. After being stirred at the same temperature for 15 h, the reaction
mixture was evaporated in vacuo. The crude oil was used for the next step without further
purification.

To a solution of the above mixture in CH,Cl, (5 ml) was added DMAP (50 ul, 0.40 mmol)
at 0 °C. After being stirred at the same temperature for 20 min, the reaction mixture was
evaporated in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm,

ethyl acetate) to afford 114 (5.0 mg, 32% from 113) and 116 (5.2 mg, 35% from 113):
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3-Chloro-2-(methylamino)naphthalene-1,4-dione (120).

0O
T
MeHN
@

To a solution of 113 (15.8 mg, 84 umol) in EtOH (5 ml) was added NCS (28.8 mg, 0.22
mmol) at room temperature. After being stirred at the same temperature for 18 h, the reaction
mixture was evaporated in vacuo. The crude oil was used for the next step without further
purification.

To a solution of the above mixture in CH.Cl, (5 ml) was added MeNH; (0.1 ml, 2.0 mmol)
at0 °C. After being stirred at the same temperature for 1 h, the reaction mixture was evaporated
in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm, ethyl acetate)
to afford 120 (13.2 mg, 71%): o4 (400 MHz, CDCl3) 3.45 (complex, 3H), 6.11 (brs, 1H), 7.63 (m,

1H), 7.72 (m, 1H), 8.03 (d, 1H, J = 6.4 Hz), and 8.15 (d, 1H, J= 6.4 Hz).

2-(Butylamino)-3-chloronaphthalene-1,4-dione (121).
O

T

BuHN
O
To a solution of 113 (20.4 mg, 0.11 mmol) in EtOH (5 ml) was added NCS (31.8 mg, 0.24

mmol) at room temperature. After being stirred at the same temperature for 14 h, the reaction
mixture was evaporated in vacuo. The crude oil was used for the next step without further
purification.

To a solution of the above mixture in CH.Cl, (2 ml) was added n-BuNH, (0.1 ml, 1.0
mmol) at 0 °C. After being stirred at the same temperature for 30 min, the reaction mixture was
evaporated in vacuo. The residue was purified by preparated TLC (25 cm x 25 cm x 0.5 mm,
ethyl acetate) to afford 121 (23.3 mg, 80%): 6 (400 MHz, CDCls) 0.98 (t, 3H, J= 7.2 Hz), 1.39-1.71
(complex, 4H), 3.83-3.88 (complex, 2H), 6.05 (brs, 1H), 7.64 (m, 1H), 7.71 (m, 1H), 8.03 (d, 1H, J
=6.8 Hz), and 8.15 (d, 1H, J= 6.8 Hz).
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