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B1E /P

1.1 BRRAEE"

.11 #E =29

BRABITFICENE /BT DY VINVEZ, FILZRHRI VY. HDWEBICEREREW
o BRMEICHEET IV FIVEEVEIRUHY REFIENh, UHY RIZRRKICHEET L. R
FIBEEERI L., —BORIGZRBI T2,

TRESEESFICK D, MEEZAES 2 WIEHA JlaR) ZSRECHESIND, RRZAE
i ZEREE (HIREAICHELE) H20WE, MREZEE MREICEL) CXFlgh. WInbif
falEz @@ pele. IEAMEO/NDFEYH Y RETS (Fig.1-1). RAKY AV RELTE. X700
ARRNILEV EFIIVAPEYII Y DREDEBRELESY IV BRBRILEYREDNSN TS,
DAY KA L, UAY R-ZARKESHIE. BRICBTL. DNA LORENRIESIBNA

(response element) ICHEET %,

OREBM® ) A> ROVl = @id

D EEEMU AR
@ Es%

QANEZE

Fig.1-1 BARBEDHEERR DRI

BAREEE. UAY RREETIIEERERZ BBV, PIZXNDHERICK DERERERE
ZERUL. RE. BERBE. RFHLLE. LaHEBSORBICRDIEGFESZHEL TV, £l %
CDOBARBREZD VAV FHIREIDOREPBREERBRLTVS I EHRENTED. WA
HUAY RORERVERYAY R (FPIZZARPTFPYITZIARGE) ORIRAGE, £ DEE(L



PAEEDHEEROTRELZ>TWNDS Y,

1.1.2 BINSBADIELSE 2°°

BAZBEE—DDEGRFISDTFEMUVERFRA—/IN—T 73 ) —%2FHKL TV,
1980 FRICZIILITLF 34 REAEK (GR)P. TA AT YER/RIKER)” NoO—=>vFSh, %
DH%EY Iy D ZRMANDR)Y, FRBRILEYZRIERTR). LF /1 VBZRERAR) G ESL
DRBFEOIOA—ZVIMERWE, £eo IhSORBHE TO—TJICX7 U —Z V7 hThh,
DAY RREOZRE (A—7 7 vZRE) bEIERENIS/O—Zv T3 nic, TOLSICER
OEEEEMEICH T 2HARBELIRESIN. Z0F I /BEIINHESNIRDICED, INs5D
SREN—DDEBLFI77IV—EFERT DI EN DN >TEc. ENT / LABITOERNS. E
TIF 48 BzFIcd—RahdZehbhoTng ',

DFRGBHICED D, BRICEDCHE. VAV RICEDLKERENINTVWSL 2FFR
BRHCEDLK DEE  FNEFNDORBERD Y 7> K% Table1-1 [C. 6 & &k > e FRF % Fig.1-2
ICEEDT,



YII750— IN—=7 M@k | YII(T LR UHUE
RS LB B NRTAI TRa BRI ILEY
NR1A2 TRB
NR1B1 RAR &
LF/AUBRER NR1B2 RAR B ESSVARELEY
NR1B3 RARY
NALFELy—LEEETE | o |PPARY . e
VL A NR1C2 PPARSB/ & IERAEE. TRRETSDY
NR1C3 PPAR Y
Rev-ErbA NR1D1 Rev—ErbAa AL
FARRAILED R NR1D2 Rev-ErbAb
NR1F1 ROR«
RARBSEA— T 702 &K NR1F2 ROR S ALRATHE—IL ATRA
NR1F3 ROR Y, RORC
NR1H3 LXRa
FIXZE AR NR1H2 LXR B oxysteroids
NR1H4 FXR
NR1I1 VDR E432D
E4SUDZ AR NR112 PXR EREY
NR1I3 CAR FURORAY
FF A% T4 NR2AT HNF4 o Rk
NR2A2 HNF4
NR2B1 RXR
LF/ARXZEIK NR2B2 RXR 8 LF/AK
NR2B3 RXR Y
LF/ARXZR/ARE Testicular receptor NR2G1 TR2
NR2C2 TR4
TLX/PNR NR2E1 TLX
NR2E3 PNR
NR2F1 COUP-TFI
COUP/EAR NR2F2 COUP-TFII
NR2F6 EAR-2, COUP-TFIII
RIS UREH NR3AT _[ERe RO
NR3A2 ERA
NR3B1 ERR
IR~OY UBEEZRK NR3B2 ERRA
IR UZEARE NR3B3 ERRY
NR3C1 GR JULFY—IL
3-HhRFOAR AR NR3C2 MR FILRRTRY
NR3C3 PR JoyzRFOv
NR3C4 AR TRRRTOY
NR4A1 NGFIB
HIERERRETFIB & NGFIB/NURR1/NOR1 NR4A2 NURR1
NR4A3 NORT1
AFOAREEEFE SF1/LRH1 NRSAT SF1 RRIFPFEINAIh—IL
NR5A2 LRH1
iR EF R GCNF NR6A1 GCNF
Z 0t DAX/SHP NROB1 DAX1
NROB2 SHP
Table 1-1 BAZBEODFRIF/ICED < 94827




___I_Oi_: Homo TRA 11
87 Homo TRB 2
95 Homo RARA 1
100 Homo RARB 2
Homo RARG 3
Homo PPARA 1
Homo PPARB 2
Homo PPARG 3

100 Homo REV-ERBA 1
Ll:‘: Homo REV-ERBB 2 ) D
Drosophila E75 3
E

Drosophila E78 1

98 Homo RORA 1 )
) &{:l: Rattus RZRB 2 1
7 Homo RZRG F
>>

97

3
— 9_6: Drosophila HR3 4
Caenorhabditis CNR3 4

Caenorhabditis CNR14 1

38 Drosophila ECR 1

100 _E: HomoUR 2
HomoLXR 3

4

59 Mus FXR

98 Homo VDR 1
100 Homo MB67 3
Mus CAR2 4

— Drosophila DHR96 1 J
Onchocerca NHR1 1 K

88 Homo NGFIB
100 _[% Homo NURRI1
Rattus NOR1
Drosophila DHR38
Caenorhabditis CNR8

100 Homo ER
99 Rattus ERB

1
2
ﬂ__l—: Homo ERR1 1 B
Homo ERR2 ]12
2
3

43 Homo GR
_&r—: Homo MR
100 Homo PR
100 Mus SF1 1
- _loﬁ_:: MusLRH1 2 >
Drosophila FTZF1 3 S

Drosphila DHR39 1
Mus GCNF1 1 D A

94 Homo HNF4
54 100 T Homo HNF4G
Xenopus HNF4B

Drosophila HNF4

81 Homo RXRA
100 Homo RXRB
100 L Mus RXRG
Drosophila USP
100 Homo TR2 1
Homo TR4 2
Drosophila DHR78 1

&:——— Mus TLX 1
Drosophila TLL 2
100 Homo COUPA 1
- i‘:(: Homo COUPB 2
100 Bootstrap 100 Drosophila SVP 3
100 _&‘: Xenopus COUPG 4
Zebrafish SVP46 5
Homo EAR2 6
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Fig. 1-2 BARBEKOITRiEE (XL 3) K D3IMH)



1.1.3 BARBEOREE ="

BRAZEREIE. UAY REKENICENETFOEEZFIET 2EERFTHH. ERFNA—/N—
773I)—ZERTZIENE. RAROEEZHBEOEBEEICHEI TES, TNENEKEDER
ZAFDBDDRAAYHSERSNS, (Fig.1-3)

DNA-binding domain Ligand-binding domain
N - A/B C D E F |-C
AF-1 AF-2

Fig. 1-3 BARBED K X1 VigE

BARBEDS > & HEEREEETH DEEFMHLHEREIR. N Kinflld A/B #EIZ KR U C Kinflld E
HIRD 2 DFRICHFET %, E BB Ay REAEZETH D, UHY NMEENLREE S LIgEZE
I EERE(EERK 2 (AF-2) HFET 5. A/B HEIBICHEET 2HE(RERK 1 (AF-1) BUHVR
KT R ERNGEEREKEEEZE T 2600, UAY RHIEEL TLRWRETIE AF-2 (& DT
FENTED.UAY ROEEICKD AF-2 2137 TR < AF-1 DEBEDFEI NS 2 &I B, AF-1,
AF-2 OFEMIFHIREICK > TERD. AUMIETH > THMBEOREICLIDERSZ I EAFMSNTL
%"

C #BiI3 DNAFEEHEIETH D, 2D0REICRESNICERT « v H—1EBEZHBL. INH DNA
DEEINZRH T D ENTES 'Y,

E 8%k (UAY REESEE) . REHDWENTOZERZLRT DA THHD. < DFK
HEREE 1 2BDanY v I DSBS N, FHERETRRZD. AUy IR 1 2 OIFEEN
BEEEHICEETHDIEINTWDS,

D . EVIVEETHZEEZISNTWD, F EBIEENZREICL > TREELRVWEHDD
HDH. ZTOBEICOVWTTARBAMEIITSN TV,



AR AR RXR VDR

( - & ) ( 2 =2 )]

a) Steroid Receptors b) RXR Heterodimers
(Homodimer)

RXR RXR
( 2 2 )] ( -2 0
c) Dimeric Orphan Receptors d) Monomeric Orphan Receptors

Fig. 1-4 DNA#EEKRIICLD2BRAZEEHEDOIE >

Fig. 1-4 1&. ASEH4%E, DNABARERICL>TADIEABLELEDTH S, X701 RKLE
VEREEE B 7RO VREE (AR)) FRE2EHRE UV TZEHD—AZHALEEEDS
—FEBHECHALEINEEAR L ICARZEXE AR 2 DORLEVEEIL XYk
(HRE)IC#EET 2 (Fig.1-4 (@) EF X A/D-BRIBRILVEVZBAEEE B E5 2> D A (VDR))
FELF /AR X 2B RXR) EATFO 2 BEEFE L TRAABICIEAR 2 D0 HRE (AT 2
(Fig.1-4 (0))o —H. UHY RKMDA—7 7 VEBHEE. 2 8BS U< IE 1 B4&E LT DNA IS
¥ 3 (Fig.1-4 (c),(d)) s

1.1.4 BAZEEOILEEES & EE

1980 FRICHE > T KRR BAZEHEDY I RigEEE (LBD) O X REERAH TN, %
DOEENIES MR > TE W Fig.1-5 (FX#E 20) K DEIALIEL F /4 K X Z2RED LBD @ X #&
TERBERITTH D, Fig.1-5 (@)IFVAY ROBEEL TWEWFPRETH SN, LBDN 12 DaN
YR (H1 - H12) &BHTICRBEINLEVWB Y —> (sl s2)h5hd I ENRINTWS,
Fig.1-5 (a) TR U2 D i fcMEEIFE. RAXEW LBD BT 51#ETH D, Fig.1-5
(b)()iFY > RHMES U7 LBD ORI T, (b) F7I=ZXRHMESLI/RARTH D, (c)id7 Y
FIAZZARDEELIcHDTH S,

PREEROBOBERANZLR U LHEES. RBASHBEZTENIESNZDIFE. C KiGRIDOAY v
212 (H12) THB. K TORULIEHI2 & AF-2 2ETFEHEIEL R XA > A7 THZH. FREDS
#. LBD OAMAlicERUTE D, /RAOBOD LBD T A Y REERT v & (LBP) ZBU 2 &SI



DiclcEnTW3, —H, PYIITZZAMIEEULEZAE (Fig.1-5 () Tik. H12 H¥LBP
ICHIDEENTVWDEDD, ZDHD fclcHEED Fig.1-5 (b)EBia>THD., ZDEEDEWND,
FOAZARN/ TPV TZZARNEEDEWCKL TWEEEZSNTWS, H12 OBEE{IEftt D%

AREAELBD ICHHBULTRS W, ORI BRARBHROEHLICERRREERCTEEZI SN
%o
(a) Apo-LBD (b) Holo-LBD (c) Antagonist-LBD

Fig.1-5 LF /4 K XZRED LBD O X it @EE T *

BAZEEIF, 7 IZXA MKRBEEORETREEZHIHT 2HEERKZHERF (2 Ly T-)
MEELTHRD, VAYRIRIEETZZETaA) Ly —0 L. KD ICEREERREEIRF
(A7 I FR=5—) BEEITBIENEESNTVNS %
INTTOMRDPSEARBHEDO U HY MEEHEKE 77 FR—F DFEEEMALIE LexLL EF—7
X IIMEBROT I /B EFEN2EHTHD ' BRAREEOI ) FLy Y —PaAF7 IV FR—F—D
EAERAIIE  E 9B AF-2 AD core EEENZ 1 DD aNU v I ATHZZENHSNTWS, &

DIEREARITH D AF-2 AD core [FH12 THD. 2D &S HI2 WNERILICERGERE ZRICT
Z ENEEATIRETH B, (Fig.1-6)
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NR NR NR NR
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FI=Rk
( _ ' — > | _ '
BEHEET BEHEET

Fig.1-6 UAY MRENGEGEEHREFHOBRHE 25

FEE, TNETUHY REKEETH 27 ME LBD OBERTN TN TI B - ZSB/ARTHBZE
IV DBREROTREOEENRBI N, FILBUAY REEXAHNZXLBIRIBEENTWS, A
UfciBis - HAEEREE D, BRNZRERERADERADEHFINTWLS 'Y,

1.1.5 &AZAEMKY TV K OERKIGH & MER

11T ETENC L SIC. BARBGKIE, BE ERY. AR ELEMEROREICHNDLELT
BEZGHIELTED. REGEZDUAY RDEZ <A FIOREPRFERERE D> TWS, Table
-2 IRARBERICEET DERBOHTH S, FIZF. 7Y RO YZRKERILZRE. T 00
VEBREHABBRIORKESLTED. RBKYAY RINAREE L TALWSNTWS, LML,
BARBHEOEE (32K TH O, BERPERAEBNNELC S0 E, AEDRLEL TEDBRNEIN
TW3,

AN BIEY 2 & EM

Y RO Y ZRE BUAZ BRI
I MOT YRR AfE. FER. BHERE
IV F A4 RZRE RIEMEIR R
FRIRTILE Y SRE BAIw
EY Iy ARER AR B B IR
493> DZRE BRI,

Table 1-2 #ZAZARKICEET 2&EEDH



1.2 AHEOEB

AR TR BARBEOEE KBz EIC. INZHEY 5 & TRIRDEICE 1T 5RAL 2
BRRICFSETEZDTRIBRVNEEZX, BARBRDSE, EYIY DRAGRITZ Y ROT VR
BRICERZEDYE., INSORBFICEEZRIFRIEEYMZRIRIT S ZzBHNE Ui

EY XY D ZARDR)ICDOWTOFMIFE 2B THENSZN, EERE L TOISAMIIFENIFES
<ZW, VDR UAY RELTHRESNTWBILEYD. RRVAV K VD: DFEHFENE L FEA
ENEIRTOA REBREZERDLEYTH D, BELKRIEICZLWEF TR, £IXFTOA KRB
FEBRDEM T, REMICEENHZH. EYIY D OELIEERBADOICIIFREEET
$2IELIXTOARE VDR UHY ROBIBMNEENTWS, £z, VDR OEED— DIzt
FENHD. VDR PIZRAMNIRBBEANDIGABHAFINTVWS, VDR OELHEEE L THILYY
LRBAFHNH O, VDR U A Y REEERE U TUSAT 2720 icid. MEFEE HILY D LARB O
REZDBEUERABROY IZAMDRELEEZ SN TWS,

AAETIE, FFEIRT O RBIR%EFHD VDR 7 I=ZX b QAIR ATV, MRS HEE % F7M
T2, RALIFEBZBRESDUAY ROBEEFHERLPZIRABERAZHSHICTZ I ENT
ENE. FIEBRVAY ROBIRNTREICRZ EEZ SN, S SICHEENBRE 7 T X NDRIRIC DA
HZHEEELH D EEZ TS,

FYROTVEREIE. PYITZAMRUBREAEERE UCEERNBZLOHD NS, %
KOUAYRHPEIEEH, X704 REDOEHD, 3EXTO4 REDHDME B ITHRRIDAINTWS,
UL L. REIICIE. SBERZME L TWTHROIMFEINI MR < 22 EBIRIMMRIZERE (CRPC)
EWSIRREICIR B fch. CRPC ICUTEMR AR 7V I TZX M DRFENEIN TS,

Z T AARTIZE 3 ETENDRAZEHHEEEGIEREG ICEDE. ZRE AR ICHBNBHR
EREITZTVIT_ANDRAIEETSZ & U,

b AARTIE. BARBEOFEERRREZ b EIC. EYIY DREBFAERVOT7 Y ROTVERR
HROFICIBEETEHAZRIRHL, TOFEEZFMI S 2BNET %,



F2E UNI-IIBREERBEULICESISY DREBGHY TV RORIR

2.1 BR

2.1.1 £4x> D"

EYX> D FEAEEYZIVO—ETHD. 1919 FILTML ZHWAFE UL TERESI N, 1931 &
CIILIRTFO—IBAROENMEBRRICYF &L DiEENBRHINLH, RICZOBRITEEYTH
ZZENMIBBL, COREEMZESY IV D, TITAILYT7zO0-IZEY IV D, &t Uiz, RE
TEEY IV D,~D; D 6 BENHSNTWED, ZORTEVWEIIHEZRTHDE L TERICH
ENTVWBDREYIY D, RUOEY IV D; (VD) E@mASNIL ALY T cO—ILD 2EEDH
TH3 (Fig.2-1)e WIFhb, AT0O4 RBRD BEICHYTIHUIHELLELIXTOA RERE
ENR—RIC 17 LICRIED S 5162 LT3,

HO™"

vitamin Dy vitamin D3 (VDj3) vitamin Dy

vitamin Dg vitamin Dg vitamin D5 (24-epi-vitamin D)

Fig. 2-1 P4 3> D RAGEAOMES



P9Iy D i IOEY IV ERERD, ARTHLABRNTETH S, VD:lE. BEICE W\ TEMR
DEMICED 7-FE ROALRAFA-ILEDERT B, RRTER L. $20\E, BOKICEERL
fo VD: &, FFBCKB{bE N, 25(0H)D; £AD, SSICERTGEERESY I Y D, EFENS 1
a,25(0H),Ds N EEHE N3 2 (Fig. 2-2),

CYP27B1
B

CYP27A1
FrFfE

HO''

HO'

VD, 25(0H)Dj 1,25(0H),Dg
(E%2>D3) GEMRES S VD3)

Fig. 2-2 HAICE T BFEMHEE Y I DDA

EYVDOEBERELTINETICEHSNIINTWS Z EE. VDR ZNU TWNENS DAL
YOLE) VDR ZEREL. BOFKERRZRET DI ETH D, RICEIFRBRILEY & DI
RERICEDBEDAEZERET DI LICL > T WBEAILYITLRYY VEEEZSED. £HEOAIL
YOLEY YDEBEEOHIFICES L TWS, SEERESY I Y D, dBHFMREZEN U TEIRINE B 2K
BHIEOEA & ML ERET B, T, REMAE, EMMRELEEL OMROEIHEE MEICESLT
W3, 2

212 €92 D&M (VDR) RUPVDR UAV K

B4 x> DRAMAK (vitamin D receptor. VDR) BEYX> D ZUHY KRETEIHANZEETH
%, BELEREGSE ORINMILICEEL, EYIY D EEAKERRL. ZOEAKIELF /1 R X
Sk RXR) ENTOZEGELR LT DNA DRILEVIHETIL X ~HRE)ICHEAT 2 % VDR
FIBECEBRELG TR B, KA. B, TEA MK OFE PRR BB 88 MRS



< DIEFOMRZICRKIRELTWS 2,

INFETICEY S VRBIRFEE. KEKRE. BREVEOAREZENICHEZLOEY IV D FEHEN
BREINTELN, BIEBE UL TEAINY D LAMEZS| SR T 2P, AT LAMERZDEEL
IAERAR BB OFEFRDOFAENED SNTE e, BRIDAINTWS U HY RZ Fig.2-3 I . Zh
UADRENZRY H> K% Fig. 2-4 I 7*ICRT s AH-177& MART-10 W3 VDR 7 I =
AN THBZHAH-T (FENI-BRBEERNZES SN MART-10 ([FEWH AMMBZIEIBINEII R Z R T,
VDR UAY ROTEIF., FEAENTIZINTHD, 7V H TR NI TEI-9647 *, DLAM*'7x
EFBICESNICBEULLIRHLLSHW, oo REBATEERE U TERAENTWS VDR U Y
NIFIXRTEIRTO4C REKZHD VDR 7I=ZR~THS (Fig. 2-3),

HO' " “OH
O oH

AN BUAF=) TFILWT7T7ALT R=) ILFALS K=  ZZ7LALZRNIA-L

ANZRRNIF=I AL R=) IEHHILS K=

Fig. 2-3 EEERIGASNTWS VDR 7 T=X h D#EE



AH-1 MART-10 TEI-9647 DLAMs

Fig. 2-4 RFH7& VDR U A Y KOEE

VDR UAYRELTHAISNTWREEYIEEIRXTO4 REREFRFLLEHDONFEAETH S,
LARTFO4 REEFEEEFERRARNDOBRE L TERATHZ DD, GEIEMETH S, (LEH
ICREEILZULVWEDNZ BN WREDRENED, ThHESY I D OEEIGHAZRS TWL
2&EHEZ6N, FEIRTOCRBEVDR U AY ROBEENEFEFNTWD, UM L. EEELGRIERT
O REID VDR U Ay ROBERIL. KEY A REDPERLUEI T IRV Y VFEEEK ™, B
MEREHRERERAZE TCHRELILALRT Y RLPEYIOA 0 5 VFEE PR e, #fllic
RS TWw3 (Fig. 2-5),

Il Tk ST T,

LG190155 LG190178

OH OH

HO, HO, ,
OH  AHuRS>HEHK OH  psonxss>smusk

Fig. 2-5 3FtIX70O4 REVDR 7 I=ZX NDHEE



213 U LI3—-ILEE

2002 FICHEESIC & ZRIBHEETHSY b A—/LE (LCA) & 3-keto-LCA (2-1) (Fig. 2-6)
MNEWENS5H VDR 7O MNEEEZFOEZORREE VDR U AY REUTRES N ¥, Z0%D
R TLCA @ 312 TXT )L U7 LCA acetate (2-2) N LCA KD EFEASVI ENRESI N
12 AT LCA E#5E Uz VDR OEEEIFBRREIC S N TWRWAS, /NGHIIEN TAIRREE L E
ICBEBESNI LCAN VDR IZHEB L. CYP3A ZFHEIT 22 & THEX LCA ORE - BEZR L. K
BHAIREDREIEEFHLTVWSDTIERWAHEEEZSNTWS ¥, iz, LCA FERIEENIL
VOLMEXG|I ST IC VDR ZEMELT 2 EDHELH D " (ERAD BB EEDRFE DT
bFNn5,

LCA 2-1 (3-keto-LCA) 2-2 (LCA acetate)

Fig. 2-6 U N O—LEERU'ZFEH

VDRAAREMED AV RTHZEUREEY IV D &2 < BR28ED LCA ZRHT 2HEBEZHSH
IKg3dZ&ld. LCAZY—REEYMELIHIEZ VDR UAY ROBIBICERATH %, 7Y hdD VDR
YAy RiEE%EE (Rat VDR-LBD) & LCA SFEADEREERENTH TN, LCA R 3-keto-LCA

(2-1) YREKEY AV RTHZ 1a,25(0H).D; EAURTY MIHEET DI EMNHBAL T,
Fig.2-7(a)ld. LCA acetate (2-2) & Rat VDR-LBD Dfg@RigE% RULIcH DT, (b)id 2-2 (EixE)
& 1a,25(0H).D; (%) ZERTRLIEHDTH D Tk 38) K D3IH. —HR). fEREERT
DFERI S{LEY 2-2 6 LCA ¥ 3-keto-LCA(2-1) L @HRIC 1 a,25(0H),.D; EEURT v kIS
THD., LAY 22 DD AILRFVEFE Tyr143 (NKEHSHI T 143 BED7 I/ BETHS
FOYY, LHERKICEEINTET) KLU Ser274 EXRFHEEEFERLTWSZ &, Ser233 LU
Arg270 EXKENULTKFRESEZFEBRLTWS Z &N DD D, cnS5DEEIE 1a,25(0H).D; ® 3
MUHBIC MO ROFVHEEKFEREEFR U TWIEETH D, e, (LEW2-2 D 3 DAL
RZJVEESRIE 1 a,25(0H),D;s D 25 DO RFIEDEELRU < His301 &kFHEEFBL T
WBZEBHPBELTWE, Ihs5DZEMS LCA D AREBIFRARILEYTHS 1a,25(0H).D; @



RIEICHISET B EEZ SN, A BE3MOLORFIEZEBHI S & THEBEEN LR LIS &
FLCAZY —NLE¥ e LIcBERRBZZ A2 L TEERBANRE TH 5,

@ (b) Tyr143
Tyr143
Arg270
Ser233 { 5’
i
'=$\, S, L
- 2L,
o TSI ‘%
MR DO N >
e :,:,"e:;; < Ser274 \
LCA acetate
His301 His301 4 E

lle306

Fig. 2-7 Rat VDR-LBD & LCA FEF(2-2) R ISEHEIE'Y = > D, & OEAED X igiEEmRT >

KAEE. ULDOEITHARZBEEA. REEY AV RTHBERREEYI Y D t2< ERBEBED

LCAZU—REEYEL. LDEBEGHREFERZRRT S EZBANELTITo T,

22 {LBYDTHA >

URI-ILBZEUHETBEHEED VDR UAHY NOBEEHEMEBEICOWTIIERDEREH B

D, BEXTICHBLTWSZ EIEUTO®ED TH B >, BH. BLEVMDEEIL Fig. 2-6 XU Fig.
2-8 lcixUTeo



2-3~2-9: R1, Rg, Rs, R4 =H
2-3 Propionate : X=0OH, Y=0-COC;3H,

2-4 Formate : X=0OH, Y=0-COH

2-5 Methyl ester :X=OCHjs, Y=OH 210~2-13: X=0H, Y =0H

2-6 Ethylester  :X=OCyHs, Y=OH 2-10 Chenodeoxycholic acid  : Ry, Rg, Ry = H, R, = OH
2-7 Benzyl ester :X=0C4Hy, Y=OH 2-11 Deoxycholic acid : Ry, Rg, Ry=H, R; = OH
2-8 Tauro- : X=NH(CH,),SOzH, Y=0OH 2-12 Ursodeoxycholic acid 1Ry, Ry, R4=H, R3=0OH
2-9 Glyco- : X=NHCH,COOH, Y=0H 2-13 Hyodeoxycholic acid 1Ry, R2, R3=H, Ry, =0OH

Fig. 2-8 BNV b I—)LEREBAROEE

F9. UNI—IEATOA REROSMUOBHE(Y)ICDWVWTIE, a-EROFIE (LCA) RV
T MK (k&% 2-1) (Fig.2-6) E7 I=XNEMENH D, 2-1 DALBWEEERT ERES L TW
%, Ffcw 3SMOEROFIVEZIZXTIVKRICT S & TEENALRD, 2-4<2-2<2-3 DIEICEWN
SEMERT, —AT AIEICOVWTIE, AIEEERT 2 EFEENTAD. ZILD—IURIEEED AL
EWSHRENH B, Ffe. AIBEHOIRTIVE (2-5~2-7). RCEAEIY Y145 —K~ (28, 2-9) &
EENBVEREIN TV, E5Ic. 3MUADE Z 3N ELE i fBTEFER (2-10~2-16)
ICIHEEIEVEREI N TV,

INSOBEEHEBOMEN S, AIEEED D WL AR IMNEEEBHTSILickD. VDR
PIZZANEED LRI EFHFTE D, 22T, AARICEWTIE, Series1 & LT, LCA D 3D
REREEZRREREREL LB EFREEMT S & Ui, BIFMICIE. 36Iic 7S /& (2-18). 7
ER7IRE (219). IRV TFIRE (2-20) 28obEaWERE Ui (Fig. 2-9), LCA 7& 7
— N 22 DIEREETIE. 3z ROFYEMN His301 2 FAREELTED. 1a,25(0H),Ds D
25 IO RF IV EA His301 & His393 D2 DDERXF IV EKFRR‘ALTWS I ENS, D3
RWBKREENER I ND 2 EICLD, SEEIA LT B EER T,

RIT. Series 2 LT, AISHAEBHLICLEMOEBEEL oo AISEBEIICEVWTH, FHRiEE
FEITICK D LCA 72T —h 2.2 DAILRFVEL Ser233 KUV Arg270 FKZN U TokRiEE
LTW2, 22T, MIBKRREEMBREZEATZ LT L DBERKRBEENERI N, 1
BEMMENA LT 2 EE X 2. BEMICIZ LCAD 3 EFEFILE LIz 22 %Y — R{EEE LT,
Al afzs U< & Bzt ibaEstE Ui (Fig. 2-9). {tEYDOERKIE 2.3 #i. SEMETMEIE
2.4 BITHiNR B,



Series 1

COOH COOH
Xo e :; X,
© H N H
LCA X=H 2-18 X=H
2-2 X =COCH, 2-19 X = COCHg
2-17 X = SO,CHj 2-20 X =S0O,R R=CHg,Ph etc

Series 2

., COOH

CH,CO0" CH4CO0™'

X or Y= (CH,),,OH, (CH,),COOH etc
2.2 2-21 (general structure)

Fig. 2-9 &EBFRILEY

2.3 LEYDER

23.1 3MCERFEFEZEALLLEDDER ™

LCA DAILIRF IV EZXFILTATIVIC U THRE UV LRICKERDZITV., F5N T 2-23a, 2-23b
N5 epi-2-22 NDOEIED e DIIKPBRRIGEIT o> ENERTIRKIFEAEET LRI -2 9 2T,
HERBICED 2-23¢ ZAR L. MKDREREZIT oI & T2 BRTRPHICRIGHHET UTcfzo.
2-23¢c iR T epi-2-22 ZBEMT B2 &IC UTco MWTF I RIICE D 2-24 ZER UL & 5 ERATcHK
IGHEFT Ui o fefzédb. 77 O EZITV 2-25 2131, i< 1 I i DHAEKRIGIEERTIXIF
EREETURBWHARY /—)LHETERLUICE ZEZEROMNCRIGHET U RIGKE TR, ZILZF
DHZ LxRAWREREZ RS, THIHIEE VBRI RE TH > DT, BB EINZ. GG 2-26
EUTERUZ, LCANSDUERFS TET27%TH >z (Scheme 2-1),



COOH COOCH; COOCH;

CH3COCI DEAD,PPhg
HO™ MeOH HO™ ROH,toluene
H H H
LCA 2-23aR=Ac  76%
222 85% bR=Bz 57%
¢ R=HCO 70%
‘r,, COOCH;
DEAD,PPhg, Zn(N3), 2Py
NaOMe —_—
—»
MeOH
N
HO H 3
epi-2-22  93% from 2-21¢ 2-24
DEAD,PPhg, phthalimide
toluene
‘o, COOCHg
‘o, COOCH;z
i) HoNNH, * H,0
o) ii) HCI
N 1 MeOH +.
CIr HgN* ol
(¢}
2-25 59%
2-26 87%

Scheme 2-1 1b&# 2-26 DEHK

2-26 N5 2-27 KU 2-28(a-c) =B L. ZNENAIEDO IR TILREZNU. HILIRVEE 2-19 KT
2-20(a-c)& UfcoE£/e A UK 2-26 DRIED TR 7 )LIREEN L. 7 = /B 2-18 15/ (Scheme 2-2),



i) NaOH H,0/MeOH
ii) HCI

Xo o
R XSy
H H
2-26
i) NaOH H,0/MeOH 227 X=CO, R=CHs, 7% 219 X=CO, R=CHg 69%
ii) HCI 2-28 a X=S0,,R=CH, 94% 2-20 a X=S0,,R=CH, 37%
b X=50,,R=C,Hs 94% b X=S0,,R=C,Hs 64%
€ X=S0,,R=CgH,-CH; ~ 53% ¢ X=50,,R=CgH,-CHg 52%

2-18 77 %

Scheme 2-2 {t&%7 2-18. 2-19 XU 2-20(a-c) D&

e, (LEY 2-20d DEBRDIRR &3 2-28d DERH D HMATH. BIEBYINE < 2-28d 155
ENTERD >z, (Scheme 2-3)

NsClI, pyridine

—

CH,Cl,

Scheme 2-3 b &4 2-28d DEEDFHH

FWTIEEY 2-29 [COWTEFEMEFHEZ TUWWcWEZE X, 2-25 DRIBED X FILI R FILENT KIG
E{Tofch, 2-29 (FESNT 2-30 KNESNTcTzo. 2-29 2B DRMIIH= L 7z (Scheme 2-4),



2-25

NaOH 2-29

N
H

COOH

2-30 89%

Scheme 2-4 b &4 2-23 DMK EE

232 AFIIXATILRORIVIKVETZATILOERK

RICU R I—IVBOITZATIVE2-2 %11 2-33 2185 C & ZBRICRINZET>fce 7ET—h 2-21&
LCADSEHEERT DI ENTEN RIVRYBI XTI 2-33 IFEERFS Z EHNTEED >lefedd,
RIEONDIRFIEZREL DS MVIMELEBICAIWRFVEDOREZNT AETER L
(Scheme 2-5),

20



AcO™
H 22 91%

AcOH
TsClI
EtzN S
t o
2-33 51%
K»COj, BnCl
Pd/C, H,
DMF MeOH
TsCl
EtsN
2-31 82% 2-32 58 %

Scheme 2-5 {t&Y) 2-2 XU 2-33 DERL

233 U bI—-ILEROAEZEM U ILEYIDER

IS a A1z BT U 1o b B8 2-36 2155 fc . Scheme 2-6 [CHEW 2-35 DERLZ EH Ao

£, URI—IBORYIIIIZTIVE 2-31 D3RO ROFVEE TFILIXAFILVUIL
(TBDMS)ETREL 2-34 & U, #WT. 2-35 275, -78CTUFILIAY FAOLEIILT =
K (LDA) T 2-34 Z#iNZx. —EREEREIC. TAROKRILATZILTE REDEEDIFVWDOERS %/
ZIRIVATZ LT E RZEIAT2H, BEOMEDEIERY & FROREMHEN S 11 2-35 (F18 5 ah
Sfco RIDHETT DS, RINEEZ-15CETHITH. 2-35 FHESNEN T, RIVRELIE
HIFE. BREZMZSIEFREZZEL THEMBICRFT LD, RIDIGETLED 2T E5IC. /T
RILATZILTERODRDDICNUAFHYERAWS, ARROKRILATILTEREMZ S, REER
HURD. WIhERED+DICETE T, 2-35 2182 &N TERD >,

21



COOBn

TBDMSCI

THF/DMF |
TBDMSO"

2-31 2-34 95%

LDA, HCHO

—

THF |
TBDMSO"

2-35 2-36

Scheme 2-6 {L5%) 2-35 DERMDFH

ZZ T, AIBHOREZRY VI IZATILTRIEL AFILIRAFTIVIC Ut &Y 2-37 2GR L. Bk
DEHFTRIGZITo> e, 2-38 (F/SNBM > (Scheme 2-7), LRV 2-37 [CZHED LDA
EMZBDHETEHRGET >N RIGIEETLARH > 72(Scheme 2-8), U EDBFIET o7 B
MEg2bEaY (2-35. 2-38 £/cld 2-40) 282 LM TERD oo, (LEYEE 2-36 2185 R
HEFHTT D &l Ui,

COOMe

TBDMSCI LDA, HCHO
- +>
THF/DMF THF .
HO ) TBDMSO' ol TBDMSO"
2-22 2-37 77% 2-38
Scheme 2-7 1{t&4) 2-38 DERLDEH A
COOBn COOH
Pd/C LDA, HCHO
—_— —H—
. THF
TBDMSO TBDMSO™ ) TBDMSO®
2-34 2-39  30% 2-40

Scheme 2-8 {L&¥) 2-40 DERDFHH

22



RICHAE afiiz 7OF{ L TIcbEY 2-43a,b ROAISEIC _EESZ 6 D{EEY 2-44a,b DEKRZETT
> fco Scheme 2-9 IZREW 2-2 D a D T OFZEITL. 2-41 15T, 2-41 DL RIS TIERE 2-41
EHERY) 2-42 DDEEDFERICHEE TH 2 1co. [REDTRICTHKLT 5L S DMF BR TRIBZITLN.
FERCEKRICENY 2-42 Z B U, 85N 2-42 DI ATI)LEMKDEL. 2-44a & LT, B85
Nnic 2-44a FFEP T—EERUCEBRERICKDBR U, 2-44b 2157, TOEM2-41 HRKRICHE
BEIZTILDOIMKAIBERO 3t ROFYEDFEFILEZEITL., 2-43a KU 2-43b %157,

AcO"

i) Bry-PBr i) MeOH

cal,

COOMe

NaOH
—_—
H,0, MeOH
AcO”
2-41 59 % 2-43a 73 % 2-43b 95 %
NaBr-CaCOj3
DMF

AcO™

2-42 57 % 2-44a 66 % 2-44b 51 %

Scheme 2-9 L&Y 2-43, 2-44 DERL
WTESN 242 ZBAWTY A T IILEIIRIGZ T o fco EUSIC. T bAVDLEMZTY

7/t fTofco REHIHRL B ST RIGZFEILEL, BRI FIIL Tt ZIT>fce s, —&A
MBEITFILcHESNOTEREZT e, BENLDEHLINIC 0.6 mg THoeh. 'HNMR T
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BRUIcE T3, 2-45 BB OSNIEAREMN SV E Bz, e, ENMPBnZ & e +RICBRTE
Bhofofcd, BEOERIETE R ofce oo NAVEBIYXFILEER (KBIEAU DALY £
FFRUDTALAXRNEFYRY?) ZINZTRBZET> A BRI 2-46 3B S5SNI > T,

RIC, 2-42 ICZhAXT Y ZIMZTZ MAXFILEZEIToTco 60 CT7 BREFEIH L THERERRHITHE
KUGBH D, SSICREZ LT THEANRSNBWHRIGZFIEL T, BNIEER., HFLT
BEET>cE 3. FIEF—ADITRTLAY—TH 2 447 %81, BE5NT 4-47 (FAEDI R
TILEIKDAEL, 2-48a Z15Tc, 2-48a ZHFEEH THNED U < (ZEKEFBRZAW T EFILLZEHH»
2 ¥h¥2-48b (FBESNBMN 212D T, Y 53—V XELIC K D, 2-48b & ERDIEMED AT TE S 3-keto
1£2-49 =5 LTzo (Scheme 2-10)

CH,(COOMe),, NaOMe

2-42

WH
CH3NO,, DBU
CH4CN, 60°C

2-46

AcO™

2-48b
2-47 2979 2-48a 16 %

N

Jones reagent
Acetone

2-49 67%

Scheme 2-10 {t&Y) 2-42 O~ 1 7 ILAAIIRIG

24



*, _~COOMe

“, A\ COOMe COOMe
TBDMSCI TMSAN, LDA
B D —— +
THF THF, -78°C
HO" TR TBDMSO"
H TBDMSO TBDMSO
2-42 2-50 88 % 2-51 2-52

TBAF

THF

HO™

Scheme 2-11 k&Y 2-42 D7/ XFI)LL

2.2 0k ROFVE% TBDMS ETREL 2. MUXFILYULTERZRMYIL (TMSAN) %
Mxfz& 2, 2-51 BMERK L “s 2-51 (Z3 U ATILAT LA TOREFIC—INDEL T 2-52 &7
>fc GTELOIE : 15%), 2-51 & 2-52 DREWZE T VLT NS TFILF7 VEZT LA(TBAF)IC &
DIRREZELIcE T3, 2-53 & 2-54 DEEYNE SN, (Scheme 2-11)

2.4 BRULTILEYD VDR &M

241 3{uzEMLrcibay ™

BH Ut EY 2-2,.2-18,2-19 X U 2-20(a-c) D EY = > D ;EEZ AN S 2. HL-60 #iZ (Human
promyelocytic leukemia cells)Z AW MEFERE =T > /2 s HL-60 #faiE. BIUFMEET
HOHESY IV DIKEMICHMET %, VDR ICHT 27 T=Z MEEMNE T NIE. £ D% < Ofan M
IT2HDOTEYIY D FEREEICKITZ2T77—ANRIY—ZVTIcE<BAWSNZAETH S
008040 SMEEDRITE (3 BIRR O FBRIRN D MEIBE TH 2 NBT BRI DM ORAEICL DT> e
B DIz Ic Wb B 2-17 ($FK A< DRI IL— T TURIER L Icb DZ W R % Fig. 2-10
LAY o ARBRRTIE LCAIR 10 y]MUTORERFEEZ RS (T—FTBHR). 77—k 2-2
(F 10 uM THMEFEFEMEZRT . HERE L TR L CBRBEREE R OBERDORTIE. XYV R
RYBIRTIL 217 NREFEENEL. 1 M B ETESEERUTC, 3MIICERBHEEL LT, 73
JE. PIREZEIHEEMICITEENRSNGN S fce —A. ARV P I K 2-20a(dF 10uM T

25



SEMEAERUIZ, RILIRY 7 2 K 2-20a, 2-20b KU 2-20c DB TIE. BEBRE R AHIELARBICD
NEEIMET I EEHRH SN i,

SEIER LI ALEYOHR TREBWEEEZRLILILEY 2-20a (. KAV HY RTHZEMER VD,
ICEARNIE, VDR UAY REUTHRREREIFEZBRVWD, LCA KD IFEWEEZBLTWS, B
REREZEIZLEMOFTROEVEEZRUIEEY 217 O SMUBBRETH DI AV L —E1L
FHICRIGED BTV, —A T, LEHY 2-20a HNFDORIRY 7 I RERLDRTELRBBRETHD., &
S5R5BERBIEITOIIET. LDBWERKEZF DFEEIXTOCMRBVDR VAV RICKEDES L
EZTW3,

100 100 1 (b)
(@) m0.1nM

90 M 90 E1nM

80 80 B10nM
g 2 B £ 5 @100 nM
2 2 01pm
2 60 g 60 010 uM
-} ©
2 50 2 50
(1] [}
= =
] 40 s 40
£ £
g 30 T 30

20 20

10 10 I:l

0 . | | 0 —— [mmm d:l:l _A:I:l
VD3 2-2 2-17 cont VD3 2-18 2-19 2-20a 2-20b 2-20c

COOH ‘. COOH ‘0, COOH

H

VD3 (1,25(0H),Dy)

2  X=COCHs 2-18 219  X=CO, R=CH,
17 X =S0,CH, 2-20 aX=50,R=CHj,
b X=80,,R=C,Hs
€ X=50,,R=CgH,-CHj

2-
2-

Fig. 2-10 HL-60 #ifZz A\ e LA SEER (1)

242 fISHZEHULEY

RICEISEHEEM U b EYD VDR I3 7 TR MNEEZFANRNS 8. HL-60 =B\
LHERBRET o Tco BR% Fig. 2-11 RO Fig. 2-12 [CR T
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70 7

60 -
= 0 @0.1nM
2\:7 _ @1nM Ao
E 20 - O 10nM
g [ E100nM 22
g 30 O1um
&
g 0 | O 10uM
10 -
0 e -_.—|‘ J_
cont VD3 2-2 2-44a 2-44b
Fig. 2-11 HL-60 fifaz W atFEHRER (2)
14 -
T 12 -
)
3 10 - @0.1nM
- 8 - m1nM
3
8 6 @10nM
€
g 4 - @100 nM
&
8 2 1 uM
0 | =il =] —lim o =

cont VD3 2-48a 2-43a 2-43b

2-48a

Fig. 2-12 HL-60 #ifa%z B\ MEBERER (3)

k&Y 2-2 & 2-44b DFHEICITFE A EELAOSNBWT ENDS, IO _EFESOEFEIEEICITFE
WNEFEUVRWEEZ SN, £ic. {bEY) 2-43a. 2-43b KU 2-48a HTEELR 7 I A NEEE RS
. Ao OREANMIEBFO=Z NAXFILEICITEEZ NI T I2MRITBVWEEZ S,

25 INE

AMRIE. VDR ICEHWFI-ZXNEEZF TS LCAZY—R& LT, FEFEIRTOARED
VDR U A K DRFEZBRICIT> o

AFETIE. LCA O3 EBEHLIbEYWELTTFIY (2-18). 7RI KR (2-19) XJLKRY
IR (2-20) XRORIEEERUIEEYE U TRREBRUZLEY (2-43). —ZbOXFILELLTZ1E
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&Y (2-48) VHABKICZERAEF DAY (2-44) AR L. HL-60 M2 AL OLFERRE
Tolce ZORERERMNS, LCA DIMICOVWTIE P/ BHELDOBREREEOANEYIY DIE
LB WMBERAD RS Shic. BRRBERDOF TIE. PTEIREDBRILRY 7 I ROAIEENE <
WIFNDFEEd, RERBBREDOEAIFEHEZETI TSI LI ERTE .

i, RIEOEBHMICOWTIE, AlEafizRREBBRLECAYROABEAZ = OXFILLLT
LEYIFBEEREEZRIT. —ERFSOFRISEREICHELVLRVWT ENHASHER A BT
ElEEYDREN. TABARZEBFTZ I ENTERLRL o1

S, ERULEEEMOFRTIE. RILIRY TP S RE 2-20a NEHBVEEZRL. Y—REEYT
$H3LCA KD EBMUEREER L T oo RILRY 7 2 Rik 2-20a I T 2BEBEEETH 5 ALK
VIATIEZEHDMEY 217 KD BHFWEFELI oD RNRY P I REFIAIIVRY I ZATILESK
DHLZEMICRETHD. TSRZI\BERBEZTSCLT, KDBWEEZFHOFEIXFTOCR
BVDRUAYRICHEDEBEEZ TS,
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B3IE HILARTVEBHAKEEBRETIFHRARFZ VYT =X NDEIHE

31 BR

3.1.1 ZyROsyvEEE ARVROC7Z>YROT Y

7Y ROTVZBREEIBARRER—/N—T7 7Y —D—BTHO. AR BEFIcI—RIhii
110kDa AR TH D, AR EIxFIld. 1981 Fick M X FEHEMNSEAES N 1998 FiTld. 7
O—=y7&nfkc®, & MERTIE. EICRIZIR. BIEH. A, PRSREEICHKERELTWS %,
BIMZAREICIHBRICHKIRL TED .. IDABBICHRRITZDH SN S,

YROTVEREORRMEY AV RiF, 7TAMNITFAOYPIYEROTFANITFOVICREZEI NS

EHMRILEYTHD (Fig. 3-1)e TANATAOVIIRHEEZLRBEURILEYTHD. EICETERPE

IEWTIALRATAO-IDSEEREIND, TANIATOVIEDWE., ba-BTEBROBE (T
EEOBW 5a-YE ROFAMXFOY(DHN)ICE#REI NS, ba-ETBRXIED S BHIMEMEE
BZEETZIEDS, DHT IFFICEHRICEWTEETHZ EINTVWS Y,

OH OH

FAKMZXFOV(TS) T ROFXMXFOY(DHT)
Fig. 3-1 7>y ROy vSREORAEY H> K
7Y ROTVIERDOKRED?E AR ZNUTRIEBINTED, 7ROy vid. BEEEEOHEST
THETEICHEBELREBEEZRICT, S5IC. FIElICEEEXST. SHRBEEBERZRI I EHASN
TWB ARG IATFRTOAVEREEBENUTE D . BEREDO YO ATOVIEFARZHET %%,
3.1.2 ARZ7OI=ZX b+
FOdZAMNEZ Y ROV YESREEHEE LT TAMNZTAY AT /OB LGYFHY =)L

BREMNMELNTED, WINHERXTFTOA RBEEFD(Fig. 3-2)0 TARNITFAOVIFRADYH Y RT
HH. TATIVELBEEEREEASLEREERE. BETRMEEN. BERRHEE. BEEMLRE
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DREEEVTERINTWS, AT /AVRPY RAOXY VY OFEARTH D, FLWFY ROT 1E
BE&29VIUEERTOA4RTHD, TATILEDN, BERRHEMPESRGEDAREICAWN
5NTWVWS, V=)L, BARHBE EIZ MO VREBZED EIF 3 & Elc L < fEbh. HR
RBRILEYTHZIF RO OB ENHEITZ2EHEDTH B,
TANATOYORBERISHIZRERCRIZREZSISECTIVRAIDNSESEIE. ATOCRE
BEMHIE U CFERIRBERATHESE 2RI I ENEZVT ENS, AT O1 REERER LRV AR
PIAZZANBHEEINTERD, BEFRSNTHD YHACEFZEKRICEFIEIRY ST, 5
DOHEBHIBHFHEIND,

OH OH
-«CN

XF/Ayv V=

Fig. 3-2 7 ¥ KOS U SBIEEENER

3.1.3 AR7Z7Y#J=Xh

AR7yHZ IZXANZFEILTY ROV U REGEREE U TRIZBEARICAVLSNTVWS * AR
DEREEHISHIZREORE L ERICECEELTWR EEZSNTED ., BEENTKRAK AR
PYAIZZAMPEEIN. AT7AO4RERZHDORTOA RER KV RTO4 REETIERVWER
ZRDOIEATOA REDH DN E B ICEBRIDAINTWS, (Fig. 3-3)

V/OFOVEBIRATILY OIS/ VEBIAFILEATOAC REREH D7V IT=ZZ K
THD. VORI / VEFBET ATV, RIZBREDBRY Y ROT VDR S5 EZMWZDMRUSN
I LHMREBREL, 7Y ROTYORMENZ2@8EEHD I ENMSNTND,

ZILZIRP XY RRCEAILY IR OF, 27040 REREZSLRVWE—HEROMT7 VRN
O7 VETH 2, BIIBEICINS OEFIZRAWCRILEVEERSFIZERBAARE T TR 25IEXT L
TEOMEINAIETH D, BITETRIECIIGBEEDREPSA i'E < MUINRERINE EhNd5E
HED)ICHURS LWEEHH B, MILEVEEIMELU TITORENBH DD, fkikic & D EHIH R
NGB ENH D, DK SHREZEZBIEFHRIZRE (CRPC) &MU, MEELLE>TWS
758, 2014 EM S, CRPC IcUTHERAR AR 7Y 7 TZ XA MUHIE LTIV HILY S R, 7/0LY
SRELFOILY I ROEZERBIHEWE ¥ INSIEFINTEITOC RNEOTRT7 Y ROT VE]
TH b,
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o)
cl
By 7070y B OIS >
o)
o R y\NH 4 HO: Q0
CFSD/N\[% CFsD/N% CFg NTR\/S
! JORARS!
O,N O,N 0 NC o F
R=H: ZIL% =R XJLF IR (R)-EAILHY = R(BIC)

R=OH: e FOF Y TILF IR

CFs N AN \/\N\

o O NCN

IVHILZ IR FZIIWZ IR Oy IR
Fig. 3-3 EREREENTWB AR 7V T=X k

RIZBREIE. EudAtY Y —IcddE 2014 FILK T 2BEBHEDBHDAGITH D, SBEEDH
EMEBCEEFNTWD, INETIC. AR 7YY TR RNEENRD SNERKAMKR VO EBILEHD—
Bl% Fig. 3-4 ICRT o 7)1 2 RFEHETH 2 DMIP (& 1970 ERICHES N TH D BAS %
DFEEERTHD R-FPTH®ISOP-4 (CHEZERAR 7 VY I NEERTVDREEZRBH L2,

FRIRRILEY O—TETH 2 TRIAC PIEXT O NERKEETH 2 7L 7 = F LBH. AREN
ZRIZEBHREINTNS P RNESORBEICETNZIMBMEL AXNZ MO—)LIE AR D
ExEETZEHEND D ¥ RRYTHZ VLYD& OHOFERKICIE, ZE AR ICHT BT
TZRNEEDTBH SN TS *,
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O /N\ F
0]
=~
N F
(0]

F
DIMP R-FPTH ISOP-4
| HO_ __O OH
H
o] | N CFs HO N O
HOOC \©i \©/ O
| OH
OH
TRIAC P ETIN: LZRZ hO—Jb
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BERUV CEREMUL (Fig.4-3), BH. FITMRICEVWTILEY 4-1a (3 4-1b [N TEMEDER
ZENREINTWED, EXNEEENRKRICASNZZENS, B REOAFILEOEEZESD
THBREYMZT TV U,

o 3 Xﬁ§§OH
\’) 2 V

ey

Fig. 4-3 AR TER L7 = /F3 T 2/ —ILFEFEO—KRA & RERDEMR

DFHREHS Fig. 4-4 D(a)~(C)ICRUTze Fig. 4-4(a)ld AR, BER. CEROBRMEBDRRR D1k
BMADDFRETTH D, {LEY 4-1a 1& BRI 1 4-BIEETH 2. ZOEEDEWNICKDE
HREERFT 2726, B BRI 1,3-BifEEE € 2LAWEE R Uiz, ARICOWLWTIE, ALk
B, XYBBRRONFBEREZEHTZIEE U, CROE ROFVEE, 4-1a ERU/NTEBRE
IR, XYBBRAELERT DI L& Ul
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(a) (b) (©)

R /RX
R ! o) S
o .M A NI P MeO 'T'f:l
| _5-0-g OH | o< 2 NTNF OH
NN TS ey N ONF O i
R1_:/ H ).( X
@ Ri=H,Me R=Me, F, Cl, OMe, CF; etc.
R;{= OMe, NMe, OMe Ro=H,Me X=0, NMe
R2_ H Me X=CO,802 Y:CH N

F|g 4-4 ZKEE%T\ﬁj\?an-I- LU fc_{tAq:%@ﬁl_

Fig4-4(b)iE ARE BRDY Y H—HD7 I RigaZzER UL EYDHRETTH D, AMHED Y —
NMee¥chHdbaa1a & ARLBD DRy x>0y 22— 3> (Figé-2) s AREBEROD
YUY A—ETHDT7 I REENEARTER N TV RBTIEGRL, YRBEIYT7AX—Y 3V Zl5H
BEMNREIN T\, FIBMRE TR, FEKT I ROMEZICET 2ERMEREZT>THD.
RNV X7 =) REOFRBHRZMT I RiEEIF. MAFILETZZET, NIV RBNASY ROV T
AA=YIVICERT B EN DD >TVNE 7 RyFVIVI 1 L—Y 3 VOBRNELWESIE,
YUY A—EBOBEZAFIVFIRNICTZIIETYRBEIOV I AX—Ya YN REBEERD. BLE
HERIEEYNIEBOND T EEHRFLT,

Efe. PIREATRBL RIVRY TP IREEEZV Y A—ETBET, UBREBELNEILT &
EZL5N., MHBELEEEORERZASNETZIEMNT, UYH—ZRIRYFPIRNEULLE
MOERHITOZEEUTco RAIRY 7 I RBDIEEYMSH. NHE, N-AFIILBEOMmMAZERU T,

Fig. 4-4(c)id B REBEZZHL LBV DD FERETTH D, 1LEY 4-1a X B EEBICX FILEZ
BIDD. AFIEEZBATZZETLEY 4-1b KD HFENERL TWS Y, 22T, B REMR
BEOBETMHEEEORS D). AFILEUNOKL BBREZEALLENZERT %, BH.
Z DR, BEIFOBREBEEREEZRBELL THSITS

43 LEYDER

43.1 BEOMBEGHAFEDER (¥ —X(a))

FIHRODIC BIROBEIREEDEEROBEEERBEZRTT 57260, 4-2, 4-3 XV 44 ITRT &S
BEEE L DILEYEEUATOAXT—LATERT % 2 &%5HE Uz (Scheme 4-1),
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o OH
F o OH 0 OH o)
O 0, T = ey
O,N HO OH OpN HeN RT H
=
4-2

2!
OH
O LT O = QL e oy
ON F HO ON o H,N o R H
4-3
WOWGH
S @AN ) OH
R— H
>
4-4

QL+ = O
O,N F HO OH ON o OH HoN

Scheme 4-1 {t&9Ef 4-2. 4-3 XU 4-4 DEBEHE

L E¥PEE 4-2 (LI T D Scheme 4-2 [ > TEB U o 4-5 & 4-6 Z[REHCF Wz SWAr RIS I, #5
S—ZRAWTTo1c®, B5Nhic 47 0= FOEEFEAMZETU.

KIBRBIEHAIZAHILRYT —
bnﬁ_ 4-8 %ﬁH\I\T 4-2a~4-2f %AE‘ZL/t_o

O OH
O 0, OO e T
66 % 96%
4-5 4-7 4-8

{aN=s
7= 4 8 %1?7:_0

~

4-6
(1.5 eq)

o) OH \©/
O/ O + O)L
N X -
0-OMe (77%)

-2b m-OMe (54%)
4-2¢ p- OMe (77%)

i ; HN@”@OH OAOU

N OH  (cocy,
— > MeNT-
4-2d  oNMe, (71%)

|
NMe, CHyCl, NMe2
4-2e m-NMe,, (11%)
4-2f  p-NMe; (27%)

Scheme 4-2 1t&%) 4-2a~4-2f DERL

BWTILEYEE 4-3 RO 4-4 DERZITo> e, LEYEE 4-3 OERER &S 4-10a DER %
Scheme 4-2 @ 4-7 DEREREIC. LYILY /=)L 46 IC 3-7ILAOZ ARV EY 47 ENZT
niahofco Thid. mZ—bO7)ILAORYEUHFEH

DMSO Hii#h LU T/ & S5 & Lich 4-10a [
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EFERZBRRSICAAGEAETH DD EEZ. Xk 99) £#5ZIC K.CO; & DMF ZHWT
150 ‘Clcin#h L 24 BERIGZIT>fc& 2 2. B 4-10a 21825 2 &IF TEfehd. IEEAMEL, &l
HRPE U T bis K 4-11 B4R LTz (Scheme 4-3), 22T, {L&WEE 4-3 XU 4-4 DERKIE. E R
OFf />y, LYLY/—ILO—ADE ROFVEMNMRESI N, p Feld mRYIINAFI T/
—IIZRRIE L TRIBZITS 2 &l U,

e

4-9 4-6 4-10a 4-11
(1.0 eq)

Scheme 4-3 {t &% 4-10a DERK

CROE ROFIEN pBIRTH ZILEWE 4-3 DERDIZH, pAF IRV IIILT /=)L 412
E3-TNLAOZRARNYEY 49 ZRAWLRIGZT > Tc & 25, {LEYEE4-3 DERERRIE RS 413
T T0%DIETR/ D ENTE e, LAY 4-7(Scheme 4-2) DIFARTRIGICHENWT, /INTIT LA
REZAWEZE ZZRIGDETHED > e, 4-13 DIFALETTITIEIKEIL/NZ I I LAA—RV =B
Weo 85N 414 FRRETH - Iefcth, BRHET. TDFEXF I FMEZETL 4-3a. 4-3c. 4-3d
KO 4-3f #1587=(Scheme 4-4),

O o O, O = OUON
D'V'F OoN MeOH/THF
quant.
412 4-1 414

SO q_nyQO

4-14
0-OMe (42%)
4-3c p-OMe (71%)

OH
0 @ /Ej
HoN o

0]

0 OH

X

NN N 414 Ny o

LN N S L LS
Me2N+/ H

“"NMe, CH,Cl, “’NMe, THE

4-3d o-NMe, (32%)
4-3f p—NM62 (250/0)

Scheme 4-4 1{v&4) 4-3a, 3c, 3d XU 3f DERK
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Scheme 4-4 TRUTC 4-14 ZiRZTTETENZTIS> &, 414 Q7 I /EE T o /—)lteE kOF
VEDOWNANRIET B eDWENRHEDRLBWN(2E5~7T1 R)DTIERWNEEZ, INEOHLEZHS
U TERRREZ Scheme 4-5 DK SICEE LTz, Scheme 4-5 [CHEWV 4-13 DRV IV UREREZ KL
EFZMNAOEZTI/EANETLTA415E L ARZEALRRIC. XV YIREEZH L T4-3b
Kkt 4-3e #Bfc, COLSICREEZFEIT ST EROFVELAREULCRETAREZEAT S
RIGZTSZENTEScH. WELNELET DO TIEBVWHNEIFLLD, ZNRENOIYNEF, 57 %
RUO30%THD., 414 ZiRDAEEHUNTREDOH LIFRSNGN > T,

Cuso4 NaBH,

0B
OO 0
CIHN o
413 4-15

i) HCl 63 %

@ O d

THF/MeOH
57 %

Pyridine
90 %

©}—> ©* Welem @x @ o

4 15
NMe, CHCl, NMe, Me,N OH
THF/Pyndlne o O\ @/
39 % Pd(OH),-C, Hy ©)\H o
_—
THF/MeOH
30 % MeoN 4-3e

Scheme 4-5 1t&%) 4-3b XU 4-3e DERL

Scheme 4-4 XU Scheme 4-5 DIERNS. {LEYEE 4-4 DERLIE. Scheme 4-4 ERIRDE
ElEUfco mAFINRYINT /=)L 418 & 3-T)LAOZ ~OXRYE Y 4-9 DRIGIFUX
ETL. 419 M8 5N, B5NT2 419 ZFITL. 4-10b 57z, 4-10b (FBERET. ZD=F
bic& D ARZEAL., {LEYEE 4-4(a-f) =15 (Scheme 4-6),

M

N % i
/N Jl
fﬁrg r

1
-
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e 00, e O
DMF O,N Bn HoN o OH
4-19

MeOH/THF
80% quant. 4-10b

0
@ J@L g J@L J@L
—_— L
OM THF MeO
4-10b 0-OMe (64%)
4 4b m-OMe (65%)
4-4¢ p- OMe (35%)
1 o 2 12,
H,oN o
N 2 2.,
| (coci, [y © 4-10b /@\
\* —> Me N—
NM 2
e, CH,Cl, NMe, THE
4-4d o-NMe, (33%)
4-4e m-NMe, (36%)
4-4f p- NMe; (15%)

Scheme 4-6 {L&YIEf 4-4 DERL

RiC. BEDEBIREBEN 1, 3-BERDILEVICHE|ITZ BEXAFILEDMNBEMEKRICOWTHRTT B
. LUT D Fig.4-5 [CRI{LEY 4-20~4-24 DERKZETE U T,

4-2 4-22
4-24
Fig. 4-5 GEFRtEY 4-20~4-24 DIEE
4-20. 4-21 R0 4-22 DERIZLLT® Scheme 4-7 I > TiTo oo 4-26 XU 4-29 DA RN IEBIED
TIHRANRALEY) 4-13. 4-19 E[FEKRIC. DMF ZBAEICEWTINAER T CRIGZ T eh BIERYH

% BINETH > fco F T T4-32 DEFTIE DMF O DI N-XF)LEO Y K> (NMP) % 558 (< F

Weht, NRDHREEHASNED >Tc. BE5NT 4-26. 4-29 KU 4-32 (FVETH . TDOFFE
RISZEHEDH T 4-20. 4-21 R 4-22 %51,
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Ry Rs OBn  K,CO, Ry Ra OBN py(OH),-C / Hy
+ — —
F o DMF o NMP o MeOH/THF

Ry R,
4-25, 4-28, 4-31 85 4-26, 4-29, 4-32
(10%, 10%, 10%)
R R OH
Ri Rs OH o) o I:r
H2N (6] MeO H R
R - s MeO s
THF
4-27, 4-30, 4-33 4-20, 4-21, 4-22
S (62%, 68%, 47%)

(84%., 92%, 84%)

. R1=Me, R2=H, R3=H
. R1=H, R2=H, R3=Me

4-25, 4-26, 4-27, 4-20
4-28, 4-29, 4-30, 4-21  : Ry=H, R,=Me, Ry=H
3 2, 4-33, 4-22

Scheme 4-7 1t&% 4-20~4-22 DERL

I TICBAR T & ST 4-20~4-22 DEFL(Scheme 4-7)Tld. BEBE CEBOEERIGODIEIEL |

m7IAOARYEVICAFIVEOBB U= N OZILAOQRNILIVEERY YL AT T/ —ILOD
RIGIERETH S ENFEEI Nz, 2T, Scheme 4-8 ® A TRIAETIToTWe BEEC

BORARIGE B OSECEBTZEEERL ™ ,

OMe OMe
v DL O DT
O,N X  HO O,N o)
OMe OMe
s L0 — O
HoN oH X HoN el
Scheme 4-8 BEBECEBDODAYIYVIAE

4-36 KU 4-40 ODER%Z Scheme 4-8 D B DAETITofc& 23, RIDIEHERER S ETULIED T,

ZFDEEERET I HT 4-23 XU 4-24 =157 (Scheme 4-9)
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@[ COClI
N NaH, BnCl N HoN MeO O
o 5 [ e A=,

|
PICO|InIC acid pyrldlne

4-34: p-OH 4-35: p-OBn 96% 4-
4-38: m-OH 4-39: m-OBn 94% DMSO 4-

-OBn 67%
-OBn 60%

N
o9
39

Me O— H
4-37: p-OBn, 0-OMe  quant. 4-23 : p-OH, 0-OMe 70%
4-41: m-OBn, p-OMe 66% 4-24 : m-OH, p-OMe quant.

Scheme 4-9 {t&%) 4-23 XU 4-24 DERL

432 XFITFIRFEBEK RIRYT7 I RFEFDER (Y —X (b))
ARETIEARE BROY Y H—BEDRECERNT 27, UV NW—BOBEEAFILT IR

LIt BDERZTT>Tce Rlcw VY D—BOBEZ ARV 7 I RICUIbtEREEDETER
U, RIRY 7 2 RBEOEEYIE. NHE N-XFIILBOWGZE/M LT, (Fig.4-6)

fjow @O ﬁjo HNQO

OMe OMe
4-42 4-43 a:m-OMe 4-44 R=H a: m-OMe 4-46
b :p-OMe b : p-OMe
4-45 R=Me a: m-OMe
b: p-OMe

Fig. 4-6 AKBEEIEY 4-42~4-46

tEY 4-1a D MXFIVEEERTHDLEY4-40 13, CEE NOFIVEORYVVIVREEZER LU
FFAREZHEAUL. PINEEEZEXFIVEL TH SBREBICRERZIRET 2 HETEREZITVL. EE
&< BB EMNTER(Scheme 4-10),
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O

Me
£ |) CuSO,4, NaBH,
o0, ﬁj T, e Sl
O.N OBn DMSO OBn 949 CIH3N OBn pyrldlne
4-47

65%
4-12 ’ 4-48 4-49 86%

Me
Jij )
CHgl, NaH O d(OH),-C, H \©
2
\©OBn osn TIOMT D M.y OH

86%

THF .C
Q)L (30%) 0
OMe 4-50

OMe OMe
4-51 4-42

Scheme 4-10 1b&Y) 4-42 DERK

BIRDBEREED 1,3-BIRED X FIL7 I RFEEIK (4-43a. 44b) ([CD W TIL, 4-43a |F 415 1V 5,
4-43b (F 4-16 ZHWTARZITV., NERLLEFESZENTER(Scheme 4-11),

pyrldme
4-16
4-15 4-53 76%
@ o @ o
>-C, H2
O —»
| Z OMe = oMe
- 4-43a quant
452 8% 4-16, 4-52, 4-43a: m-OMe
4-54 1% 4-43b quant 4-53, 4-54, 4-43b : p-OMe

Scheme 4-11 {t&Y) 4-43a XU 44b DERL

ZIVIRY 7 2 REFEESE (4-44~4-46) (F. Scheme 4-10 TER U 449 EXRNFIRVEVR
JLRZILoAaY REBWTER%ZI{T>72(Scheme 4-12), 7z, {tEY 4-13 A\, BIROBEIKES
N 1.3-BDORILRV 7 I REEE 4-46 DAL (Scheme 4-13), NS5 DIEEYIEVWINEIER
HHEL. 4-44, 4-45 BHERZ/D I EDHRBN S e,
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Me
o
O OBn OBn CN
Me OMe HN N OH
o — a8 CHgl NaH =5 PAOHC He (128~
pyridine O @ OMe —_— 0 \O OMe THE O || —oMme
CIHzN OBn F P

4-49 4-55 94% 4-56  94% 4-45a 97%
4-57  98% 4-58  83% 4-45b  92%

Me
Pd(OH),-C, H, ©O©
THF Hy oH
023X
O || —oMme
Z

4-55, 4-56, 4-44a, 4-45a : m-OMe
4-44a quant 4-57, 4-58, 4-44

44
4-4ab 90% b, 4-45b : p-OMe

Scheme 4-12 {t&%) 4-44(a, b) % U 4-45(a, b) D&

o OBn OH
0B MOy /©\ O/
n
i) CuSO,, NaBH, Uo
O.N o

054 Pd(OH),-C, H Ot”}‘

T encn G =8
2 CH,Cl, 3! pyridine e} AcOEt o)
77% 68% 55%

OMe OMe
4-13 4-59 4-60 4-46

Scheme 4-13 bt &%) 4-46 DERY

433 BELICEXDEBHBEZL DEMDER (YU —X(c))

BIREBREOEEEMHEEZRTNT 570, tEW4-1a tRAUERER L. BREBEOEEXY
BRUEBEDOERRZFEFEDERZEE U . BRAFILEBIREKDISS. FE(4-1b), —BiE(4-1a).
ZERTIE. —BATH S 4a i REFEIEV ENETHRICLDESHNICINTWVNS ¥, &
T AMRICEVWTHBIBRBDEWNIC L 2EEEEEREZRET 5o, BA O—BIREICNZ T,
—BRAOEHRBEE U, BRBEILEYDOEEIF Fig.4-7 ITRU T,
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@

46
462
464
4-65

£y

[~

(%]
VIOV

TN
[e]eleluk<
5

F
F]ijo
i L
Meo\©)k N OH
H

4-73

I

MeOOiN@°©OH

4-66 :
4-67 :
4-68 :
4-69 :
4-70 :

PEERT
QWwoOom
Z-‘(:l'l_

Fig. 4-7 &EFRtEY 4-51~4-74 DIBE

FRHC p-= bA7)ILAOXRYEV$E (4-77, 80,76, 85,88 XU 91) ZFW, BEZIMAT oYY
WAFY T/ —)(412) & S\Ar RIbZE1T> oo [REL4-76 FAFTERD STcfcdd, 475 DE RO
FUEENYIIALU TAHW, BEICIFKEBIEF NI DLKBREHY D LAZA W,

BEWTKEAL/NZ VD LA —Ry ZfiE e U TEMKRIERIGETVD. ZhAEDY I /EADE
TERY VIREEORBZ R ICIT> oo BONTCERMIIRRE CREFPICEIELINPIL. ¥
UNTIVICIRES 21D, Y UATIVAS LPEIESEREDRBEIZITEDT. NMR & D EEZHER
HICIEMIELTZVAILEMZATT 2 RMbziT\. BRbENZET. B&. LEaY 4-92 O
KRR TRIEERADRIERYH E U BB RAD > efc ., BIEFY & 4-93 DEEYDIET
I NMERBZETT > fcZICBR U T 4-71 2187z, (Scheme 4-14)
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4-77, 4-78, 4-79, 4-61 : X=Me, Y=Y'=H
4-80, 4-81, 4-82 - X=OMe, Y=Y'=H
HO F NaH. BnCl. Nal BnO F 4-76, 4-83 : X=0Bn, Y=Y'=H
) ) - 4-84, 4-65 : X=0OH, Y=Y'=H
4-85, 4-86, 4-87, 4-66 : X=H, Y=F, Y'=H
O:N THF O2N 4-88, 4-89, 4-90, 4-69 : X=H.Y=CF, Y'=H
4-91, 4-92, 4-93, 4-71 : X=H, Y=Y'=F
4-75 4-76
IO 0L, e OO0, e
OBn NaOH DMSO O,N MeOH THF
|| K2CO3,DMF

4-77, 4-80, 4-76, 4-85, 4-88, 4-91

Y
HoN Y OH

4-79, 4-82, 4-84, 4-87, 4-90, 4-93
(quant.,quant.,quant.,67%, 86%, -)

4-12
(46%, 59%, 58%, 19%, 80%, 13 %)

i X I 0
gt L OO0
> MeO N y OH
H

THF

4-61, 4-64, 4-65, 4-66, 4-69, 4-71

Scheme 4-14 {t&%Y) 4-61,4-64,4-65, 4-66, 4-69 X 1\ 4-71 DERK

4-78, 4-81, 4-83, 4-86, 4-89, 4-92

(79%, 81%, 62%, 80%, quant, 12% from 4-92)

Ffc. 473 OERZETS S, Bl LT2-2700-3-XF)L-b-=ZhOY IV (4-94)ZFHWNT
Scheme 4-14 L ERDOEET SWAr RIBZE TS e hMBINETH > feo T2 TUEEAE NaH ICEFE L.

ERTCRIGZEITo & ZBIPENN81%
1T\, 4-73 287z, (Scheme 4-15)

/i/\( \©\ b/ Pd(OH),-C, H2
O.N l DMF \©\ MeOH THF
oy 1 (quant)
0 Me
Mec’@)Lm o /E/\(o
T eo\©/lu 2N : “OH
82% 4-73

Scheme 4-15 {t &%) 4-73 DERY
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IERBEHREEZ LD 4-97 DEBD 2T Scheme 4-15 EA U EMHET SWAr RIBZE (T - o g ITiERDE
TTRIGZ{ToehS. B 4-99 (FBE SN >Tce ERYIEH T LATHOBTEITHRRT E T ENHFE
Bhofeh 4100 ZELERDOERYNE U cH D EE X f=(Scheme 4-16),

Cl Cl

HO
/©/F + \©\ Bise /©/O\©\ o /©/ \©\
DMSO
OuN OBn ON oBn MeOH THF

80% 2
4-97 4-12 4-98 \
9 OCL
LN OH
4-100

Scheme 4-16 {t&%) 4-98 DE KR UHNETT
F T, EMKRICRIGOMEZ /NS YV ARRICEZTCZ NOEDETLEEZES, /\OT VD

EBITMNEDRIICRBZEILEL,. BEYMDOERET7 I NMERIGZIT > TARZEAUVU THSEEET 2 AE
[CEE LT 4-67 =187 (Scheme 4-17)

Cl

4-100

Cl
(o] 0]
MeO
- o MeOO)LN OH \©/U\H OH
H
THF

4-67 4-101
42% from 4-98

Scheme 4-17 {b&Y) 4-67 DERL

HOWTEROBERABORKES 4-63 RURRKEBREZHD 4-68 DEMZIT > fco EAIKRILRD
F Z NOEDRETTIFRPMNCETT 2—H ARV VI REEDREEIC IFREZET %, Scheme 4-17
OAFER. N\OT Y ORTHIEDRIICRIDZEILET 526, RRDE>IcRETRIDZELET S &
ICIRD, BONDERMIEHICKRDZ, 22T RUVIREEZBLAW 4102 D= NOEDRETT
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ZI52 & D BRYDINENHNS EEZ e,

4-104 1357126 SWAr RIGDERID p-RX> I AFY T /—)l2 ROF /> (4-103)ICE X T
RIGZ{T>Tc& 25, BRI 4-104 DM EIAEA) 4-106 NEU A WS ATOREMNFEETH >
foo 5N 4104 ZEALDRTUcE 2. EREDORISTHREEHIFZS BN > eh’. 4-106 DUSHC
4-100 & BN BEFYINEUTco ZDERBETRIDBBRIERG WD, BEVD T I MERIE
kD ARZEARICHEEL TENYIOD 4-63 =151 RARDAET 4-68 HERL U fco (Scheme 4-18)

fj@ o Ij@ fj@ Q

4-102 4-103 4-104 (35%) 4-105
4-107 4-108 (53%) 4-109
o
Pd-C, H2
IORG!
4-108 MGOH :©/ \©\ HoN OH

4-106 4-100
4-110 (43%)

Y
(0]
oyt ST+ L 1 CL
MeO
MeO N OH \©)J\H OH
THF H

4-63  (14% from 4-104) 4-101
4-68 (74%% from 4-110)

4-102, 4-104, 4-105, 4-106, 4-63 : X=Cl, Y=H
4-107, 4-108, 4-109, 4-110, 4-68 : X=H, Y=Br

Scheme 4-18 t&%) 4-63 1" 4-68 DS

TP/ EBEEEHDALT0 ZFBEHIC 4-113 DEBERMAco Xk 102)25ZE ICIBLEk. BRI
ERSYVEBWT 41120 NAEDETZ T o> eh. RIGIETET LD - 7z(Scheme 4-19),

CN CN

FeCI3 6H20 C
F +H° _NaOH H2NNH2 H,0 o
OaN O MeOH HoN OH
4-111 4-103 4-112 4-113
(1.2eq)

Scheme 4-19 {t&Y) 4-112 DETRIG

62



ZZ T ERNEHEEZ. KRURVERF M)V LAROHRBIAZAWTT>cE I3 4113 K155
NeDT, 7 NMERISZITWAT0 ZEH UTce U AT VAT LATIERIEBRIDED BRIFIEH - 1o
DT, WHRDT7 Sy aVAXKNI T 74— ZFAWTERZT>c&E T3, 470 ZEET I &N
TZ = (Scheme 4-20),

CN
e} CuSO,5H,0
O, & &L
—>
O,N OH CH20|2 MeOH 1 N
4-112 (81%) 4-113 (39 %)

Scheme 4-20 1t&%Y) 4-70 DERK

“ODBRREBEZTEI B 472 DEHD. 470 DEREFRKRDAETIT o lco BITRDICEWTHE
ERBOEIERIDEU D, BEVOXXT I MERIGZIT o fcRIC 4-72 ZEEEL e, (Scheme
4-21)

cl cl
CuSO,+5H;0
F HO 4’5t
/©i + \©\ NaOH /@i \©\ NaBH4 /@[OO\
“DmMso H,Cl,, MeOH
O,N cl OuN CHzClo, MeOH | 1 N cl OH

46%
4-114 4-103
(1.2 eq)

cl
0 o)
MeO
— 2 . N cl OH
H
THF

4-72  14% from 4-115

4-115 4-116

Scheme 4-21 {t&EY) 4-72 DERL

4-62 DEMZITD e, 4-66 DEMERERIC, KEERILTF MUV LAZEREE L THWT S\Ar Rtz
Tofce 3. 4119 [FRMEULNESNT. 4-118 L BONZLEWHH 30%DIETE SN,
T BELBERVORIGEEZZEL CRIGZIToIcE T 5. 4119 & 4-120 DEEYHE SN
Too TNSOEMEH T LICLZBEETERICHBT 2T ENERBM > o —HDOEEFDE
ahE<. FIEBE—(tEUHISBZ2 T30 3y (Fr ARUFr.B) 248921822 &A R,

FrrAROFr.B® 'HNMR BIEZ{To7c& 3. 4119 D Ha £/cld 4-120 O Hb (Fig.4-8) IIRE
InNZE—IUNEREISh. ZhEPNOE—o0hy 7YV IERJ E)iF 9.6,2.7,1.4Hz KT 9.3,
6.9, 27Hz THofco Ha. Hb EHICTOMYEAINROAX T HY FU VT T ZH. 4119 D Ha
FT7YRENTAYTIYT 4120 DHb EAI KN AY TV VT FTBEEZSND, FLIFERLICI
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BDOS5ET7vEEOHY ) VIICHFKT S JEIE 1.4H KTV 69Hz THH. ZDEISFRZENL
VEREDINTHY IV T, AIWNAYTYVTICHEKT D EEZ THEESR 4-119 K1 4-120 &7

BU. FrrARUOFrBO&E 77y avicegiEnTtwditeayzrmE LT,

H
F O\@\ F O\©\
O,N Ha OBn Hb NO, OBn
H H
4-119 4-120

Fig. 4-8 {t&% 4-119 X U 4-120 DEiE

{LEY 4-119 & 4-120 [EDBENREE TH D, KEOHIEEYME L TE SN, T TREAYDEF
FI/MEROTZIREICED A BOBAZTV., BRBICHTALAICLZBEEZT>T 4-62 XUV

=
4-123 # ZNZFNEEE L f=(Scheme 4-22), #NZFNnoEElId. BERHTAWE: 4-119 XU 4-120 DL
=

#2Z(C, NMRICEKDEEL .

E E HO NaOH
O,N OB

4-117 4-12 4-118
(1.0 eq)
K2COs Pd(OH)z C, H,
DMF
MeOH
4-119 4-120
F
o
MeO@lCI U \©\ + MeO N/©/
MeO
oo, i
OH
4121 4-122 4-62 4-123
(13 % from 4-117) (8.3 % from 4-117)

Scheme 4-22 {b&Y) 4-62 DERL

4-73 HEIFRIC, 4-125 & 4-126 DD BED\REETH > =D TOEEVD X ERIGZ TV 4-73 21571,
4-129 [FRIMETH o fcfedh. BEEERIFITOEM >/ (Scheme 4-23)
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F F F
F F HO K,COs F @) F o
+ T +
DMF
O.N OBn O,N OBn NO, OBn

4-124 4-12 4-125 4-126
(1.0 eq)
O
Pd(OH),-C, H2 “
4125 + 4-126 \©\ \©\ —>
MeOH
4-127 4-128
F F
F 0 o
(0] \©\ Me0\©)LN =
eO + H
N OH
oh L
OH
4-73 4-129

(3.9 % from 4-124)

Scheme 4-23 {t &%) 4-73 DERY

INFTTICERULLEMIINTBIRE CROBEWBI T —TILIEETH > eh. COHEEE%Z

MAFIVF I /EICBEZ LAY 4-134 HLUT D Scheme 4-24 [cfEWEE LT ',

I\Ille
N
DMFON O,N OBn

83%

4-5 4-130 4-131 4-132
(o]
—>
THF, MeOH
4-133 4-134

8% from 4-132

Scheme 4-24 {t&%) 4-134 DEBK
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4.4 BREUEEYOBEEEREE

441 BFAERARICNTSZ7 IR NEME

B LIt EY) 4-2~4-4, 4-20~4-24. 4-41~4-45, 4-61~4-65. 4-123 XU\ 4-134 DEFAEH AR
ICHT 27 TR NEEZTHET B7/26IC. FIETHAWZ SC-3 il BWTRKRDAETELE
HBZIT o/, BR%Z Fig.4-9 15 Fig4-13 ICR T,

£9. tEY 4-2~4-4, 4-20~4-24 (') —X(a)) RV 4-41~4-45 (VY —X(b) ICDWTENE
REBE TSR (Fig.4-9~4-12) 1 5. YU —X(a) R V(b)) TERK USEERERZ 1T > b &I I,
B THIgEIEZ (B8 T 27 T2 A NEEZ H 2B DAL, 10uM TIHHRAEIE% NH T 2 @R
BN, £l 433 BTARUT 4-61~4-65. 4-123 K1 4-134 (U —X(c)) IE2WTHH
JRCHIRBIETE A (BT 2 7 T A MEUEE DB DIER< . BEE THIEEIE% T 2EEH R
s5hiz (Fig. 4-13), A TH. 4-66, 4-67. 4-69 XU 4-71 DL 57 BIRD 2UICEBIREZ H D1t
BYICZ DERHE L BH SN,

@

relative cell number
~

00.1 uM
Otum
BiouM
0 T T T
DMSO DHT 4-1a 4-2a 4-2b 4-2c 4-2d 4-2e 4-2f 4-3a 4-3b 4-3c 4-3d 4-3e 4-3f 4-4a 4-4d 4-4e
1nM

OH

Me
ﬁtgjj
O

dihydrotestosterone (DHT)

OH
SOROEPU SN R O QL
X
o @)J\” R@)\H o R:_O)LH o) OH
- T Z
Z Z

4-4 (a,d, e)

Me
o
T
Q)L N OH
H
OMe 41a

4-2 (a-f) 4-3 (a-f)

R= a:o0-Me, b: m-OMe, c: p- OMe
d: 0-NMe,, e : m-NMe,, f: p- NMe,

Fig. 4-9 {t5Y 4-2—~4-4 © ARJEMEFHME  (SC-3 #lfg. {EEYEIR)
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relative cell number

2.5 A

1.5 1

0.5 A

DMSO DHT  4-23

Relative Cell number

Rerative Cell number

10nM
1nM
0.1nM

L OO 1 Q0D
N o
L s asas
OMe MeO
4-23 4-24
Me
o OH
- O WL OO
100nM Me\N OH N o
O1um o N
(] o | —OMe
10uMm P
OMe 4-42 4-43a : m- OMe

4-43b : p- OMe

424 4-42 4-43b 4-43a

Fig. 4-10 L&Y% 4-23, 4-24, 4-42 X U 4-43 O AR EMERE  (SC-3 . {t&¥EH)

5 Me
jog
. LGt
R
N OH
3 .S
100nM “n S
0100n| oO \GOMe
2 ol1uM =
@10uM
14 4-44a : R=H, m-OMe
4-44b : R=H, p-OMe
4-45a : R=Me, m-OMe
T T 4-45b : R=Me, p-OMe
DMSO DHT 4-1a 4-44a 4-44b 4-45b 4-45a
10nM
1nM
0.1nM
Fig. 4-11 1{b&4Y) 4-44 RO 4-45 O AREMFHA  (SC-3 #ifE. {t&1EIR)
4 -
35 1
0100nM
3 O1ium
2.5 4 B10uM OH
. ION S
HN (@]
1.5 S
(o)
14 (e]
0.5 - H OMe
0
DMSO DHT 4-46 4-46
10nM
1 nM
0.1nM

Fig. 4-12 {t5%) 4-46 D AR EIEFHE  (SC-3 #ifd. {L&¥ER)
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Rerative Cell number

10nM
1nM
0.1nM

6 4
-
25
£
S
Z4
]
o
o 3
2
s
824
7}
-3
1
0-
DMSO DHT 4-70 4-73 4-64
10nM
1inM
0.1nM

DMSO DHT 4-66 4-61

IS

Me OH
O
2 1, 0 C
Meo\©)LN OH
H
(¢}

DHT

L
OH

=
(0]
o
; o
Iz
O

4-66 :
4-67 :
4-68 :
4-69 :
4-70 :

=
w

PERET
Owoom
b

MeO

Iz

4-74

Fig. 4-13 {t&%) 4-61~4-74, 4-123 % 1" 4-134 D AR SEMEHE

4-1a

R
t o}
o] \[ j
Me0\©/u\N R OH
H

4-71 : R=F
4-72 : R=Cl

oYL

4-123

OH

68

35 4
0100nM N 0100nM
[=EY] 8 34 01um
@10puM £ 25 =10uM

<
S 2
43
2 15
=]
o
g 1
05
4-67 463 0
DMSO DHT 4-69 4-68 4-123 4-62 4-71
10nM
1nM
0.1nM
5 -
0100nM 451 T 010nM
0100nM
O1uM 4 1
o1pM
@ 10uM L 35
] B10uM
-1 34
£
3 254
c
R
15 4
g
-
T
{wlf] i [TH
0 . . . . .
4-74  4-72 DMSO DHT 4-1a 4-65 4-134

R o

&

<
@
(]

OH

>

-61 : R=Me
-62 : R=F
-63 : R=Cl
-64 : R=OMe
-65 : R=OH

=
[
o]

;o :=O
E NI NF ¥ NI -

OH

&

4-73

I\l/Ie
N
WORON
Q)LN OH
H
OMe

4-134

(SC-3 #ifa. {LE¥Em)



442 BHAERARICNTZT7VY TR NEHE

e\ T SC-3 iz = B\ T DHT(InM)£FO XA TEMSHE (7> ¥ T= X MEESER) 21757,
fER%E Fig. 4-14~Fig. 4-19 [CRT, FIEERBROBENSZNZNOLEYD ICo% S E O,
Table 4-1 lcEx & T,

FUBHICY ) —X(@DItEMEBWTCEERRZT> e (Fig. 4-14, 15), BEROBEEEIMLE
¥ a-1a ERIC K 14-BBRT CROBRENMEY 4-1a EFEARD me ROFVEZFHDOILEME
4-2 TiE, I ARD mEBBEDILEYICHVVEEDRO SNBMERAD G >fce LML, WThh1k
EYMEHILEY 4-1a ICHRNTEREIEEEL. CRIEmEROFVELDS pe ROFVENLVWEEZ
fco

BEN 1,3-BME DL AYE4-3 X1 4-4) 3. CEN pb ROFVED(LEYEE 43 DESII AR
N oBREAKRY o BRADEEYICEWT VY T A NEENRH SN, CEA mEeE ROFVED
LEYEOFTIE. ARD mBIRERV—ID pBIRMEDLEYITEENRS SNz, UM L. L
EEZETRTEEYIRE L. BIROBREER 1 4-BRAENEL TWBEEZ SN S,

BE&A 1,3-BIE O EMEE(4-3 KU 4-4)EVWThHEWEEEZRL AN BEL 1 4-BHREO(L
BYIMEEY 4-1a & 4-1b DIEHEDEEN S BIR EDX FILEMNEEICEEZRIFL TWS ERES
NTHEDH P BRECXFILEZBRT S LT, AKICEWEEZFOILEYZR/ SN2 AREED
HBEEZ I

L BB 4-3 DEMRROERN S, ABIE p-X ¥ VBIEFEZBEL. (LAY 4-20~4-24 25
USEMRRZT e, WThotEMEEEETH D (Fig4-15). B RO 1 4-BREOERESH
Py IZANEEZRETDDICEETH D it LT
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4 0 .l - Tt
T 1 a . e I 1 . I I T .
™ T
5 ot
K-}
g 0100nM
§ ) O1uMm
g B10uM
5
©
1 H |
0 } } } ! s L L s e s s L L s e R L
DMSO DHT HF 4-1a 4-2a 4-2b 4-2c 4-2d 4-2e 4-2f 4-3a 4-3b 4-3c 4-3d 4-3e 4-3f 4-4a 4-4d 4-de
1nM L )
+ DHT 1nM
4.5
2
is 11
1 T
— 3 7
Q
Qo
g 25 010 M
g . 0100nM
3 1M
2 157 ®10pM
T g -
Q
4
05
0 .
DMSO DHTInM DHT  HF  44c  4-4b
+DHT TnM
M
Me OH " Me e o
CFs N o)
Me eOH
o¢ N OH
O,N H
(0]
. OMe 4-1a
dihydrotestosterone (DHT) hydroxyflutamide (HF)
OH
I ’©/ O\©/OH I /©\ /©/ i /@\ /@\
S N X N (e} S
R H R H R N ° OH
P = =
4-2 (a-f) 4-3 (a-f) 4-4 (a-e)

R= a:o-Me, b: m-OMe, c: p- OMe
d: 0-NMe,, e : m-NMe,, f: p- NMe,

Fig. 4-14 {t&Y 4-2~4-4 O AR EMEFHE  (SC-3#ifg. 1nM DHT #£#&EFT)

70



Relative cell number

»
[l

IS
L

w
n
s

w
L

N
e
s

N
L

=
w«
L

-

o
[0

o

L i 35 1
T 31
- e
O1onM 8 25 I
£
B 2, 010nM
B1uM 3
io0uM g 13
&
] 5
S m10pM
] 05
T T T 0 T T

DMSO DHTInM  DHT HF 420 421 422 DMSO  DHT HF 423 424
[ J 1
0.1nM nM I
o +DHT 1nM +DHT 1nM
10nM
Me OH OH Me OH
OO s OO e O
N (@] N (o] N
/@AH /@AH Me /@AH °
MeO MeO MeO
4-20 4-21 4-22

Me OH Me
2 JOLO 2 JOL L
OMe MeO
4-23 4-24
Fig. 4-15 1{b&%) 4-23,4-24,4-42 X U 4-43 D AR GEMERE (SC-3 fifg. 1nM DHT H7%EFTF)

RiZ, =X (b)DIkEY 4-42~4-46 ZAWTFZ VY T A NEERBRZTL. AREBRDY
VA—EEIC K BIBEFEEREZRET Uce 41a 7 MXFIE LT 4-42 13 MXFILET BT & Tl
SEHICBNRBY AV T7AX—vaveeh, BWEEZRI I EZBFLTERLED. BRE
ThIMCHEBHEZIHET 2DHTH ol £fe. B ROBIZEEN 1,3-BREADLNTPPEL
SEMEZERUT 4-3¢ R 4-3c D ABRBA NFVEONBREARTH S 4-3b D M-X F)LILFEER 4-43b
KU 4-43a FE<EREERS T MAFIVLIFEEZET S22 e Ranic (Fig. 4-16). Kv
FUIVIaL—Y a3 YDERFig. 4-2) Tl N-H DA D ITIXZEERBNN DR XA FILIEDLEF
BSNBWABEENH DD TIEHEVNEEZ TS,

5. U h—EBEZ XILIKY 7 I REUTLEY) 4-44a. 4-44b U 4-46 (3B WVELZ RS
Molee BE. ARV TZIRIEEWTH MAFIUEE 4-45b 1FFEAEFEEZRST. 73 RS
Bk, MAFILEICEDEEMET T2 ENTEE NI, 4-45a ICDWVWTIE, SEETHEEEDL
RHsni(Fig. 4-17. 18).
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~ w
bow i

IN)

relative cell number

relative cell number

- o N

.
Me
| 0100nM Me. \©\ Me.
’ B1m N OH N (0]
1 m10uM o o A
—OMe
H O O
. . OMe 4-42 4-43a : m- OMe
DMSO DHT 1nM  HF 4-42 4-43a 4-43b 4-43b : p- OMe

| J
+DHT 1nM

Fig. 4-16 {t&%) 4-42 XU 4-43 O AR SEMERH (SC-3 #Ed. 1nM DHT £%FTF)

010 nM Me

0100nM (0]
1
oM R. \©\
N oH

m10puM

] .S
o°n A
H o \Gome
1 P>

DMSO DHT HF  4-la 4-44a 4-44b 4-45b 4-45a

1nM l | 4-44Ia) : R=H, m-OMe
4-44b : R=H, p-OMe
+DHT 1nM 4-45a : R=Me, m-OMe

4-45b : R=Me, p-OMe

Fig. 4-17 {b&%) 4-44 XU 4-45 O AR SEMERH (SC-3 #Ed. 1nM DHT £%&FTF)

4.5 7

35 1 OH
. 0T
O 10nM HN 0
)
S

25 1 0100nM

0*%n
1 B1pm (o]
15 H10pM

OMe

1
05 H 4-46

0 T T

DMSO DHT1nM  HF+ 4-46 +
DHT1nM DHT1nM

Relative cell number
N

Fig. 4-18 {t&¥Y) 4-46 O AR JHEIEEHE (SC-3 #Hf2. 1TnM DHT H#FT)
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V=X @RV (D) DFEERBOERNS B ROBEHEEIF 1 4-BRETHZIIETFTYYI=ZZN
EUERRICEETHD. AREBEROY VY A—EEIRT I RORET MAFILUET 2 EFEMET T
% Cigam U e,

BE, TZIKEFT—=FIFRUTWEWS, IRV 7 I REIE AR PV ¥ T NEEIFEVWD D
O, ABUEAZRART 7 U—ICBT 27O RATAOYEREPR)ICK U TIEEEL S WMERHFR
Shfcfeéh. PR7ZY Y T_Z MIRADERMNEEFTES '™,

REICY ) —X(c)DILEY® DHT(InM)REFEDOFHTESETME (7> T=X MNEERR) =17
7z (Fig. 4-19, Table 4-1), 4-1a D BER2M DX FILEE 7 v&K, BRICBBRU{LEY 4-66 RV
4-67 |$ 4-1a ERIZFDFEELNRO SN, UL, BR. MU Z)LAOXFIL. Z MY JILICBHLU (b
&) 4-68. 4-69 XU 4-70 (FEFMETH D, BIRAEY I VIRDILEY) 4-74 [FTFEEDRD Sgh -
fco

INSOEBEDAKESZRINRNG/INTA—FY —THBIIARTF(Taft)Es (F. H ZEE L LT,
XFIVE -1.24, MY TZIAOXFILE -240, 7 vk -046. 8% -097. 2% -1.16 TH3 ',
NUZILAOQXAFIERIAFILEEERNTEENY A IDNRENT &, /\OT YBERIEEMICEWT,
ZEENY A XOKEVWRRBREITEED RO SNiah>fcZ &5, B ROBBREFZEHENAY A
ZHSEEICKEZERFEZRIFLTVWDEEZSNZD, ESTEDEWAFILEERRDFENKRELE
BBIENS, BEFNEGNRGEDEELRZEVNEB DN,

e, BRRMUBOREAZZ1LEY 4-61~4-65 (BIR 3 ICBMEEZE T 21LEY) ICDODVWTHREL
e AT vREET 2 4-62 ZREZFUENFIEA RO SN > T,

UEDIERMS, BER 2 i1 XD/NSWEBIRE (Me, F. Cl) 2H9 38U BEWVEEZTR
ER< =T 19

BWTIT o ILIBR O ZEBHMA (4-72) RU'7 v RO B 2 B (4-71 RO 4-73) DSEMEHER DR
R. 41a P77 VR —ERAE(4-66) L ENTHFHWEENRD SN, B IROBBMELNAFILEDILE
Y. ZBEREDENN—BIREICHNTENI ENRES N TWEHA ¥ 7vRBE 1EXEHR
*TIE. BROBREZEI2EEYPOANBNT VY T XA NEEZRD I ENRI NI,

BH. BRICBHREZFILIRWMEEY 4134 BHBNEWEEZBL WS Z NS, BRECE
DY YH—EBRTHFEMEFEEIN. SV YA—BRANDAFIVERIZ, EEHFERIC BE3A
DEMECELUCMRERET 2NN S D EEZ TV,
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o

45
45 -
4 4
- b 1
G 35 8
€ . £ 35 1
S 2 34
c c
= 25 = 010nM
= o1onm 3 25 1
g, 0100nM
o 0100nM o 9
2 2 @ 10pM
s 15 @M ® 4
® 815 Y]
g g m10uM e .
05 05
] 04
DMSO  DHT ~ HF  4-61 4-66 4-67 4-63 DMSO DHT HF  4-69 4-68 4-123 4-62 4-71
1nM l J 1nM l J
+DHT 1nM DHT 1
45 5]
. 45 -
4
E 35 5
35 -
E 3 £
c 3 3
=25 010nM 3 25 o10nM
] 5
S 2 01000M ® ©100nM
g 2 24 =21pM
S 15 m1m 5
3 miouM g151 m10pM
e ! 1
05 H 05 4
0 . 04
DMSO DHT ~ HF  4-70 4-73 4-64 4-74 4-72 DMSO DHT HF  4-la 4-66 4-67 4-71 4-62
1nM L | 1nM
]
* DHT InM +DHT 1M
5 -
45
5 41
£ 35 1
2 34
g 25 a10nM
g 2 4 o100nM
£ 15 - =1uM
AR w10uM
05 H
0 : . .
DMSO DHT  HF  4-la 4-65 4-134

1nM
e — |

+DHT 1nM

Fig. 4-19 1t&%) 4-61~4-74, 4-123 X ' 4-134 O AR GEMSHE (SC-3 #Hi2. 1nM DHT #7%ETF)
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Me OH

DHT

R (o]

MeO

&

OH

[}

SR AEDL E ©
Iz

&

(2]
DIDDVD D
W
[e]e]o kil
%5

O.N

o
&

MeO OH
4-66 : R=F
4-67 : R=Cl
4-68 : R=CF3
4-69 : R=Br
4-70 : R=CN

4-1a

F Me F Me
F o o Q N
0L O CL, o WORO
Meo N on Meo NN OH H oo N OH
OH
OMe

4-73

4-74

4-123 4-134

Fig. 4-20 Fig. 4-19 07 vt AWt DS
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Compound ICs0 (ULM) Compound ICs0 (ULM)
4-1a” 0.75 4-42 7.6
4-1b> 2.0 4-43a Inactive
4-2a Inactive 4-43b Inactive
4-2b >10 4-44a 5.6
4-2c Inactive 4-44b 3.5
4-2d Inactive 4-45a cytotoxicity
4-2e Inactive 4-45b >10
4-2f 3.2 4-46 3.2
4-3a > 10 4-61 3.0
4-3b Inactive 4-62 0.65
4-3c >10 4-63 1.7
4-3d 6.3 4-64 3.4
4-3e inactive 4-65 Inactive
4-3f 7.4 4-66 0.40
4-4a inactive 4-67 0.48
4-4b >10 4-68 5.7
4-4c >10 4-69 4.3
4-4d inactive 4-70 Inactive
4-4e >10 4-71 0.51
4-20 > 10 4-72 0.48
4-21 > 10 4-73 0.53
4-22 >10 4-123 Inactive
4-23 5.3 4-134 1.4

Table 4-1 B LALEHDT7 vy TR NEMK

443 ZEARICHT BEME

442TETARICKHULTEWF VY T2 NEEDRH SNicibEY) 4-62. 4-66. 4-67. 4-71, 4-72
RU'4-73 ICDWT, WIhb b MEIZEREMAE T 2 LNCaP #ifz °”. 22Rv1 #ifz 'Kk PC- 3 #f
fa " mFEWEMEREE Z 1T o oo LNCaP fifgid. 3 ETEEMRBRICAWC T87T7TAZE AR ZHF Y
%t MRIIZAMEMERE T, 22Rv] #ifgld HB874Y ZE AR 289 % b MATZAEME TH 5. LNCaP
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& & U 22Rv1 #ifghY 7 Y ROT VRERETH 2 DICH L. PC-3 #lifgid7 > KOY > FHKFRIZR
MHREIEEE ZR DI DS NTWS, EAILT IR (BIC) (& LNCaP #ifgDi&%E = i 3 2 HY\
22Rv1 XU PC-3 #ifa DIBTEIS BB Z MHI L B VW ERES N TWS,

(a) LNCaP cells (with 10nM DHT) (b) 22Rv1 cells (with 10nM DHT)
1.4 4 1.2 -
1.2
7. :
g g
z z
308 3
i 3
3 3
0.6 - ¢
—4-1a —BIC \
0.4 +—// ‘ : . : ,
0.01 0.1 1 10 none 0.1 1 10
Final conc. (M) Final conc. (M)
(c) PC-3 cells
1.2 -
1 u'ﬁ
T
]
&
£08 -
2
z
3 06 -
s
2
8 466 -B-467 —a-4-62
04 1 471 473 o472
——4-1a —BIC
0.2 +—/ : ‘ )
none 0.1 1 10
Final conc. (uM)
Me
H HO MeQ 0 o . o
BeRaae! Jeas! Pegs!
(0] MeO MeO
N OH OH
NC F \©)LH \©)(H
BIC 4-1a 4-62
R R F
F (0]
o o] o]
T LT,
MeO N OH
e O)LN OH Me0\©)LN R oH \©)LH
H H
4-66 : R=F 4-71 : R=F -
4-67 : R=Cl 4-72 : R=Cl 473

Fig. 4-21 ZE AR £59 #8% U\ EEERER
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SEFEHHERICAVW: 6 BEDILEMIFVWIT NS 3TBEINTOMIE TRERENICIBIEZ NS U
feo WICT VRIZBMATH S 4-71 & 4-73 [FARFARDY —R{LEYTH S 4-1a £ D H 22Rv1 #fE
KO PC-3 #ifg D 18%E %z 58 < #H U 7= (Fig. 4-21),

SEMRBROBRIE. ChosDbEN. AR PYFIITZIANEUTOBELNCE. AISHDXAS
“XLTHIFIEIEZINFI L TWB I EZRB L TWTE D, ZOKEEDRBICDRNZHDTH S,

45 IN\¥E

RETRE 77 VOBERERZEBE UV RIBRLLT7 /272 /—ILBREBI 21LEY
FeamL. £YEEFHnZT > 1.
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F6E RBRHE

Chemistry

All reagents were purchased from Sigma-Aldrich Chemical Co., Tokyo Kasei Kogyo Co., Wako Pure Chemical
Industries, or Kanto Kagaku Co., Inc. Silica gel for column chromatography was purchased from Kanto Kagaku
Co., Inc. 'H and 3C NMR spectra were recorded on a JEOL ECA 600, or Bruker 600 spectrometer or JEOL JNM-AL
400. Mass spectral data was obtained on a Bruker Daltonics microTOF-2focus, Thermo Scientific Q-Exactive or
Waters Q-TOF Premier in the positive ion detection mode. Melting points were determined on a RFS-30 melting

point apparatus (Round Science).

Synthesis of Methyl 3a-hydroxycholanate (2-22): To a solution of lithocholic acid (LCA, 497 mg, 1.32 mmol) in
methanol (5 ml) was added acetyl chloride (50 pl) and stirred for 4 hours at room temperature. The reaction
mixture was added water and filtered. The precipitation was dissolved to ethanol and evaporated in vacuo. The
residue was recrystallized with hexane to yield 438 mg (1.12 mmol, 85 %) of compound 2-22. H-NMR
(600MHz, CDCls) 6 3.66 (s, 3H), 3.62-3.59 (m, 1H), 2.35 (ddd, J = 15.4, 10.4, 5.0 Hz, 1H), 2.21 (ddd, J = 15.4, 9.9,
6.6 Hz, 1H), 1.97-0.93 (m), 0.91 (s, 3H), 0.90 (d, J = 6.5 Hz, 3H), 0.64 (s, 3H).

Synthesis of Methyl 3B-acetoxycholanate (2-23a): To a solution of lithocholic acid methyl ester (2-22, 55 mg
0.15 mmol) in toluene (1ml) was added triphenylphosphine (51 mg, 0.20 mmol) acetic acid (10 ml, 0.17 mmol)
and DEAD (2.2 M solution in toluene, 70 pl, 0.15 mmol). And this solution was stirred at 0°C for 1hour then
room temperature for 20 hours. The reaction mixture was quenched with aqueous sodium bicarbonate and
extracted with ethyl acetate. The organic layer was washed with water, dried with sodium sulfate, and
evaporated in vacuo. The residue was chromatographed on silica gel (5 g, 25 % ethyl acetate-hexane) to yield 46
mg (0.11 mmol, 76 %) of acetate 2-23a. *H-NMR (600 MHz, CDCl3) & 5.06 (m, 1H), 3.66 (s, 3H), 2.34 (m, 1H),

2.21 (m, 1H), 2.05 (s, 3H), 1.97-1.75 (m, 5H), 1.65-0.99 (m), 0.96 (s, 3H), 0.91 (d, J = 6.5 Hz, 3H), 0.65 (s, 3H).

Synthesis of Methyl 3B-benzyloxycholanate (2-23b): To a solution of lithocholic acid methyl ester (2-22, 51 mg
0.13 mmol) in toluene (1ml) was added triphenylphosphine (41 mg, 0.16 mmol) benzoic acid (20 mg, 0.15
mmol) in toluene (1 ml) and DEAD (2.2 M solution in toluene, 70 pl, 0.15 mmol). And this solution was stirred at
0°C for 1hour then room temperature for 26 hours. The reaction mixture was quenched with aqueous sodium
bicarbonate and extracted with ethyl acetate. The organic layer was washed with water, dried with sodium
sulfate, and evaporated in vacuo. The residue was chromatographed on silica gel (6 g 25 % ethyl
acetate-hexane) to yield 33 mg (0.067 mmol, 57 %) of benzoate 2-33b. 'H-NMR (600 MHz, CDCl3) & 8.05 (d, 2H,
J=8.1Hz), 7.55 (t,J = 7.1 Hz, 1H), 7.45 (t, J = 7.1 Hz, 2H), 5.34 (s, 1H), 3.67 (s, 3H), 2.36 (ddd, J = 15.0, 9.9, 5.0 Hz,
1H), 2.22 (ddd, J = 15.4, 9.9, 6.6 Hz, 1H), 2.10-1.55 (m), 1.48-1.03 (m), 1.02 (s, 3H), 0.92 (d, / = 6.1 Hz, 3H), 0.68
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(s, 3H).

Synthesis of Methyl 3B-formlyoxycholanate (2-23c): To a solution of lithocholic acid methyl ester (2-22, 50 mg
0.13 mmol) in toluene (1ml) was added triphenylphosphine (79 mg, 0.30 mmol) formic acid (12 pl, 0.3 mmol)
and DEAD (2.2 M solution in toluene, 140 pl, 0.30 mmol). And this solution was stirred at 0°C for 1hour then
room temperature for 17 hours. The reaction mixture was quenched with aqueous sodium bicarbonate and
extracted with ethyl acetate. The organic layer was washed with water, dried with sodium sulfate, and
evaporated in vacuo. The residue was chromatographed on silica gel (5 g, 10 % ethyl acetate-hexane) to yield 37
mg (0.090 mmol, 70 %) of farmate 2-23c. *H-NMR (400 MHz, CDCls) & 8.06 (s, 1H), 5.22 (bs, 1H), 3.66 (s, 3H),
2.34 (ddd, J=15.2, 10.0, 5.2 Hz, 1H), 2.21 (ddd, J = 16.8, 10.4, 6.8 Hz, 1H), 1.97-0.93 (m), 0.96 (s, 3H), 0.91(d,

J=6.4Hz, 3H), 0.65 (s, 3H).

Synthesis of Methyl 3B-hydroxyoxycholanate (isolithocholic acid methyl ester, epi-2-22): To a solution of
formate (2-23c, 699 mg, 1.67 mmol) in methanol (150 ml) was added sodium methoxide (155 mg) and stirred
for 2 hours at room temperature. The reaction mixture was added 2M HCIl and filtered. The precipitation was
washed with water and dissolved to ethanol, ethyl acetate and evaporated in vacuo. The residue was
chromatographed on silica gel (15 g, 20-50 % ethyl acetate-hexane) to yield 606 mg (1.55 mmol, 93 %) of
product epi-2-22. *H-NMR (600 MHz, CDCl3) § 4.10 (bs, 1H), 3.66 (s, 3H), 2.35 (ddd, J = 14.8, 9.9, 4.9 Hz, 1H),
2.21(ddd, J = 15.9, 9.9, 6.6 Hz, 1H), 1.97-0.93 (m), 0.95 (s, 3H), 0.91(d, J=6.1Hz, 3H), 0.64 (s, 3H).

Synthesis of Compound 2-25: To a solution of isolithocholic acid methyl ester (epi-2-22, 281 mg, 0.72 mmol) in
toluene (4 ml) was added triphenylphosphine (379 mg, 1.4 mmol), phthalimide (231 mg, 1.6 mmol) and DEAD
(2.2 M dolution in toluene, 620 pl, 1.4 mmol). And this solution was stirred at room temperature for 2.5 hours.
The reaction mixture was quenched with water and extracted with ethyl acetate. The organic layer was washed
with water, dried with sodium sulfate, and evaporated in vacuo. The residue was chromatographed on silica gel
(24 g, 5-10 % ethyl acetate-hexane) to yield 218 mg (0.42 mmol, 59 %) of desired product 2-25. *H-NMR (400
MHz, CDCl3) 6 7.80 (dd, J=5.4, 2.9 Hz), 7.69 (dd, J=5.6, 3.2 Hz, 1H), 4.10-4.25 (m, 1H), 3.67 (s, 3H), 2.73 (q,
J=12.7Hz, 1H), 2.30-2.40 (m, 2H), 2.22 (ddd, J=16.1, 9.8, 7.0 Hz, 1H), 1.97-0.93 (m), 0.97 (s, 3H), 0.92 (d, J=6.3Hz,

3H), 0.66 (s, 3H).

Synthesis of Methyl 3a-aminocholanate 2-26: To a solution of phthalimide (2-25, 520 mg 1.00 mmol) in
methanol (25 ml) was added hydrazine monohydrate (250 pl, 5.0 mmol) and stirred under reflux for 5.5 hours.
The reaction mixture was quenched with brine and extracted with dichloromethane. The organic layer was

washed with aqueous sodium hydrogen carbonate, dried with sodium sulfate, and evaporated in vacuo. The
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residue was resolved with diethyl ether, added with 1M HCI and filterd. 372.1 mg of desired product 2-26
(0.873 mmol, 87.3%) was obtained. *H-NMR (600 MHz, CDCls) 6 8.30 (s, 3H), 3.66 (s, 3H), 3.18 (brs, 1H), 2.36
(ddd, 1H, J = 15.1, 10.3, 4.8 Hz), 2.21 (ddd, 1H, J = 15.1, 10.3, 6.8 Hz), 2.0-0.9 (m), 0.91 (s, 3H), 0.90 (d, 3H, J =
6.2 Hz), 0.63 (s, 3H). 3C-NMR (150 MHz, CDCls) & 174.77, 55.07, 55.77, 51.95, 51.47, 42.66, 42.22, 40.30, 39.80,

35.80, 35.35, 35.10, 34.56, 31.63, 31.09, 30.97, 28.13, 26.79, 26.25, 24.20, 23.39, 20.85, 18.27, 12.01.

Synthesis of Compound 2-28a: To a solution of methyl 3a-aminocholanate chloride (2-26, 69.0 mg, 0.16 mmol)
in dichloromethane (1.5 ml) was added pyridine (500 pl), methanesulfonyl chloride (300 pl). This solution was
stirred at 0°C for 1 hour then at room temperature for 17 hours. The reaction mixture was quenched with
water and extracted with dichloromethane. The organic layer was washed with water, dried with sodium sulfate,
and evaporated in vacuo. The residue was chromatographed on silica gel (4 g, 20-40 % ethyl acetate-hexane) to
yield 58.2 mg (0.124 mmol, 76.8 %) of desired product 2-28a. The residue was recrystallized with ethyl acetate.
Colorless prisms (ethyl acetate); mp 155 °C; 'H-NMR(600 MHz, CDCl3) & 4.14-4.12 (m, 1H), 3.66 (s, 3H),
3.35-3.28 (m, 1H), 2.35 (ddd, J=15.1, 9.6, 4.8 Hz, 1H), 2.22 (ddd, J=15.8, 9.6, 6.2 Hz, 1H), 1.96 (bdt, J= 13.8, 2.7,
1H), 1.9-0.98 (m), 0.93 (s, 3H), 0.91 (d, /=6.9Hz, 3H), 0.64 (s, 3H).3C-NMR (150 MHz, CDCl;) 6 174.76, 56.48,
55.96, 54.12, 51.49, 42.72, 42.57, 42.25, 40.51, 40.09, 35.86, 35.74, 35.35, 35.07, 34.40, 31.04, 30.98, 29.35,

28.16, 26.92, 26.31, 24.15, 23.45, 20.80, 18.26, 12.03.

Synthesis of Compound 2-28b: To a solution of methyl 3a-aminocholanate chloride (2-26, 76.5 mg, 0.18 mmol)
in dichlorometane (1.5 ml) was added triethylamine (80 ml), ethanesulfonyl chloride (37.5 ml). And this
solution was stirred at 0°C for 1.5 hours then added triethylamine (50 ml), ethanesulfonyl chloride (18.5 ml),
and stirred at 0 °C for 1 hour then room temperature for 1 hour. The reaction mixture was quenched with
aqueous sodium bicarbonate and extracted with dichlorometane. The organic layer was washed with water,
dried with sodium sulfate, and evaporated in vacuo. The residue was chromatographed on silica gel (4 g,
17-30 % ethyl acetate-hexane) to yield 81 mg (94%) of 2-28b. Colorless prisms (hexane/ethyl acetate); mp
137-138 °C; *H-NMR (600 MHz, CDCl3) & 3.98 (d, J = 3.98, 1H), 3.67 (s, 3H), 3.32-3.24 (m, 1H), 3.04 (q, / = 7.56,
2H), 2.35 (ddd, J = 15.8, 10.3, 5.5 Hz, 1H), 2.22 (ddd, J = 16.5, 10.3, 6.8 Hz, 1H), 2.0-1.0 (m), 1.37 (t, J = 6.9, 3H),
0.93 (s, 3H), 0.91 (d, J = 6.8Hz, 3H), 0.64 (s,3H).

Synthesis of Compound 2-28c: To a solution of methyl 3a-aminocholanate chloride (2-26, 70.6 mg, 0.17 mmol)
in dichlorometane (2 ml) was added triethylamine (92 ml, 0.58 mmol), p-toluenesulfonyl chloride (72.5 mg,
0.38 mmol). And this solution was stirred at 0°C for 3 hours then room temperature for 15.5 hours. The
reaction mixture was quenched with aqueous sodium bicarbonate and extracted with dichlorometane. The

organic layer was washed with water, dried with sodium sulfate, and evaporated in vacuo. The residue was
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chromatographed on silica gel (4 g, 12.5-25 % ethyl acetate-hexane) to yield 84.6 mg (94%) of 2-28c. Colorless
prisms (hexane/ethyl acetate); mp 103-105 °C. *H-NMR (600 MHz, CDs0D) & 7.89 (s, 1H), 7.72 (d, J= 8.28, 2H),
7.35 (d, J= 7.56, 2H), 3.63 (s, 3H), 3.02-2.95 (m, 1H), 2.42 (s, 3H), 2.35 (ddd, J=15.1, 9.6, 5.5 Hz, 1H), 2.22 (ddd,
J=16.5, 9.6, 6.8 Hz, 1H), 2.0-0.9 (m), 0.88 (s, 3H), 0.91(d, J=6.2 Hz, 3H), 0.65 (s, 3H).

Synthesis of Compound 2-20a: To a solution of compound 2-28a (23.6 mg, 0.050 mmol) in methanol (21 ml)
was added 2M NaOH aq (7 ml). And this solution was stirred at room temperature for 2 hours. The reaction
mixture was quenched with 2M HCl aq and extracted with dichloromethane. The organic layer was washed with
water, dried with sodium sulfate, and evaporated in vacuo. The residue was recrystallized with ethyl acetate to
yield 8.4 mg (0.0185 mmol, 36.7 %) of compound 2-20a. Colorless prisms (chloroform); mp 160-161.5 °C;
'H-NMR (600 MHz, CDCl3) 6 4.14-4.12 (m, 1H), 3.35-3.28 (m, 1H), 2.35 (ddd, J = 15.1, 9.6, 4.8 Hz, 1H), 2.22 (ddd,
J=15.8, 9.6, 6.2 Hz, 1H), 1.96 (bdt, J= 13.8, 2.7 Hz, 1H), 1.9-0.98 (m), 0.93 (s, 3H), 0.91(d, J=6.9 Hz, 3H), 0.64 (s,
3H).*C-NMR (150 MHz, CDCl5) 6 178.51, 56.51,55.99, 54.09, 42.75, 42.58, 42.25, 40.52, 40.11, 35.88, 35.75,

35.34, 35.06, 34.40, 30.75, 30.71, 29.36, 28.17, 26.93, 26.32, 24.17, 23.46, 20.81, 18.25, 12.04.

Synthesis of Compound 2-20b: To a solution of compound 2-28b (40.0 mg, 0.083 mmol) in methanol (12 ml)
was added 2M NaOH aq (4 ml) and this solution was stirred at 0°C for 0.5 hour. This solution was added
methanol (12ml), 0.5N NaOH aq (8 ml) and 6.25 M NaOH aq (3.5 ml) and then stirred at room temperature for
4 hours. The reaction mixture was quenched with 2M HCl aq and extracted with dichlorometane. The organic
layer was washed with water, dried with sodium sulfate, and evaporated in vacuo. The residue was
recrystallized with ethyl acetate to yield 24 mg of compound 2-20b (0.051 mmol, 62%). Colorless prisms
(hexane/ethyl acetate); mp 158 °C. *H-NMR(600 MHz, CDCls) 6 4.3 (bs, 1H), 3.35-3.2 (m, 1H), 3.04 (q, J= 6.8,
2H), 2.41 (ddd, J=15.8, 10.3, 5.5 Hz, 1H), 2.26 (ddd, J = 16.5, 10.3, 6.8 Hz, 1H), 1.9-0.98 (m), 0.93 (s, 3H), 0.93 (d,
J=6.9Hz, 3H), 0.65 (s, 3H).

Synthesis of Compound 2-20c: To a solution of compound 2-28c (46.6 mg, 0.085 mmol) in methanol (21 ml) was
added 2M NaOH agq (7 ml). This solution was stirred at 0°C for 0.5 hour and then stirred at room temperature
for 1 hour. The reaction mixture was quenched with 2M HCl aq and extracted with dichlorometane. The organic
layer was washed with water, dried with sodium sulfate, and evaporated in vacuo. The residue was
recrystallized with acetonitrile to yield 24 mg (0.044 mmol, 52 %) of compund 2-20c. Colorless prisms; mp
182 °C. 'H-NMR (600 MHz, CDCls) 6 7.75 (d, J= 8.22, 2H), 7.30 (d, J= 8.22, 2H), 4.5-4.6 (m, 1H), 3.15-3.05 (m,
1H), 2.43 (s, 3H), 2.40 (ddd, J=15.8, 10.3, 4.8 Hz, 1H), 2.26 (ddd, J=15.8, 9.7, 6.2 Hz, 1H), 2.0-0.9 (m), 0.87 (s,3H),
0.91(d, J=6.8Hz, 3H), 0.62 (s, 3H).

85



Synthesis of Compound 2-27: To a solution of methyl 3a-aminocholanate chloride (2-26, 68.5 mg, 0.16 mmol) in
dichloromethane (1.5 ml) was added pyridine (500 ml), acetic anhydride (200 ml). And this solution was stirred
at 0°C for 1 hour then room temperature for 22.5 hours. The reaction mixture was quenched with water and
extracted with dichloromethane. The organic layer was washed with water, dried with sodium sulfate, and
evaporated in vacuo. The residue was recrystallized with ethyl acetate to yield 36.3 mg (0.084 mmol, 53 %) of
compound 2-27. Colorless prisms (ethyl acetate); mp 208 °C; H-NMR (600 MHz, CDCls) § 5.29 (bd, J=7.6, 1H),
3.66 (s, 3H), 3.81-3.74 (m, 1H), 2.35 (ddd, J =15.8, 10.3, 5.5 Hz, 1H), 2.22 (ddd, J = 15.1, 9.6, 6.2 Hz, 1H), 1.95 (s,
3H), 1.9-1.0 (m), 0.93 (s, 3H), 0.91(d, J = 6.2Hz, 3H), 0.64 (s, 3H). 3C-NMR (150 MHz, CDCl5) 6 174.78, 169.12,
56.66, 56.06, 51.49, 49.44, 42.75, 42.30, 40.58, 40.22, 35.78, 35.38, 34.55, 33.70, 31.08, 31.01, 28.20, 27.98,

26.97, 26.41, 24.18, 23.64, 23.53, 20.81, 18.27, 12.04.

Synthesis of Compound 2-19: To a solution of compound 2-27 (18.6 mg, 0.045 mmol) in methanol (12 ml) was
added 2M NaOH aq (4 ml). And this solution was stirred at room temperature for 3.5 hours. The reaction
mixture was quenched with 2M HCl aq and extracted with dichloromethane. The organic layer was washed with
water, dried with sodium sulfate, and evaporated in vacuo. The residue was recrystallized with ethyl acetate to
yield 12.9 mg (69.3 %) of compound 2-19. Colorless prisms (methanol); mp 268 °C; *H-NMR (600 MHz, CD;0D)
6 7.9 (m), 4.61 (brs), 3.6-3.7 (m), 2.32 (ddd, J = 15.8, 10.3, 6.5 Hz, 1H), 2.19 (ddd, J = 16.5, 9.6, 6.9 Hz, 1H), 2.02
(bdt, J=12.4, 2.7 Hz, 1H), 1.95-1.0 (m), 0.96 (s, 3H), 0.94 (d, J = 6.9Hz, 3H), 0.69 (s, 3H).

Compound 2-18: To a solution of compound 2-26 (39.8 mg, 0.093 mmol) in methanol (3 ml) was added 2M
NaOH aqg (1 ml). And this solution was stirred at 0°C for 1 hour then room temperature for 8 hours. The
reaction mixture was quenched with 2M HCl aq and filterd. The precipittion was resolved with methanol and
evaporated in vacuo. 27.1 mg of desired product 2-18 (0.072 mmol, 77.3%) was obtained. 'H-NMR (600 MHz,
CD30D) 6 3.04-3.1 (m, 1H), 2.18 (ddd, J = 13.7, 10.3, 4.8 Hz, 1H), 1.99-2.05 (m, 2H), 1.02-1.98 (m), 0.97 (s, 3H),
0.92 (d, J = 6.2Hz, 3H), 0.67 (s, 3H).

Synthesis of Compound 2-30: To a solution of compound 2-25 (55.3 mg, 0.106 mmol) in methanol (5 ml) and
THF (10mL) was added 2M NaOH aqg (5 ml). And this solution was stirred at 0 °C for 2 hours. The reaction
mixture was quenched with 2M HCl aq and extracted with dichloromethane. The organic layer was washed with
water, dried with sodium sulfate, and evaporated in vacuo and yield 49.3 mg (0.094 mmol, 89 %) of compound
2-30.; 'H-NMR (600 MHz, CDs0D) & 7.94 (d, J= 7.6 Hz, 1H), 7.58 (t, J= 7.6 Hz, 1H), 7.50 (t, J = 7.6 Hz, 1H), 7.39 (d,
J=7.6 Hz, 1H), 3.84 (brt, J = 11.6 Hz, 1H), 2.31 (ddd, J = 15.1, 9.6, 4.8 Hz, 1H), 2.18 (ddd, J = 15.8, 8.9, 6.8 Hz, 1H),
1.0-2.0 (m), 0.98 (s, 3H), 0.93 (d, J = 6.2 Hz, 3H), 0.69 (s, 3H).
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Synthesis of benzyl 3a-hydroxycholanate (2-31): To a solution of lithocholic acid in DMF (5 ml) was added
potassium carbonate (420 mg), benzyl chloride (480 ul). And this solution was stirred at 40°C for 3 hours, at
room temperature for 19 hours and at 60 °C for 3 hours, the reaction mixture was quenched with aqueous
sodium bicarbonate and extracted with ethyl acetate. The organic layer was washed with water, dried with
sodium sulfate, and evaporated in vacuo. The residue was recrystallized with ethyl acetate to yield 525 mg (1.13
mmol, 82 %) of compound 2-31. *H-NMR (600 MHz, CDCl3) 6 7.4-7.3 (m, 5H), 5.12 (d, J = 12.4 Hz, 1H), 5.10 (d, J
= 12.4 Hz, 1H), 3.65-3.55 (m, 1H), 2.40 (ddd, J = 15.1, 9.7, 4.8 Hz, 1H), 2.27 (ddd, J = 15.8, 9.6, 6.2 Hz, 1H),

1.9-0.98 (m), 0.92 (s, 3H), 0.91(d, J = 6.2Hz, 3H), 0.62 (s, 3H).

Synthesis of Compound 2-32: To a solution of 2-31 (104 mg, 0.22 mmol) in dichlorometane (2 ml) was added
triethylamine (156 pl), p-toluenesulfonyl chloride (127.7 mg, 0.67 mmol). And this solution was stirred at room
temperatur for 16.5 hours then under reflux for 7.5 hours. The reaction mixture was quenched with aqueous
sodium bicarbonate and extracted with dichlorometane. The organic layer was washed with water, dried with
sodium sulfate, and evaporated in vacuo. The residue was chromatographed on silica gel (8 g, 10.5-25 % ethyl
acetate-hexane) to yield 81 mg (58 %) of 2-32; 'H-NMR (600 MHz, CDCl5) § 7.79 (d, J = 8.28 Hz, 2H), 7.4-7.3 (m,
5H), 7.33 (d, J= 8.22 Hz, 2H), 5.12 (d, J=12.4 Hz, 1H), 5.10 (d, J=12.4 Hz, 1H), 4.14-4.12 (m, 1H), 3.66 (s, 3H),
3.35-3.28 (m, 1H), 2.40 (ddd, J=15.1, 10.3, 4.8 Hz, 1H), 2.27 (ddd, J=15.8, 8.9, 6.2 Hz, 1H), 2.45 (s, 3H), 2.0-1.0
(m), 0.88 (s, 3H), 0.89 (d, J/=6.9Hz, 3H), 0.60 (s, 3H).

Synthesis of Compound 2-33: A mixture of 2-32 (23.9 mg, 0.038 mmol) and 10% palladium on carbon (18.4 mg)
in ethyl acetate (10 ml) and methanol (6 ml) was stirred under a hydrogen atmosphere for 4 h. The reaction
mixture was filtered over Celite, and the filtrate was evaporated. The residue was resolved in ethyl acetate and
filtered. The filtrate was evaporated in vacuo and yield of compound 2-33 (10.4 mg, 51%); *H-NMR (600 MHz,
CDCl3) 6 7.79 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 8.2 Hz, 2H), 4.45 (sep, J = 4.8 Hz, 1H), 2.45 (s, 3H), 2.37 (brs, 1H),
2.23 (brs, 1H), 2.0-1.0 (m), 0.91(d, J = 6.2 Hz, 3H), 0.88 (s, 3H), 0.62 (s, 3H).

Synthesis of Compound 2-34: To a solution of 2-31 (296 mg, 0.64 mmol) in THF (2 ml) was added TBDMS-CI (200
mg, 1.3 mmol), 4-dimethylaminopyridine (179 mg, 1.5 mmol) and DMF (1ml). And this solution was stirred at
room temperature for 24.5 hours. The reaction mixture was quenched with aqueous sodium bicarbonate and
extracted with ethyl acetate. The organic layer was washed with water, dried with sodium sulfate, and
evaporated in vacuo. The residue was chromatographed on silica gel (8 g, 2-33 % ethyl acetate-hexane) to yield
350 mg (0.60 mmol, 95 %) of 2-34. 'H-NMR (600 MHz, CDCl5) 6 7.4-7.3 (m, 5H), 5.12 (d, J = 12.4, 1H), 5.10(d, J =
12.4, 1H), 3.61-3.54 (m, 1H), 2.40 (ddd, J = 15.8, 10.3, 5.5 Hz, 1H), 2.27 (ddd, J = 15.8, 9.6, 6.8 Hz, 1H), 1.9-1.0
(m), 0.89 (s, 9H), 0.61 (s, 3H), 0.06 (s, 6H).
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Synthesis of Compound 2-37: To a solution of 2-22 (310 mg, 0.80 mmol) in THF (2 ml) was added TBDMS-CI (252
mg, 1.7 mmol), 4-dimethylaminopyridine (223 mg, 1.8 mmol) and DMF (1ml). And this solution was stirred at
room temperatur for 17 hours. The reaction mixture was quenched with aqueous sodium bicarbonate and
extracted with ethyl acetate. The organic layer was washed with water, dried with sodium sulfate, and
evaporated in vacuo. The residue was chromatographed on silica gel (10 g, 2-11 % ethyl acetate-hexane) to
yield 309 mg (0.61 mmol, 77 %) of. *H-NMR (600 MHz, CDCl3) & 3.67 (s, 3H), 3.61-3.54 (m, 1H), 2.35 (ddd,
J=15.1, 10.3, 4.8 Hz, 1H), 2.21 (ddd, J=16.4, 9.6, 6.2 Hz, 1H), 1.9-1.0 (m), 0.90 (s), 0.89 (s), 0.63 (s, 3H), 0.06 (s,
6H).

Synthesis of Compound 2-39: A mixture of 2-34 (171.6 mg, 0.295 mmol) and 10% palladium on carbon (25 mg)
in ethyl acetate (10 ml) and methanol (10 ml) was stirred under a hydrogen atmosphere for 3 h. The reaction
mixture was filtered over Celite, and the filtrate was evaporated. The residue was purified by recrystallization
from methanol/ethyl acetate to give 2-39 (56.7 mg, 39 %). *H-NMR (600 MHz, CDCl3) & 3.54-3.60 (m, 1H),

2.3-2.4 (brs, 1H), 2.15-2.25 (brs, 1H), 1.9-1.0 (m), 0.63 (s, 3H), 0.056 (s, 6H).

Synthesis of Compound 2-41: Bromine (790 mg) is added slowly at room temperature to a mechanically stirred
mixture of 2-2 (2.01g), carbon tetrachloride (11 ml) and phosphorus tribromide (1.34 g) in a ml. flask fitted with
a reflux condensenser topped by drying tube containing anhydrous calcium sulfate. After 30 minutes, additional
bromine (2.38 g) in carbon tetrachloride (3 ml) is added and the mixture is refluxed for 19 hours. The dark red
soluton is cooled to room temparature and methanol (20 ml) is added dropwise. Esterification is completed by
for refluxing the mixture for 1 hour. The mixture is then cooled to room thmperature, diluted with methylene
chloride (20 ml).The organic layer was washed with water and brine, dried with sodium sulfate, and evaporated
in vacuo. The residual gum was purified by column chromatography on silica gel (88 g, 0-10 % ethyl acetate -
methylene chloride) to give compound 2-41 as an orange solid (1.34 g, 59 %). *H-NMR(600 MHz, CDCls) (Major :
Minor = 1.3 : 1) (Major) & 4.31(dd, J=11.6, 4.1 Hz, 1H), 3.76 (s, 3H), 3.64-3.58 (m, 1H), 2.39 (td, J=11.7, 2.8 Hz,
1H), 1.91 (dt, J=12.4, 3.4 Hz, 1H), 1.88-1.0 (m), 0.95 (t, J=3.1 Hz, 1H), 0.92(d, J=6.2 Hz, 3H), 0.89 (s, 3H), 0.59 (s,
3H). (Minor) 6 4.29 (dd, J=11.0, 3.4 Hz, 1H), 3.76 (s, 3H), 3.64-3.58 (m, 1H), 2.15 (ddd, J=14.5, 11.7, 2.8 Hz, 1H),

1.95 (dt, J=12.4, 3.5 Hz, 1H), 1.88-1.0 (m), 0.97 (t, J=3.1 Hz, 1H), 0.90 (d, J=5.5 Hz, 3H), 0.90 (s, 3H), 0.66 (s, 3H).

Synthesis of Compound 2-42: With mechanical stirring, a mixture of Bromide 2-41 (0.073 mmol, 34 mg), sodium
bromide (0.22 mmol, 25 mg) and calcium carbonate (24 mg) in dimethylformamide (1 ml) is heated to 130 °C in
an atmosphere of nitrogen for 2 hours. The resulting dark solution is cooled to room temperature, inorganic

solution material is filtered off and the solution diluted with water and extracted three times with methylene
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chloride. The combined methylene chloride extracts are then washed with water and brine, dried (Na,SO,), and
concentrated. The residue was purified by column chromatography on silica gel with n-hexane containing ethyl
acetate (25 %) and yields 2-42 as a colorless solid (16 mg, 57 %). *H-NMR (600 MHz, CDCls) § 6.84 (dd, J=15.8,
8.9 Hz, 1H), 5.73 (d, J=15.1 Hz, 1H), 3.72 (s, 3H), 3.63 (sep, J=5.3 Hz, 1H), 2.2-2.3 (m, 1H), 1.15-1.90 (m), 1.08 (d,

J=6.8Hz, 3H), 0.98 (td, J = 13.7 Hz, 3.5, 1H), 0.92 (s, 3H), 0.68 (s, 3H).

Synthesis of Compound 2-44a: To a solution of compound 2-42 (73.3 mg, 0.19 mmol) in methanol (3 ml) was
added 2M NaOH aq (1 ml) and this solution was stirred at room temperature for 1.5 hours. This solution was
added 2M NaOH aq (2 ml) and then stirred at room temperature for 17.5 hours and stirred at 40 °C for 7 hours.
The reaction mixture was quenched with 1M HCI aq and extracted with ethyl acetate. The organic layer was
washed with water, and brine, dried with sodium sulfate, and evaporated in vacuo. The residue was
recrystallized with ethaanol to yield 46.7 mg (66 %) of compound 2-44a as a colorless solid. *H-NMR (600 MHz,
CDCl3) & 6.80 (dd, J=15.8, 8.9 Hz, 1H), 5.71 (d, J = 15.1 Hz, 1H), 3.53 (tt, / = 11.0, 4.8 Hz, 1H), 2.27-2.33 (m, 1H),
2.01 (brd, J = 11.7 Hz, 1H), 1.90 (tt, J = 13.7, 4.8 Hz, 1H), 1.81 (dt, J = 14.4, 3.4 Hz, 1H), 1.1-1.7 (m), 1.10 (d, / =

6.9 Hz, 3H), 0.99 (td, J = 14.4, 3.48 Hz, 1H), 0.95 (s, 3H), 0.73 (s, 3H).

Synthesis of Compound 2-44b: To a solution of 2-44a (29.0 mg, 0.0775 mol) in 1.5 ml of acetic acid was stirred
under reflux for 20.5 h. Water is added to complete precipitation. The product is filtered off, washed with water
and dried. Recrystallization from ethyl acetate yields 16.5 mg of 2-44b as a colorless solid (51%). *H-NMR (600
MHz, CDCl3) 6 6.93 (dd, J = 16.5, 8.9 Hz, 1H), 5.75 (d, J = 15.8 Hz, 1H), 4.72 (tt, J = 11.6, 4.8 Hz, 1H), 2.66-2.34 (m,
1H), 2.03 (s, 3H), 1.96 (brd, J = 11.7 Hz, 1H), 1.07- 1.9 (m), 1.09 (d, J = 6.2 Hz, 3H), 1.04 (td, J = 13.7, 3.4 Hz, 1H),
0.93 (s, 3H), 0.69 (s, 3H).

Synthesis of Compound 2-43a: To a solution of compound 2-41 (33 mg, 0.070 mmol) in methanol (1.5 ml) was
added 2M NaOH aq (0.5 ml) and this solution was stirred at room temperature for 2 hours. This solution was
washed with methylene cloride, added 1M HCl aq and extracted with ethyl acetate. The organic layer was
washed with water and brine, dried with sodium sulfate, and evaporated in vacuo to yield 23 mg (73 %) of
compound 2-51 as a yellow solid. *H-NMR(600 MHz, CDCls) (Major : Minor = 1.9 : 1) (Major) & 4.30 (dd, J=11.7,
3.4 Hz, 1H), 3.61-3.68 (m, 1H), 2.15 (td, /=13.7, 2.04 Hz, 1H), 1.96 (td, J=12.4, 2.8 Hz, 1H), 1.0-1.9 (m), 0.92 (d, J
= 6.2 Hz, 3H), 0.90 (s, 3H), 0.67 (s, 3H). (Minor) & 4.30 (dd, J = 11.7, 3.4 Hz, 1H), 3.61-3.68 (m, 1H), 2.15 (td, J =

13.7, 2.04 Hz, 1H), 1.96 (td, J = 12.4, 2.8 Hz, 1H), 1.0-1.9 (m), 0.92 (d, J = 6.2 Hz, 3H), 0.89 (s, 3H), 0.61 (s, 3H).

Synthesis of Compound 2-43b: To a solution of a 2-43a (20.4 mg, 0.0448 mol) in 1.5 ml of acetic acid was stirred

under reflux for 14.5 h. Water is added to complete precipitation. The product is washed with water and dried
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to yields 21 mg of 2-43b as a pale yellow solid (95 %). *H-NMR (600 MHz, CDCl3) (Major : Minor = 1.6 : 1)
(Major) 6 4.66-4.73 (m, 1H), 4.30 (dd, J =11.0, 3.5 Hz, 1H), 2.14 (td, J=11.7, 2.1 Hz, 1H), 2.01 (s, 3H), 1.97 (dt,
J=12.4, 3.4 Hz, 1H), 0.92 (d, J=6.8 Hz, 3H), 0.91(s, 3H), 0.67 (s, 3H). (Minor) 6 4.66-4.73 (m, 1H), 4.32 (dd, J =
11.7, 4.1 Hz, 1H), 2.39 (td, J = 13.7, 2.0 Hz, 1H), 2.01 (s, 3H), 1.93 (dt, J = 12.4, 2.8 Hz, 1H), 0.95 (d, J = 6.2 Hz, 3H),
0.90 (s, 3H), 0.61 (s, 3H).

Synthesis of Compound 2-47: To a solution of 2-42 (145mg, 0.37 mmol) in 3ml of acetonitrile was added
nitromethane (200 ul, 37 mmol) drop wise, followed by 1,8-diazabicycl[5.4.0] undec-7-ene (DBU) (280pl, 1.88
mmol). The mixture was heated at 60 °C for 6h, cooled, and diluted with ethyl acetate and washed with
saturated aqueous NH4Cl and brine. The orange layer was dried Na,SO, filtered, and evaporated under reduced
pressure. The resulting residue was purified by column chromatography on silica gel with n-hexane containing
acetone (17 %) to yield 2-47 as a pale yellow solid (49 mg, 29 %). *H-NMR (600 MHz, CDCl3) § 4.53 (dd, J/=12.4,
5.5 Hz, 1H), 4.37 (dd, J=12.4, 9.7 Hz, 1H), 3.70 (s, 3H), 3.63 (sep, J=5.3 Hz, 1H), 2.88-2.94 (m, 1H), 2.48 (dd,
J=15.8, 2.8 Hz, 1H), 2.05 (dd, J=15.8, 11.0 Hz, 1H), 0.95-1.95 (m), 0.92 (s, 3H), 0.85 (d, J=6.9 Hz, 3H), 0.63 (s, 3H).
1BC-NMR (150 MHz, CDCl;) 6 172.6136, 71.7818, 56.5579, 53.1493, 52.0003, 42.7798, 41.9851, 40.3574,
40.1946, 36.6232, 36.3838, 35.8764, 35.7998, 35.2732, 34.5168, 30.5815, 30.4762, 27.7378, 27.0867, 26.3208,

23.9941, 23.3239, 20.7770, 13.1267, 12.0065.

Synthesis of Compound 2-48a: To a solution of compound 2-47 (48.3 mg, 0.11 mmol) in ethanol (3 ml) was
added 2M NaOH aq (2.5 ml) and this solution was stirred at room temperature for 1.5 hours. The reaction
mixture was quenched with 2M HCl ag and extracted with ethyl acetate. The organic layer was washed with
water, and brine, dried with sodium sulfate, and evaporated in vacuo. The resulting residue was purified by
preparative TLC with ethyl acetate_containing n-hexane (25 %) and acetic acid (1%) to yield 2-48a as a colorless
solid (12.4 mg, 16%). *H-NMR (600 MHz, CDCl3) 6 4.52 (dd, J = 12.4, 4.8 Hz, 1H), 4.36 (dd, J = 12.4, 10.3 Hz, 1H),
3.63 (tt, J = 11.0, 4.8 Hz, 1H), 2.87-2.93 (m 1H), 2.50 (dd, J = 16.5, 2.7 Hz, 1H), 2.09 (s, 3H), 2.04-2.10 (m, 1H),

1.0-1.92 (m), 0.95 (td, J = 14.4, 3.4 Hz, 1H), 0.89 (s, 3H), 0.84 (d, J = 6.8 Hz, 3H), 0.61 (s, 3H).

Synthesis of Compound 2-49: To a solution of 2-48a (5.1 mg, 0.012 mmol) in 0.5 ml of acetone was added Jones
reagent drop wise at 15°C . The mixture was stirred at 15 °C for 35 minutes, and quenched with isopropyl
alcohol, inorganic solution material is filtered off and the solution diluted with ethyl acetate and washed with
saturated aqueous NH.Cl and brine. The orange layer was dried over Na;SO,, filtered, and evaporated under
reduced pressure and yield 2-49 as a colorless solid (3.5 mg, 67 %). *H-NMR (600 MHz, CDCls) & 4.53 (dd, J =
12.4, 4.9 Hz, 1H), 4.37 (dd, J = 12.4, 9.6 Hz, 1H), 2.87-2.94 (m, 1H), 2.66 (t, J = 14.4 Hz, 1H), 2.50 (dd, J = 16.5,
2.8 Hz, 1H), 2.30 (td, J = 14.5, 4.8 Hz, 1H), 2.15 (brd, J = 14.5 Hz, 1H), 2.08 (dd, J = 11.6, 5.5 Hz, 1H), 1.8- 2.05 (m),
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1.01-1.65 (m), 1.00 (s, 3H), 0.86 (d, J = 6.8 Hz, 3H), 0.66 (s, 3H).

Synthesis of Compound 2-50: To a solution of 2-42 (154 mg, 0.40 mmol) in THF (2 ml) was added TBDMS-CI (119
mg, 0.79 mmol), 4-dimethylaminopyridine (112 mg, 0.92 mmol) and DMF (1ml). And this solution was stirred at
room temperature for 38.5 hours. The reaction mixture was quenched with aqueous sodium bicarbonate and
extracted with ethyl acetate. The organic layer was washed with brine, dried with sodium sulfate, and
evaporated in vacuo. The residue was chromatographed on silica gel (6.3 g, 4 % ethyl acetate-hexane) to yield
178 mg (88 %) of 2-50 as a colorless solid. *H-NMR (600 MHz, CDCls) 6 6.84 (dd, J = 15.8, 9.0 Hz, 1H), 5.73 (d, J =

15.1, 1H), 3.72 (s, 3H), 3.56-3.66 (m, 1H), 2.2-2.3 (m, 1H), 1.9-0.8 (m), 0.67 (s, 3H), 0.057 (s, 6H).

Synthesis of compound 3-7: To a solution of p-carborane (640 mg, 4.43 mmol) in 1,2-dimethoxyethane (4 ml)
was added dropwise a 1.5 M solution of n-BulLi in hexane (3.25 ml, 4.88 mmol) at 0 °C under Ar atmosphere.
The mixture was stirred for 20 min at room temperature and CuCl (570 mg, 5.76 mmol) was added in one
potion at 0 °C . Stirring was continued at room temperature for 1h. Pyridine (2 ml) and 4-lodopyridine (1.0 g,
4.88 mmol) was added in one portion, and the mixture was heated 90 °C for 3h. After cooling, the reaction
mixture was diluted with Et,0 and stirred at room temperature for 10 min. Insoluble solids were filtered off
throught Celite, and the filtrate was washed with 5% Na,S,03, sat NH4Cl and brine, dried over Na,SOs, and then
concentrated. The residue was purified by column chromatography on silica gel with n-hexane containing ethyl

acetate (10 : 1) yields 3-7 as a colorless solid (2.48 mmol, 56%).

Synthesis of compound 3-8a: To a solution of 3-7 (100 mg, 0.45 mmol) in 1,2-dimethoxyethane (0.7 ml) was
added dropwise a 1.63 M solution of n-BulLi in hexane (0.42 ml, 0.68 mmol) at 0 °C under Ar atmosphere. The
mixture was stirred for 20 min at room temperature and CuCl (72 mg, 0.73 mmol) was added in one potion at
0 °C. Stirring was continued at room temperature for 1h. Pyridine (0.2 ml) and 4-lodobenzonitrile (155mg, 0.5
mmol) was added in one portion, and the mixture was heated 80 °C for 3h. After cooling, the reaction mixture
was diluted with Et,0 and stirred at room temperature for 20 min. Insoluble solids were filtered off throught
Celite, and the filtrate was washed with 5% Na,S,0s3, sat NH4Cl and brine, dried over Na,SO,4, and then
concentrated. The residue was purified by column chromatography on silica gel with n-hexane containing ethyl
acetate (25 %) and recrystallization from dichloromethane-hexane yields 3-8a as a pale brown solid (33.5mg,
23%) 'H-NMR(600 MHz, CDCl3) & 8.46 (bs, 2H), 7.50 (dd, J = 8.94, 2.04 Hz, 2H), 7.33 (dd, J = 8.94, 2.04 Hz, 2H),
7.11 (d, J = 4.8 Hz), 2.0-3.2 (m, 10H); *C-NMR (150 MHz, CDCl5) § 149.88, 144.13, 140.53, 131.98, 127.94,

121.70, 117.90, 112.75, 82.27, 81.25.

Synthesis of compound 3-8b: To a solution of 3-7 (96.5 mg, 0.44 mmol) in 1,2-dimethoxyethane (0.7 ml) was
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added dropwise a 1.63 M solution of n-BulLi in hexane (0.42 ml, 0.68 mmol) at 0 °C under N, atmosphere. The
mixture was stirred for 20 min at room temperature and CuCl (72 mg, 0.73 mmol) was added in one potion at
0 °C. Stirring was continued at room temperature for 1h. Pyridine (0.2 ml) and 3-lodobenzonitrile (155mg, 0.5
mmol) was added in one portion, and the mixture was heated 85 °C for 4h. After cooling, the reaction mixture
was diluted with Et,0 and stirred at room temperature for 20 min. Insoluble solids were filtered off throught
Celite, and the filtrate was washed with 5% Na,S,0s3, sat NH4Cl and brine, dried over Na,SO,, and then
concentrated. The residue was purified by column chromatography on silica gel with n-hexane containing ethyl
acetate (25 %) and recrystallization from dichloromethane-hexane yields 3-8b as a pale brown solid (12.3 mg,
23%); *H-NMR (600 MHz, CDCl3) & 8.44 (bs, 2H), 7.53 (dt, J = 7.56, 1.32 Hz, 1H), 7.50 (t, J = 2.1 Hz, 1H), 7.45 (dd,
J=8.28, 1.38 Hz, 1H), 7.32 (t, J = 8.22 Hz, 1H), 7.11 (d, J = 5.46 Hz, 2H), 2.0-3.1 (m, 10H); **C-NMR (150 MHz,

CDCl3) 6 149.81, 144.21, 137.36,132.12, 131.41, 130.70, 129.20, 121.76, 117.99, 112.71, 81.77, 80.92.

Synthesis of compound 3-9: To a solution of p-carborane (502 mg, 3.48 mmol) in 1,2-dimethoxyethane (4 ml)
was added dropwaise a 1.63 M solution of n-BuLi in hexane (3.4 ml, 5.5 mmol) at 0 °C under Ar atomosphere.
The mixture was stirred for 10 min at room temperature and CuCl (551 mg, 5.6 mmol) was added in one potion
at 0 °C. Stirring was continued at room temperature for 1h. Pyridine (1.2 ml) and 3-lodopyridine (1.13 g, 5.5
mmol) was added in one portion, and the mixture was heated 80 °C for 3h. After cooling, the reaction mixture
was diluted with Et,0 and stirred at room temperature for 10 min. Insoluble solids were filtered off throught
Celite, and the filtrate was washed with 5% Na,S,0s3, sat NH4Cl and brine, dried over Na,SO,4, and then
concentrated. The residue was purified by column chromatography on silica gel with n-hexane containing ethyl
acetate (11 %) yields 3-9 as a colorless solid (250mg, 32%). *H-NMR(600 MHz, CDCl3) 6 8.44 (dd, J= 4.8, 1,38 Hz,
1H), 8.43 (d, J=2.04 Hz, 1H), 7.48 (ddd, J= 8.22, 2.76, 1.38 Hz, 1H), 7.10 (dd, J= 8.94, 4.8 Hz, 1H), 1.8-3.0 (m,

11H).

Synthesis of compound 3-10a: To a solution of 3-9 (100.8 mg, 0.49 mmol) in 1,2-dimethoxyethane (0.5 ml) was
added dropwaise a 1.63 M solution of n-BulLi in hexane (0.43 ml, 0.70 mmol) at 0 °C under N, atomosphere.
The mixture was stirred for 20 min at room temperature and CuCl (75 mg, 0.76 mmol) was added in one potion
at 0 °C. Stirring was continued at room temperature for 1h. Pyridine (0.2 ml) and 4-lodobenzonitrile (160 mg,
0.69 mmol) was added in one portion, and the mixture was heated 80 °C for 5h. After cooling, the reaction
mixture was diluted with Et,0 and stirred at room temperature for 20 min. Insoluble solids were filtered off
throught Celite, and the filtrate was washed with 5% Na,S,03, sat NH4Cl and brine, dried over Na,SOs, and then
concentrated. The residue was purified by column chromatography on silica gel with n-hexane containing ethyl
acetate (20 %) and recrystallization from ethyl acetate -hexane yields 3-10a as a colorless crystal (6.9mg, 4%);

mp: 201 °C; 'H-NMR(600 MHz, CDCls) 6 8.50 (brd, J = 4.1 Hz, 1H), 8.48 (bs, 1H), 7.49-7.54 (m, 3H), 7.36 (dd, J =
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8.94, 2.04 Hz, 2H), 7.16 (dd, 8.3, 4.8 Hz, 1H), 2.1-3.2 (m, 10H),: Anal. Calcd. For C14B1gH1sN>: C, 52.15 ;H, 5.63 ;

N,8.69. FOUND C, 52.07 ; H,5.38 ; N,8.67.

Synthesis of compound 3-10b: To a solution of 3-9 (105.5 mg, 0.48 mmol) in 1,2-dimethoxyethane ( 0.5 ml)
was added dropwaise a 1.63 M solution of n-BuLi in hexane (0.47 ml, 0.77 mmol) at 0 °C under N,
atomosphere. The mixture was stirred for 30 min at room temperature and CuCl (75 mg, 0.76 mmol) was added
in one potion at 0 °C. Stirring was continued at room temperature for 1lh. Pyridine (0.2 ml) and
3-lodobenzonitrile (173mg, 0.76 mmol) was added in one portion, and the mixture was heated 85 °C for 6 h.
After cooling, the reaction mixture was diluted with Et,0 and stirred at room temperature for 20 min. Insoluble
solids were filtered off throught Celite, and the filtrate was washed with 5% Na,S,03, sat NH4Cl and brine, dried
over Na;SOs4, and then concentrated. The residue was purified by column chromatography on silica gel with
n-hexane containing ethyl acetate (18 %) and recrystallization from ethyl acetate yields 3-10b as a pale brown
crystal (7.1 mg, 4.6%) ; *H-NMR(600 MHz, CDCl;) & 8.48 (bs, 2H), 7.52-7.56 (m, 3H), 7.48 (dd, J=8.3, 2.0 Hz, 1H),

7.34(t, J = 7.6 Hz, 1H), 7.16 (brd dd, J=7.6, 4.8 Hz, 1H), 2.1-3.2 (m, 10H).

Synthesis of compounds 3-11, 3-12: To a solution of p-carborane (495 mg, 3.43 mmol) in 1,2-dimethoxyethane
(3.8 ml) was added dropwise a 1.63 M solution of n-BulLi in hexane (3.5 ml, 5.8 mmol) at 0 °C under N,
atmosphere. The mixture was stirred for 20 min at room temperature and CuCl (553 mg, 5.6 mmol) was added
in one potion at 0 °C. Stirring was continued at room temperature for 1lh. Pyridine (1.3 ml) and
2-bromopyridine (878 mg, 5.6 mmol) was added in one portion, and the mixture was heated 85 °C for 8 h.
After cooling, the reaction mixture was diluted with Et,0 and stirred at room temperature for 15 min. Insoluble
solids were filtered off throught Celite, and the filtrate was washed with 5% Na,S,03, sat NH4Cl and brine, dried
over Na;SOs4, and then concentrated. The residue was purified by column chromatography on silica gel with
n-hexane containing ethyl acetate (2-20 %), yields 3-11 (252mg, 33%) and 3-12 (220mg, 21%). 3-11: 'H-NMR
(600 MHz, CDCl3) 6 8.44 (dd, J = 4.86, 2.1 Hz, 1H), 7.51 (td, J = 7.56, 2.04 Hz, 1H), 7.21 (d, J = 8.22 Hz, 1H), 7.13
(ddd, J = 7.56, 4.8, 1.38 Hz, 1H), 1.8-3.0 (m, 11H).; 1*C-NMR (600 MHz, CDCl;) & 153.634, 148.60, 136.52, 123.14,
121.02, 86.54, 60.64; 3-12: 'H-NMR(600 MHz, CDCl;) 6 8.48 (d, J = 1.38 Hz, 2H), 7.53 (td, J = 7.56, 2.04 Hz, 2H),
7.24 (d, J = 8.28 Hz, 2H), 7.15 (dd, J = 7.56, 4.8 Hz, 2H), 1.8-3.0 (m, 10H); 3*C-NMR (150 MHz, CDCl;) § 153.54,
148.69, 136.55, 123.22, 121.17, 83.97.; Anal. Calcd. For C12B1oH1sN>-1/2C¢H14: C, 46.89 ; H,6.23 ; N,9.11. FOUND

C,47.18; H,5.85; N,9.05.

Synthesis of compound 3-13a: To a solution of 3-11 (101 mg, 0.46 mmol) in 1,2-dimethoxyethane (0.5 ml) was

added dropwise a 1.63 M solution of n-Buli in hexane (0.44 ml, 0.72 mmol) at 0 °C under Ar atmosphere. The

mixture was stirred for 20 min at room temperature and CuCl (72 mg, 0.73 mmol) was added in one potion at
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0 °C. Stirring was continued at room temperature for 1h. Pyridine (0.2 ml) and 4-lodobenzonitrile (167 mg, 0.73
mmol) was added in one portion, and the mixture was heated 80 °C for 6.5 h. After cooling, the reaction
mixture was diluted with Et,0 and stirred at room temperature for 20 min. Insoluble solids were filtered off
throught Celite, and the filtrate was washed with 5% Na,S,0s3, sat NH4Cl and brine, dried over Na;SOs, and then
concentrated. The residue was purified by column chromatography on silica gel with n-hexane containing ethyl
acetate (4.5-5 %) and yields 3-13a as a pale brown solid (25 mg, 17%). The compound was recrystallized with
ethyl acetate.; mp: 201 °C; *H-NMR (600 MHz, CDCls) § 8.44 (dd, J = 4.5, 2.0 Hz, 1H), 7.57 (td, J = 8.2, 2.0 Hz,
2H), 7.50 (dt, J =8.9, 2.0 Hz, 2H), 7.37 (dt, J= 8.9, 2.0 Hz, 2H), 7.26 (d, J = 8.2 Hz, 1H), 7.19 (dd, J = 7.6, 4.8 Hz, 1H),
2.1-3.2 (m, 10H); **C-NMR (150 MHz, CDCl3) § 153.0715, 148.7437, 141.0073, 136.6317, 131.8921, 128.0048,
123.3802, 121.0727, 118.0087, 112.5128, 84.1811, 81.7778.; Anal. Calcd. For Ci14B1oH1sN2: C, 52.15 ; H,5.63 ;

N,8.69. FOUND C, 51.86 ;H, 5.44 ; N,8.64.

Synthesis of compound 3-13b: To a solution of 3-11 (101 mg, 0.46 mmol) in 1,2-dimethoxyethane (0.5 ml) was
added dropwise a 1.63 M solution of n-Buli in hexane (0.44 ml, 0.72 mmol) at 0 °C under Ar atmosphere. The
mixture was stirred for 20 min at room temperature and CuCl (72 mg, 0.73 mmol) was added in one potion at
0 °C. Stirring was continued at room temperature for 1h. Pyridine (0.2 ml) and 3-lodobenzonitrile (167 mg, 0.73
mmol) was added in one portion, and the mixture was heated 80 °C for 6.5 h. After cooling, the reaction
mixture was diluted with Et,0 and stirred at room temperature for 20 min. Insoluble solids were filtered off
throught Celite, and the filtrate was washed with 5% Na,S,03, sat NH4Cl and brine, dried over Na,SOs, and then
concentrated. The residue was purified by column chromatography on silica gel with n-hexane containing ethyl
acetate (5 %) and yields 3-13b as a pale brown solid (18 mg, 12%). The compound was recrystallized with
methanol-chloroform.; mp: 202.3 °C;*H-NMR (600 MHz, CDCl3) 6 8.44 (d, J = 4.8 Hz, 1H), 7.48-7.59 (m, 4H),
7.33 (t,J=8.2 Hz, 1H), 7.26 (d, J = 8.2 Hz, 1H), 7.19 (dd, J= 7.6, 4.8 Hz, 1H), 2.1-3.2 (m, 10H); 3C-NMR (150 MHz,
CDCl;) 6 153.0715, 148.7533, 137.7806, 136.6412, 131.9400, 131.5092, 130.7815, 129.0867, 123.3802,
121.0918, 118.0949, 112.5798, 83.9896, 81.3661.; Anal. Calcd. For Ci4BioH1sN2:1/4H,0: C, 51.44 ; H,5.70 ;

N,8.57. FOUND C, 51.55 ;H, 5.62 ; N,8.17.

Synthesis of compound 3-14: To a solution of 3-11 (101 mg, 0.46 mmol) in 1,2-dimethoxyethane (0.5 ml) was
added dropwise a 1.63 M solution of n-BulLi in hexane (0.42 ml, 0.68 mmol) at 0 °C under Ar atmosphere. The
mixture was stirred for 15 min at room temperature and CuCl (68 mg, 0.69 mmol) was added in one potion at
0 °C. Stirring was continued at room temperature for 1h. Pyridine (0.2 ml) and 3-lodopyridine (157 mg, 0.77
mmol) was added in one portion, and the mixture was heated 80 °C for 6.5 h. After cooling, the reaction
mixture was diluted with Et,0 and stirred at room temperature for 20 min. Insoluble solids were filtered off

throught Celite, and the filtrate was washed with 5% Na,S,03, sat NH4Cl and brine, dried over Na,SOs, and then
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concentrated. The residue was purified by column chromatography on silica gel with n-hexane containing ethyl
acetate (8 %) and yields 3-14 as a colorless solid (10 mg, 8%); *H-NMR (600 MHz, CDCls) 6 8.47 (d, J = 2.7 Hz,
1H), 8.46 (dd, J = 4.8, 1.4 Hz, 1H), 8.42 (dd, J = 4.8, 2.1 Hz, 1H), 7.54 (td, J = 8.2,2.0 Hz, 1H), 7.51-7.54 (m, 1H),
7.25(d, J=8.3 Hz, 1H), 7.16 (ddd, J= 7.6, 4.8, 1.4 Hz, 1H), 7.13 (dd, J = 9.0, 4.8 Hz, 1H), 2.1-3.2 (m, 10H);

Synthesis of compound 3-15: To a solution of p-carborane (504 mg, 3.49 mmol) in 1,2-dimethoxyethane (4 ml)
was added dropwise a 1.57 M solution of n-BuLi in hexane (3.5 ml, 5.5 mmol) at 0 °C  under Ar atmosphere.
The mixture was stirred for 20 min at room temperature and CuCl (554 mg, 5.6 mmol) was added in one potion
at 0 °C. Stirring was continued at room temperature for 1h. Pyridine (1.2 ml) and lodopyrazine (1 g, 4.9 mmol)
was added in one portion, and the mixture was heated 85 °C for 15.5 h. After cooling, the reaction mixture was
diluted with Et;0 and stirred at room temperature for 20 min. Insoluble solids were filtered off throught Celite,
and the filtrate was washed with sat NH4Cl and brine, dried over Na,SO4, and then concentrated. The residue
was purified by column chromatography on silica gel with n-hexane containing ethyl acetate (17 %) yields 3-15
as a colorless solid (241 mg, 31 %) and 3-16 as a colorless solid (113mg, 11%). The compound 3-16 was
recrystallized with ethyl acetate. 3-15: 'H-NMR (600 MHz, CDCl3) & 8.48(d, J = 1.38 Hz, 1H), 8.43 (d, J = 2.76 Hz,
1H), 8.36 (dd, J = 2.7, 1.38 Hz, 1H), 1.8-3.0 (m, 11H); *C-NMR (600 MHz, CDCl;) § 149.50, 144.16, 144.06,
142.95, 142.22, 82.28, 61.54. 3-16: *H-NMR (600 MHz, CDCl3) 6 8.52 (d, J = 1.38 Hz, 2H), 8.47 (d, J = 2.04 Hz, 2H),
8.39 (t, J = 2.04 Hz, 2H), 2.0-3.2 (m, 10H); Anal. Calcd. For C10B1oH16N4-1/2H,0: C, 59.44 ; H,6.01 ; N,7.11. FOUND

C,59.73; H,5.78; N,7.28.

Synthesis of compound 3-17: To a solution of 3-15 (99 mg, 0.44 mmol) in 1,2-dimethoxyethane (0.5 ml) was
added dropwise a 1.14 M solution of LDA (0.62 ml, 0.71 mmol) at -17 °C  under Ar atmosphere. The
mixture was stirred for 30 min at -17 °C and CuCl (70 mg, 0.71 mmol) was added in one potion at 0 °C. Stirring
was continued at room temperature for 1h. Pyridine (0.2 ml) and 4-lodobenzonitrile (155mg, 0.5 mmol) was
added in one portion, and the mixture was heated 80 °C for 5h. After cooling, the reaction mixture was diluted
with Et,0 and stirred at room temperature for 20 min. Insoluble solids were filtered off throught Celite, and the
filtrate was washed with 5% Na,S,0s, sat NH4Cl and brine, dried over Na,SO,, and then concentrated. The
residue was purified by column chromatography on silica gel with n-hexane containing ethyl acetate (10 %) and

yields 3-17 (13 mg, 9 %).

Synthesis of compound 3-18: To a solution of p-carborane (515 mg, 3.57 mmol) in 1,2-dimethoxyethane (3.8
ml) was added dropwise a 1.63 M solution of n-BulLi in hexane (3.5 ml, 5.7 mmol) at 0 °C under N, atmosphere.
The mixture was stirred for 20 min at room temperature and CuCl (565 mg, 5.7 mmol) was added in one potion

at 0 °C. Stirring was continued at room temperature for 1h. Pyridine (1.2 ml) and 2-Bromopyrimidine (902 mg,
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5.67 mmol) was added in one portion, and the mixture was heated 80 °C for 8h. After cooling, the reaction
mixture was diluted with Et,0 and stirred at room temperature for 20 min. Insoluble solids were filtered off
through Celite, and the filtrate was washed with 5% Na,S;0s3, sat NH4Cl and brine, dried over Na,SO4, and then
concentrated. The residue was purified by column chromatography on silica gel with n-hexane containing ethyl
acetate (5 %-25 %) yields 3-18 as a pale brown power (312mg, 40 %). 'H-NMR (600 MHz, CDCl3) & 8.59 (d, J=

4.80 Hz, 1H), 7.17 (t, J= 4.86 Hz, 2H), 3.1-1.7 (m, 11H).

Synthesis of compound 3-21a: To a solution of p-carborane (508 mg, 3.52 mmol) in 1,2-dimethoxyethane
(3.8ml) was added dropwise a 1.63 M solution of n-BuLi in hexane (3.5 ml, 5.71 mmol) at 0 °C under N,
atmosphere. The mixture was stirred for 25 min at room temperature and CuCl (557 mg, 5.63 mmol) was added
in one potion at 0 °C. Stirring was continued at room temperature for 1lh. Pyridine (1.2 ml) and
1-iodonaphthalene (1.43g, 5.63 mmol) was added in one portion, and the mixture was heated 80 °C for 6.5 h.
After cooling, the reaction mixture was diluted with Et,0 and stirred at room temperature for 20 min. Insoluble
solids were filtered off throught Celite, and the filtrate was washed with 5% Na,S,03, sat NH4Cl and brine, dried
over Na;SOs4, and then concentrated. The residue was purified by column chromatography on silica gel with
n-hexane and recrystallization from 1-iodonaphthalene yields mixture of 3-20 and 1-iodonaphthalene as a
colorless solid (225 mg). To a solution of the mixture of 3-20 and 1l-iodonaphtalene (116 mg) in
1,2-dimethoxyethane (0.6 ml) was added dropwise a 1.63 M solution of n-Buli in hexane (0.47 ml, 0.77 mmol)
at 0 °C under N, atmosphere. The mixture was stirred for 20 min at 0°C and CuCl (85 mg, 0.86 mmol) was
added in one potion at 0 °C. Stirring was continued at room temperature for 1h. Pyridine (0.2 ml) and
4-lodobenzonitrile (257 mg, 1.12 mmol) was added in one portion, and the mixture was heated 80 °C for 6.5 h.
After cooling, the reaction mixture was diluted with Et,0 and stirred at room temperature for 20 min. Insoluble
solids were filtered off throught Celite, and the filtrate was washed with 5% Na,S,03, sat NH4Cl and brine, dried
over Na;SOs4, and then concentrated. The residue was purified by column chromatography on silica gel with
n-hexane containing ethyl acetate (0-2%) and recrystallization from hexane, ethyl acetate and dichloromethane
yields 3-21a as a colorless crystal. (17 mg, 3.5%, 2 steps).; .mp: 220.7 °C; *H-NMR (600 MHz, CDCl3) & 8.79 (d, J
= 8.94 Hz, 1H), 7.85 (d, J = 8.2 Hz, 1H), 7.81 (td, J = 7.56, 1.38 Hz, 2H), 7.77 (d, J = 8.28 Hz, 1H), 7.51- 7.54 (m,
3H), 7.45 (td, J = 6.9, 1.38 Hz, 1H), 7.41 (dt, J = 8.22, 2.1 Hz, 2H), 2.1-3.6 (m, 10H); 3C- NMR (150MHz, CDCl;) &
140.98, 134.71, 132.06, 130.89, 130.77, 129.88, 129.46, 129.21, 128.11, 126.16, 125.56, 125.45, 124.55, 118.13,
112.70, 85.06, 83.89.; Anal. Calcd. For C19B1gH21N: C,61.43 ; H,5.70; N,3.77. FOUND C, 61.14 ;H, 5.96 ; N,3.78.;

HRMS m/z calcd. for C19B1oH21N Na (M+Na) 396.2500; found .396.2489;

Synthesis of compound 3-21b: To a solution of p-carborane (508 mg, 3.52 mmol) in 1,2-dimethoxyethane

(3.8ml) was added dropwise a 1.63 M solution of n-BulLi in hexane (3.5 ml, 5.71 mmol) at 0 °C under N,
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atmosphere. The mixture was stirred for 25 min at room temperature and CuCl (557 mg, 5.63 mmol) was added
in one potion at 0 °C. Stirring was continued at room temperature for 1lh. Pyridine (1.2 ml) and
1-iodonaphthalene (1.43g, 5.63 mmol) was added in one portion, and the mixture was heated 80 °C for 6.5 h.
After cooling, the reaction mixture was diluted with Et,0 and stirred at room temperature for 20 min. Insoluble
solids were filtered off throught Celite, and the filtrate was washed with 5% Na,S,03, sat NH4Cl and brine, dried
over Na;SOs4, and then concentrated. The residue was purified by column chromatography on silica gel with
n-hexane and recrystallization from 2-iodonaphthalene yields mixture of 3-22 and 2-iodonaphthalene as a
colorless solid (225 mg). To a solution of the mixture (101mg, 3-22 and 2-iodonaphtalene) in
1,2-dimethoxyethane (0.6 ml) was added dropwise a 1.63 M solution of n-Buli in hexane (0.47 ml, 0.77 mmol)
at 0 °C under N, atmosphere. The mixture was stirred for 20 min at 0°C and CuCl (85 mg, 0.86 mmol) was
added in one potion at 0 °C. Stirring was continued at room temperature for 1h. Pyridine (0.2 ml) and
3-lodobenzonitrile (210 mg, 0.917 mmol) was added in one portion, and the mixture was heated 80 °C for 6.5
h. After cooling, the reaction mixture was diluted with Et,0 and stirred at room temperature for 20 min.
Insoluble solids were filtered off throught Celite, and the filtrate was washed with 5% Na,S,03, sat NH4Cl and
brine, dried over Na,SOs, and then concentrated. The residue was purified by column chromatography on silica
gel with n-hexane containing ethyl acetate (0-10%), recycle-GPC, and recrystallization from hexane, ethyl
acetate and dichloromethane yields 3-21b (32 mg, 9%, 2 steps); .mp: 226.5-227.0 °C; *H-NMR (400 MHz, CDCls)
6 8.80 (d, J = 9.2 Hz, 1H), 7.76-7.83 (m, 3H), 7.51-7.59 (m, 4H), 7.46 (t, J = 7.4 Hz, 1H), 7.35 (t, J = 7.8 Hz, 1H),
7.31 (t, J = 7.8 Hz, 1H), 2.0-3.8 (m, 10H); *C-NMR (100MHz, CDCl;) § 137.6562, 134.6051, 131.9908, 131.4749,
130.7651, 130.6472, 129.7893, 129.3382, 129.1234, 126.0477, 125.4407, 125.3460, 124.4284, 118.0975,
112.6429, 84.7546, 83.3673; Anal. Calcd. For Ci9B1oH2:N: C, 61.43 ; H,5.70 ; N,3.77. FOUND C, 61.16 ;H, 5.74 ;

N,3.72. : HRMS m/z calcd. for C19B10H>:N Na (M+Na) 396.2500; found .396.2493.

Synthesis of compound 3-23a: To a solution of p-carborane (497 mg, 3.45 mmol) in 1,2-dimethoxyethane
(3.5ml) was added dropwise a 1.63 M solution of n-Buli in hexane 3.0 ml, 4.89 mmol) at 0 °C under Ar
atmosphere. The mixture was stirred for 20 min at room temperature and CuCl (510 mg, 5.15 mmol) was added
in one potion at 0 °C. Stirring was continued at room temperature for 1lh. Pyridine (1.2 ml) and
2-iodonaphthalene (1g, 3.94 mmol) was added in one portion, and the mixture was heated 80 °C for 5.5 h.
After cooling, the reaction mixture was diluted with Et,0 and stirred at room temperature for 20 min. Insoluble
solids were filtered off throught Celite, and the filtrate was washed with 5% Na,S,03, sat NH4Cl and brine, dried
over Na;SOs4, and then concentrated. The residue was purified by column chromatography on silica gel with
n-hexane yields mixture of 65 and 2-lodonaphthalene as a colorless powder (720 mg). To a solution of the
mixture of 65 and 2-lodonaphtalene (148 mg) in 1,2-dimethoxyethane (0.5 ml) was added dropwise a 1.63 M

solution of n-BuLi in hexane, (0.54 ml, 0.88 mmol) at 0 °C under Ar atmosphere. The mixture was stirred for 20
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min at 0°C and CuCl (109 mg, 1.10 mmol) was added in one potion at 0 °C. Stirring was continued at room
temperature for 1h. Pyridine (0.2 ml) and 4-lodobenzonitrile (302 mg, 1.32 mmol) was added in one portion,
and the mixture was heated 80 °C for 6h. After cooling, the reaction mixture was diluted with Et,O and stirred
at room temperature for 20 min. Insoluble solids were filtered off throught Celite, and the filtrate was washed
with 5% Na,S;03, sat NH4Cl and brine, dried over Na,SO,, and then concentrated. The residue was purified by
column chromatography on silica gel with n-hexane containing ethyl acetate (0-5%) recycle-GPC and
recrystallization from hexane, ethyl acetate and chloroform yields yields 3-23a as a colorless solid. (17 mg,
21%, 2 steps) ; .mp: 254-255 °C; 'H-NMR (500 MHz, CDCl3) § 7.75-7.78 (m, 2H), 7.71 (d, J = 1.7 Hz, 1H), 7.68 (d,
J=7.3Hz, 1H), 7.51 (dt, J = 7.2, 1.7 Hz, 2H), 7.46-7.49 (m, 2H), 7.38 (dt, J = 7.2, 1.6 Hz, 1H), 7.33 (dd, /= 7.3, 1.8
Hz, 1H), 2.1-3.3 (m, 11H) , *C-NMR (125MHz, CDCl5) 6 141.0051, 132.2644, 132.8273, 132.4944, 131.9243,
128.3280, 128.0801, 127.8911, 127.3484, 126.9062, 126.7220, 126.5271, 124.6312, 118.0132, 112.5917,
84.1581, 81.0244.; Anal. Calcd. For C19B1oH2:N: C, 61.43 ; H,5.70 ; N,3.77. FOUND C, 61.51 ;H, 5.62 ; N,3.68. :

HRMS m/z calcd. for C19B1oH21N Na (M+Na) 396.2500; found .396.2495.

Synthesis of compound 3-23b: To a solution of p-carborane (497 mg, 3.45 mmol) in 1,2-dimethoxyethane
(3.5ml) was added dropwise a 1.63 M solution of n-BulLi in hexane 3.0 ml, 4.89 mmol) at 0 °C under Ar
atmosphere. The mixture was stirred for 20 min at room temperature and CuCl (510 mg, 5.15 mmol) was added
in one potion at 0 °C. Stirring was continued at room temperature for 1h. Pyridine (1.2 ml) and 2-
iodonaphthalene (1g, 3.94 mmol) was added in one portion, and the mixture was heated 80 °C for 5.5 h. After
cooling, the reaction mixture was diluted with Et,0 and stirred at room temperature for 20 min. Insoluble solids
were filtered off throught Celite, and the filtrate was washed with 5% Na,S,0s, sat NH4Cl and brine, dried over
Na;S04, and then concentrated. The residue was purified by column chromatography on silica gel with
n-hexane yields mixture of 3-22 and 2-lodonaphthalene as a colorless powder (720 mg). To a solution of the
mixture of 65 and 2-lodonaphtalene (153mg) in 1,2-dimethoxyethane (0.5 ml) was added dropwise a 1.63 M
solution of n-Buli in hexane, (0.55 ml, 0.57 mmol) at0°C under Ar atmosphere. The mixture was stirred for
20 min at 0°C and CuCl (111 mg, 1.12 mmol) was added in one potion at 0 °C. Stirring was continued at room
temperature for 1h. Pyridine (0.2 ml) and 3-lodobenzonitrile (257 mg, 1.12 mmol) was added in one portion,
and the mixture was heated 80 °C for 7h. After cooling, the reaction mixture was diluted with Et,O and stirred
at room temperature for 20 min. Insoluble solids were filtered off throught Celite, and the filtrate was washed
with 5% Na,S;03, sat NH4Cl and brine, dried over Na,SO,, and then concentrated. The residue was purified by
column chromatography on silica gel with n-hexane containing ethyl acetate (0-5%) and preparative TLC yields
3-23b as a colorless solid. (10.1 mg, 3.6%, 2 steps); mp: 213 °C; H-NMR (600 MHz, CDCl3) § 7.75-7.79 (m, 2H),
7.71(d, J=2.1Hz, 1H), 7.68 (d, J = 8.88 Hz, 1H), 7.56 (d, J = 1.38 Hz, 1H), 7.54 (d, J = 7.56, 1H), 7.50 (dd, J = 2.04,

6.18 Hz, 1H), 7.46-7.48 (m, 2H), 7.32-7.35 (m, 2H), 2.1-3.3 (m, 10H), 3C- NMR (150MHz, CDCls) & 137.72,
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133.20, 132.78, 132.45, 131.94, 131.55, 130.83, 129.10, 128.31, 127.87, 127.33, 126.88, 126.69, 126.51, 124.62,
118.10, 112.59, 83.90, 80.54; Anal. Calcd. For CisBioH»1N-1/10H,0: C, 61.14 ; H,5.72 ; N,3.75. FOUND C,

60.93 ;H, 5.43 ; N,3.59. : HRMS m/z calcd. for C19B10H2:N Na (M+Na) 396.2500; found .396.2491.

Synthesis of compound 3-24: To a solution of p-carborane (488 mg, 3.39 mmol) in 1,2-dimethoxyethane (3.5ml)
was added dropwise a 1.63 M solution of n-BuLi in hexane 3.4 ml, 5.54 mmol) at 0 °C under Ar atmosphere.
The mixture was stirred for 15 min at room temperature and CuCl (537 mg, 5.42 mmol) was added in one
potion at 0 °C. Stirring was continued at room temperature for 1h. Pyridine (1.2 ml) and 2- bromoquinoline (1g,
4.81 mmol) was added in one portion, and the mixture was heated 80 °C for 6h. After cooling, the reaction
mixture was diluted with Et,0 and stirred at room temperature for 20 min. Insoluble solids were filtered off
throught Celite, and the filtrate was washed with 5% Na,S,0s, sat NH4Cl and brine, dried over Na,SOs, and then
concentrated. The residue was purified by column chromatography on silica gel with n-hexane yields 3-24 as a
colorless powder (417 mg, 45 %).; *H-NMR (600 MHz, CDCl3) & 8.03 (d, J = 7.56 Hz, 1H), 8.00 (d, J = 8.22 Hz, 1H),
7.73 (d, J = 8.22 Hz, 1H), 7.68 (ddd, J = 8.22, 6.84, 1.38 Hz, 1H), 7.51 (ddd, J = 8.22, 6.84, 1.08 Hz, 1H), 7.33 (d, J
= 8.94 Hz, 1H), 1.7-3.2 (m, 11H).; *C- NMR (150 MHz, CDCls) 6§ 152.99, 146.91, 136.55, 129.92, 129.87, 127.10,

118.55, 87.15, 60.83.

Synthesis of compound 3-26a: To a solution of 3-24 (94.8 mg, 0.35 mmol) in 1,2-dimethoxyethane (0.5 ml) was
added dropwaise a 1.14 M solution of LDA (0.49 ml, 0.56 mmol) at -15 °C under Ar atomosphere. The mixture
was stirred for 25 min at -15 °C  and CuCl (56.1 mg, 0.57 mmol) was added in one potion at -15 °C. Stirring
was continued at 0 °C for 1h and room temperature for 15 min. Pyridine (0.2 ml) and 4-lodobenzonitrile (127.9
mg, 0.56 mmol) was added in one portion, and the mixture was heated 80 °C for 15h. After cooling, the
reaction mixture was diluted with Et,O and stirred at room temperature for 25 min. Insoluble solids were
filtered off throught Celite, and the filtrate was washed with 5% Na,S,0s5, sat. NH4Cl and brine, dried over
Na;S04, and then concentrated. The residue was purified by column chromatography on silica gel with
n-hexane containing ethyl acetate (0-2%) yields 3-26a as a pale yellow solid (8.4 mg, 6.5 %) and recovers 3-24
(49.4 mg, 52%). The compound was recrystallized with hexane-chloroform. 3-26a; colorless prism; mp:
269-270 °C; BC- NMR(150MHz, CDCls) 6152.4543, 146.9789, 141.1591, 136.7255, 131.9107, 130.0383,
129.8977, 128.0659, 127.2868, 127.1848, 127.1678, 118.4930, 118.0301m 112.5686, 84.8069, 81.9711. Anal.
Calcd. For CigB1gH20N;: C, 58.04 ; H,5.41 ; N,7.52. FOUND C, 57.87 ;H, 5.53 ; N,7.42. : HRMS m/z calcd. for

Ci1sB1oH21N; (M+H) 375.2633; found .375.2623.

Synthesis of compound 3-26b: To a solution of 3-24 (99.1 mg, 0.37 mmol) in 1,2-dimethoxyethane (0.5 ml) was

added dropwise a 1.14 M solution of LDA (0.51 ml, 0.58 mmol) at -18 °C under Ar atmosphere. The mixture
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was stirred for 20 min at -15 °C and CuCl (57.8 mg, 0.58 mmol) was added in one potion at -15 °C. Stirring was
continued at 0 °C for 1h and room temperature for 15 min. Pyridine (0.2 ml) and 3-lodobenzonitrile (133.7 mg,
0.58 mmol) was added in one portion, and the mixture was heated 80 °C for 15.5h. After cooling, the reaction
mixture was diluted with Et,0 and stirred at room temperature for 20 min. Insoluble solids were filtered off
throught Celite, and the filtrate was washed with 5% Na,S,0s3, sat. NH4Cl and brine, dried over MgSQO,, and then
concentrated. The residue was purified by column chromatography on silica gel with n-hexane containing ethyl
acetate (1%) and recrystallization from hexane - chloroform yields 3-26b as a colorless solid. (4.4 mg, 3.2 %) mp:
222°C; *H-NMR (600 MHz, CDCl3) & 8.034 (d, J = 7.9 Hz, 1H), 8.028 (d, J = 8.4 Hz, 1H), 7.75 (d J = 8.1 Hz, 1H),
7.70 (dd, J = 6.9, 1.4 Hz, 1H), 7.50-7.57 (m, 4H), 7.35 (d, J = 8.7 Hz, 1H), 7.34 (t, J = 8.1 Hz, 1H), 2.1-3.5 (m,10H).;
13C- NMR (150MHz, CDCl3) 6 152.45, 146.98, 137.94, 136.73, 131.94, 131.55, 130.84, 130.04, 129.91, 129.10,
127.28, 127.20, 127.17, 118.51, 118.11, 112.64, 84.63, 81.57.; Anal. Calcd. For C1gB1oH20N2-1/4CgH14: C, 59.44 ;
H,6.01; N,7.11. FOUND C, 59.73 ; H, 5.78 ; N,7.28.; HRMS m/z calcd. for CigH21N2B1g 375.2633 (M+1); found

375.2619.

Synthesis of compound 3-25: To a solution of 3-24 (96.3 mg, 0.355 mmol) in 1,2-dimethoxyethane (0.5 ml) was
added dropwise a 1.63 M solution of LDA (0.35 ml, 0.57 mmol) at 0 °C under Ar atmosphere. The mixture was
stirred for 20 min at -15 °C and CuCl (56 mg, 0.596 mmol) was added in one potion at 0 °C. Stirring was
continued at 0 °C for 25 min and room temperature for 40 min. Pyridine (0.2 ml) and 3-lodobenzonitrile (130
mg, 0.568 mmol) was added in one portion, and the mixture was heated 80 °C for 6h. After cooling, the
reaction mixture was diluted with Et,O and stirred at room temperature for 20 min. Insoluble solids were
filtered off throught Celite, and the filtrate was washed with 5% Na,S,0s5, sat. NH4Cl and brine, dried over
MgS0,, and then concentrated. The residue was purified by column chromatography on silica gel with n-hexane
containing ethyl acetate (1%) and yields 3-25 as a colorless solid (26 mg, 17%). The compound was
recrystallization from hexane.; mp: 132.5-133.5 °C; H-NMR (500 MHz, CDCl3) & 8.03 (d, J = 7.0 Hz, 1H), 7.94 (d,
J=7.0Hz, 1H), 7.67 (ddd J = 6.9, 5.7, 1.2 Hz, 1H), 7.57 (t, J = 1.4 Hz, 1H), 7.50-7.55 (m, 3H), 7.34 (t, J = 6.5 Hz,
1H), 7.17 (s, 1H), 2.1-3.4 (m, 10H), 3.00 (t, J = 6.5 Hz, 2H), 1.69 (quin, J = 5.3 Hz, 2H), 1.44 (sext, J = 6.3 Hz, 2H),
0.98 (t, J = 6.1 Hz, 3H).; Anal. Calcd. For C;;B10H2sN,-1/8H,0: C, 61.33 ; H,6.61 ; N,6.50. FOUND C, 61.07 ;H,

6.53; N,6.24.; HRMS m/z calcd. for C;oHasN2B10 (M+1) 431.3260; found 431.3244.

Synthesis of compound 3-27: To a solution of p-carborane (498 mg, 3.45 mmol) in 1,2-dimethoxyethane (3.6
ml) was added dropwise a 1.63 M solution of n-BuLi in hexane 3.45 ml, 5.62 mmol) at 0 °C under Ar
atmosphere. The mixture was stirred for 20 min at room temperature and CuCl (52 mg, 0.53 mmol) was added
in one potion at 0 °C. Stirring was continued at room temperature for 1h. Pyridine (0.2 ml) and 1-

bromoisoquinoline (1g, 4.81 mmol) was added in one portion, and the mixture was heated 80 °C for 6h. After
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cooling, the reaction mixture was diluted with Et,0 and stirred at room temperature for 20 min. Insoluble solids
were filtered off throught Celite, and the filtrate was washed with 5% Na,S,03, sat NH4Cl and brine, dried over
Na;S04, and then concentrated. The residue was purified by column chromatography on silica gel with
n-hexane containing ethyl acetate (2 -10 %) and recrystallization from hexane yields 3-27 as a colorless solid
(203 mg, 22 %).; *H-NMR (600 MHz, CDCl3) 6 8.78 (d, J = 8.22 Hz, 1H), 8.38 (d, J = 5.52 Hz, 1H), 7.75 (dd, J = 1.38,
8.22 Hz, 1H), 7.62 (t, J = 7.56 Hz, 1H), 7.58 (ddd, J = 1.74, 7.2, 8.94 Hz, 1H), 7.54 (d, J = 5.52 Hz, 1H), 1.8-3.5 (m,
11H); *C- NMR (150 MHz, CDCls) & 150.52, 140.36, 137.70, 129.49, 127.83, 127.11, 126.78, 124.91, 122.13,

88.37, 63.29.

Synthesis of compound 3-28a: To a solution of 3-27 (138mg, 0.51 mmol) in 1,2-dimethoxyethane (0.75 ml) was
added dropwise a 1.14 M solution of LDA (0.53 ml, 0.60 mmol) at -18 °C under Ar atmosphere. The mixture
was stirred for 25 min at -18 °C, CuCl (64 mg, 0.64 mmol) was added in one potion at -18 °C. Stirring was
continued at -0 °C for 60 min and room temperature for 15 min. Pyridine (0.2 ml) and 4-lodobenzonitrile (138
mg, 0.60 mmol) was added in one portion, and the mixture was heated 80 °C for 16.5 h. After cooling, the
reaction mixture was diluted with Et,O and stirred at room temperature for 30 min. Insoluble solids were
filtered off throught Celite, and the filtrate was washed with 5% Na;S,0s, sat NH4Cl and brine, dried over MgSOsa,
and then concentrated. The residue was purified by column chromatography on silica gel with n-hexane
containing ethyl acetate (0-4%) yields 3-28a (19.4 mg, 13.8 %). The solid was recrystallized with n-hexane -
chloroform to yield 10 mg of colorless prism. mp: 238 °C; *H-NMR (600 MHz, CDCls) 6 8.75 (d, J = 8.5 Hz, 2H),
8.39 (t, J =5.5 Hz, 1H), 7.80 (d, J = 7.9 Hz, 1H), 7.57-7.63 (m, 3H), 7.52 (d, J = 8.4 Hz, 2H), 7.41 (d, J = 8.5 Hz, 2H),
2.0-3.6 (m, 10H); 3C-NMR (150MHz, CDCl;) 6 150.05, 141.07, 140.40, 137.70, 131.90, 129.61, 127.99, 127.92,
127.29, 126.47, 125.01, 122.30, 118.01, 112.58, 85.80, 84.34.; Anal. Calcd. For C1gB10H20N;-1/2H,0: C, 56.67 ;
H,5.55 ; N,7.34. FOUND C, 56.84 ;H, 5.37 ; N,7.37. : HRMS m/z calcd. for CisBioH21N, (M+H) 375.2633;

found .375.2622.

Synthesis of compound 3-28b: To a solution of 3-27 (92.1 mg, 0.34 mmol) in 1,2-dimethoxyethane (0.6 ml) was
added dropwise a 1.14 M solution of LDA (0.48 ml, 0.55 mmol) at -18 °C under Ar atmosphere. The mixture
was stirred for 25 min at -18 °C, CuCl (64 mg, 0.64 mmol) was added in one potion at -18 °C. Stirring was
continued at -0 °C for 60 min and room temperature for 15 min. Pyridine (0.2 ml) and 3-lodobenzonitrile (124
mg, 0.54 mmol) was added in one portion, and the mixture was heated 80 °C for 17 h. After cooling, the
reaction mixture was diluted with Et,O and stirred at room temperature for 20 min. Insoluble solids were
filtered off throught Celite, and the filtrate was washed with 5% Na;S,0s, sat NH4Cl and brine, dried over MgSOsa,
and then concentrated. The residue was purified by column chromatography on silica gel with n-hexane

containing ethyl acetate (0-2%) yields 3-28b as a colorless solid (14.2 mg, 11.2 %). The solid was recrystallized
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with n-hexane - chloroform to yield 7.8 mg of colorless prism. mp: 226.5-227.0 °C; *H-NMR (600 MHz, CDCls) 6
8.75 (d, J = 8.6 Hz, 1H), 8.40 (d, J = 5.4 Hz, 1H), 7.80 (d, J = 7.9 Hz, 1H), 7.52-7.66 (m, 6H), 7.35 (t, J = 8.1 Hz, 1H),
2.1-3.6 (m, 10H); 3C- NMR (150 MHz, CDCl3) 6 150.06, 140.41, 137.88, 137.72, 131.97, 131.48, 130.77, 129.63,
129.10, 127.93, 127.31, 126.51, 125.04, 122.31, 118.11, 112.64, 85.60, 83.94.; Anal. Calcd. For Ci13B1oH20N,: C,
58.04; H,5.41; N,7.52.  FOUND C, 57.81 ;H, 5.31; N,7.44. : HRMS m/z calcd. for C1gB1gH21N> (M+H) 375.2633;

found .375.2619.

Synthesis of compound 4-7: A5 M aqueous solution of sodium hydroxide (12.5 ml, 62.5 mmol) was added to
DMSO (35 ml) at room temperature under an Ar atmosphere. After 30 min, resorcinol (4.13 g, 37.5 mmol) was
added, and the mixture was stirred at 50°C for 30 min. Then, a solution of 4-fluoronitrobenzene (3.53 g, 25.0
mmol) in DMSO (5 ml) was added slowly to the reaction mixture, and stirring was continued at 50°C for 2.5 h.
The reaction mixture was poured into ice water and filtered. The aqueous layer was acidified with 2 M HCI, and
extracted with ethyl acetate. The organic layer was dried with magnesium sulfate, and evaporated to give 4-7
(3.82 g, 66% ). 'H NMR (600 MHz, CDCl3) § 8.21 (d, J = 9.3 Hz, 2H), 7.28 (t, J = 8.2 Hz, 1H), 7.04 (d, J = 7.1 Hz, 2H),
6.71 (ddd, J = 8.0, 2.3, 0.7 Hz, 1H), 6.66 (ddd, J = 8.2, 2.2, 0.8 Hz, 1H), 6.59 (t, J = 2.3 Hz, 1H), 4.96 (br, 1H), 3C

NMR (150 MHz, CDCls) 6 163.01, 157.17, 155.99, 142.82, 130.98, 125.93, 117.40, 112.63, 112.41, 107.87.

Synthesis of compound 4-8: A mixture of 4-7 (2.31 g, 10 mmol) and 10% palladium on carbon (234 mg) in
methanol (100 ml) was stirred under a hydrogen atmosphere for 2 h. The reaction mixture was filtered over
Celite, and the filtrate was evaporated. The residue was purified by silica-gel column chromatography
(hexane/ethyl acetate 1:1) to afford 4-8 (1.93 g, 96 %). *H NMR (600 MHz, CD;0D) § 7.09 (t, J = 8.2 Hz, 1H), 6.84
(d, J=8.6 Hz, 2H), 6.76 (d, J = 9.8 Hz, 2H), 6.46 (dt, J = 8.0, 1.3 Hz, 1H), 6.38 (dt, J = 8.7, 1.0 Hz, 1H), 6.34 (td, J =
0.5, 2.2 Hz, 1H), **C NMR (150 MHz, CD;0D) & 162.04, 160.09, 150.02, 145.31, 131.24, 122.32, 118.02, 110.42,
109.52, 105.58.

Synthesis of compound 4-2a: 4-8 (101 mg, 0.50 mmol) was added to a solution of o-anisoyl chloride (271 mg,
1.59 mmol) in tetrahydrofuran (15 ml). The mixture was stirred at room temperature for 30min, and poured
into water, and extracted with ethyl acetate. The organic layer was washed successively with saturated sodium
hydrogen carbonate, 2 M HCI, water, and brine, dried over magnesium sulfate, and evaporated. The residue was
purified by silica gel column chromatography (hexane/ethyl acetate 3:1 to 2:1) to afford 4-2a (130 mg, 77%).
Colorless prisms (methanol); mp 176.2°C; *H NMR (600 MHz, CD;0D) § 7.95 (dd, J = 7.8, 1.8 Hz, 1H), 7.70 (dd, J
=6.6, 1.8 Hz, 2H), 7.57 (td, J = 8.9, 1.7 Hz, 1H), 7.23 (d, J = 8.4 Hz, 1H), 7.17 (t, /= 8.4 Hz, 1H), 7.14 (t, /= 7.2 Hz,
1H), 7.05 (dd, J = 6.6, 1.8 Hz, 2H), 6.45 (dd, J = 7.8, 1.8 Hz, 1H), 6.57 (dd, J = 8.2, 2.2 Hz, 1H), 6.45 (t, J = 2.1 Hz,
1H), 4.07 (s, 3H); *3C NMR (150 MHz, CD;0D) & 166.87, 160.54, 160.34, 159.15, 155.41, 135.47, 134.52, 132.24,
131.52, 124.43, 123.87, 122.41, 120.81, 113.38, 111.64, 110.76, 107.00, 57.03; HRMS Calcd. for CyH1sNOa4
[M+H]* 336.1230; Found 336.1231.; Anal. Calcd. For CyH17NO4 * 1/8H,0: C, 71.15; H, 5.15; N,4.15. FOUND C,
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71.12; H, 5.20; N, 4.00.

Synthesis of compound 4-2b: 4-8 (101 mg, 0.50 mmol) was added to a solution of m-anisoyl chloride (273 mg,
1.60 mmol) in tetrahydrofuran (15 ml). The mixture was stirred at room temperature for 40min, and poured
into water, and extracted with ethyl acetate. The organic layer was washed successively with saturated sodium
hydrogen carbonate, 2 M HCI, water, and brine, dried over magnesium sulfate, and evaporated. The residue was
purified by silica gel column chromatography (hexane/ethyl acetate 2:1) to afford 4-2b (92 mg). Colorless prisms
(chloroform); mp 112.4°C; *H NMR (600 MHz, CD30D) 6 7.69 (d, J = 8.9 Hz, 2H), 7.53 (m, 2H), 7.44 (t, J = 8.0 Hz,
1H), 7.17 (m, 2H), 7.04 (dt, J = 8.9, 2.0 Hz, 2H), 6.57 (dd, J = 8.2, 1.7 Hz, 1H), 6.48 (dd, J = 8.2, 1.9 Hz, 1H), 6.46 (t,
J = 7.3 Hz, 1H), 3.89 (s, 3H); **C NMR (150 MHz, CD;0D) & 168.90, 161.64, 160.48, 160.30, 155.52, 137.87,
135.56, 131.52, 130.99, 124.43, 120.98, 120.67, 119.00, 114.25, 111.65, 110.80, 107.03, 56.24; HRMS Calcd. for
Ca0H1sNO4 [M+H]* 336.1230; Found 336.1234. ; Anal. Calcd. For CyH17NOa: C, 71.63; H, 5.11; N, 4.18. FOUND C,
71.36; H, 5.08; N, 4.23.

Synthesis of compound 4-2c: 4-8 (103 mg, 0.51 mmol) was added to a solution of p-anisoyl chloride (276 mg,
1.62 mmol) in tetrahydrofuran (15 ml). The mixture was stirred at room temperature for 40min, and poured
into water, and extracted with ethyl acetate. The organic layer was washed successively with saturated sodium
hydrogen carbonate, 2 M HCI, water, and brine, dried over magnesium sulfate, and evaporated. The residue was
washed with dichloromethane to afford 4-2c (132 mg). Colorless prisms (chloroform/ethyl acetate); mp
183.3°C; 'H NMR (600 MHz, CDs0D) 6 7.96 (d, J = 8.4 Hz, 2H), 7.68 (d, J = 9.0 Hz, 2H), 7.17 (t, J = 7.8 Hz, 1H),
7.07 (d, J = 8.4 Hz, 2H), 7.04 (d, J = 8.4 Hz, 2H), 6.56 (dd, J = 8.1, 2.2 Hz, 1H), 6.48 (dd, J = 8.0, 2.2 Hz, 1H), 6.45 (t,
J = 1.6, Hz 1H), 3.91 (s, 3H); **C NMR (150 MHz, CD;0D) & 168.69, 164.48, 160.56, 160.31, 115.36, 135.79,
131.51, 130.81, 128.49, 124.42, 120.71, 115.16, 111.62, 110.76, 106.99, 56.30; HRMS Calcd. for CyH1sNO4
[M+H]* 336.1230; found 336.1236.; Anal. Calcd. For C;0H17NO4 * 1/6H,0: C, 71.00 ;H, 5.16 ; N,4.14. FOUND C,
71.01; H, 5.10; N, 4.08.

Synthesis of compound 4-2d: Oxalyl chloride (125 ul, 1.46 mmol) was added to a solution of
o-dimethylaminobenzoic acid (82 mg, 0.49 mmol) and a drop of N,N-dimethylformamide in dichloromethane at
0°C and stirred at room temperature. After 30 min, the reaction mixture was evaporated and dissolved in
tetrahydrofuran (5 ml). 4-8 (100mg, 0.50 mmol) was added to this solution and stirred at room temperature.
After 3 hour, the reaction was quenched with aqueous 5% potassium hydrogen sulfate and diluted with ethyl
acetate. The organic layer was washed with aqueous saturated sodium hydrogen carbonate, water and brine,
dried with magnesium sulfate, and evaporated. The crude product was purified by silica gel; column
chromatography (chloroform /ethyl acetate 7:1) and 124 mg of 4-2d was obtained. The compound was
recrystallized with dichloromethane/n-hexane. Pale brown prisms (methylene chloride/hexane); mp 103.7°C; H

NMR (600 MHz, CDs0D) & 8.01 (d, J = 7.8 Hz, 1H), 7.71 (d, J = 8.4 Hz, 2H), 7.55 (t, J = 8.4 Hz, 1H), 7.41(d, J = 8.4
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Hz, 1H), 7.25 (t, J = 7.2 Hz, 1H), 7.17 (t, J = 8.4 Hz, 1H), 7.06 (d, J = 8.4 Hz, 2H), 6.57 (dd, J = 8.4, 1.2 Hz, 1H), 6.46
(dd, J = 8.4, 1.2 Hz, 1H), 6.45 (t, J = 2.1 Hz, 1H), 2.88 (s, 6H); *C NMR (150 MHz, CD;OD) & 167.66, 160.57,
160.32, 155.16, 154.02, 135.74, 133.90, 131.97, 131.54, 128.85, 125.14, 123.33, 121.52, 121.01, 111.55, 110.64,
106.87, 45.52; HRMS Calcd. for Cy1H21N203 [M+H]* 349.1547; found 349.1536.; Anal. Calcd. For Co1HaoN,Os: C,

72.40;H,5.79; N,8.04. FOUND C, 72.32 ; H,5.68 ; N,7.91.

Synthesis of compound 4-2e: Oxalyl chloride (195 pl, 2.28 mmol) was added to a solution of
m-dimethylaminobenzoic acid (125 mg, 0.75 mmol) and a drop of N,N-dimethylformamide in dichloromethane
at 0°C and stirred at room temperature. After 30 min, the reaction mixture was evaporated and dissolved in
tetrahydrofuran (5 ml) and acetonitrile(3ml). 4-8 (100mg, 0.50 mmol) was added to this solution and stirred at
room temperature. After 2 hours, the reaction was quenched with aqueous 5% potassium hydrogen sulfate and
diluted with ethyl acetate. The organic layer was washed with aqueous saturated sodium hydrogen carbonate,
water and brine, dried with magnesium sulfate, and evaporated. The crude product was purified by silica gel;
column chromatography (chloroform /ethyl acetate 4/1) and 20 mg of 4-2e was obtained. The compound was
recrystallized with chloroform. Pale yellow prisms (Chloroform); mp 171.0°C; *H NMR (600 MHz, CDs0D) § 7.69
(d, J=8.6 Hz, 2H), 7.37, (t,J = 9.0 Hz, 1H), 7.34 (s, 1H), 7.28 (d, / = 6.9 Hz, 1H), 7.17 (t, / = 8.2 Hz, 1H), 7.04 (d, J =
8.4 Hz, 2H), 7.02 (d, /= 9.7 Hz, 1H), 6.57 (dd, J = 8.2, 1.7 Hz, 1H), 6.48 (dd, J = 8.2, 1.7 Hz, 1H), 6.45 (t, J = 2.2 Hz,
1H), 3.05 (s, 6H); *3C NMR (150 MHz, CD;0D) & 170.02, 160.52, 160.32, 155.38, 152.46, 137.16, 135.72, 131.54,
130.54, 124.42, 120.70, 117.43, 116.90, 113.05, 111.58, 110.71, 106.91, 41.18; HRMS Calcd. for C,1H>1N>0;
[M+H]* 349.1547; found 349.1543. Anal. Calcd. For C,1H2N,05 * 1/4H,0: C, 71.47 ;H, 5.86 ; N,7.94. FOUND C,

71.50; H,5.64 ; N,7.75.

Synthesis of compound 4-2f: Oxalyl chloride (125 ul, 1.46 mmol) was added to a solution of
p-dimethylaminobenzoic acid (82 mg, 0.49 mmol) and a drop of N,N-dimethylformamide in dichloromethane at
0°C and stirred at room temperature. After 30 min, the reaction mixture was evaporated and dissolved in
tetrahydrofuran (5 ml). 4-8 (101mg, 0.50 mmol) was added to this solution and stirred at room temperature.
After 2 hours, the reaction was quenched with aqueous 5% potassium hydrogen sulfate and diluted with ethyl
acetate. The organic layer was washed with aqueous saturated sodium hydrogen carbonate, water and brine,
dried with magnesium sulfate, and evaporated. The crude product was purified by silica gel; column
chromatography (chloroform /ethyl acetate 4/1) and 48 mg of 4-2f was obtained. The compound was
recrystallized with chloroform. Pale yellow prisms (Chloroform); mp 163.9°C; *H NMR (600 MHz, CD;0D) § 7.88
(dt,J=7.0, 2.0 Hz, 2H), 7.66 (dt, J = 6.8, 2.2 Hz, 2H), 7.16 (t, J = 8.4 Hz, 1H), 7.03 (dt, J = 7.0, 2.0 Hz, 2H), 6.82 (dt,
J=7.0,2.0 Hz, 2H), 6.56 (ddd, J= 8.2, 2.3, 0.7 Hz, 1H), 6.48 (ddd, J= 8.0, 2.3, 0.7 Hz, 1H), 6.45 (t, J/ = 2.3 Hz, 1H),

3.10 (s, 6H) ; *C NMR (150 MHz, CD;0D) & 169.26, 160.65, 160.27, 155.09, 154.84, 136.09, 131.50, 130.45,
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124.39, 122.55, 120.73, 112.52, 111.54, 110.71, 106.91, 40.53; HRMS Calcd. for C1H,1N,03 [M+H]* 349.1547;
found 349.1547.; Anal. Calcd. For Co;:Hy0N20s * 1/4H,0: C, 71.47 ;H, 5.86 ; N,7.94. FOUND C, 71.22 ; H,5.61 ;

N,7.88.

Synthesis of compound 4-13: A mixture of p-(benzyloxy)phenol (220 mg, 1.10 mmol), m-fluoronitrobenzen (149
mg, 1.05 mmol), and potassium carbonate (173 mg, 1.25 mmol) in DMF (1.5 ml) was stirred at 150°C for 3 h,
and at 80°C for 24 h. After cooling to room temperature, 1 M HCl were added to the mixture, extracted with
ethyl acetate. The organic layer was dried with sodium sulfate, and evaporated. The residue was purified by
silica gel column chromatography (hexane/ethyl acetate 19:1) to afford 4-13 (237 mg, 70% yield). *H NMR (600
MHz, CDCls) 6 7.89 (ddd, J = 7.8, 2.4, 0.6 Hz, 1H), 7.72 (t, J = 2.4 Hz, 1H), 7.43 (m, 5H), 7.35 (t, J = 5.4 Hz, 1H),
7.28 (ddd, J = 8.4, 2.4, 0.6 Hz, 1H), 7.01 (s, 4H), 5.08 (s, 2H).

Synthesis of compound 4-14: A mixture of 4-13 (160 mg, 0.5 mmol) and palladium hydroxide on carbon (17 mg)
in tetrahydrofuran (5 ml) and methanol (5 ml) was stirred under hydrogen atmosphere for 18 h. The reaction
mixture was filtered over celite, and the filtrate was evaporated to afford 4-14 (106 mg, quant) as pale brown
oil. 'H NMR (600 MHz, CDs0D) & 7.05 (t, J = 8.4 Hz, 1H), 6.88 (dt, J = 9.0, 2.4 Hz, 2H), 6.80 (dt, J = 9.0, 2.4 Hz, 2H),
6.46 (ddd, J = 7.8, 1.8, 0.6 Hz, 1H), 6.53 (t, J = 2.4 Hz, 1H), 6.29 (ddd, J = 8.4, 2.4, 0.6 Hz, 1H).

Synthesis of compound 4-3a: 4-14 (89 mg, 0.44 mmol) was added to a soluion of o-anisoyl chloride (228 mg,
1.34 mmol) in tetrahydrofuran (15 ml). The mixture was stirred at room temperature for 30 min, and poured
into water, and extracted with ethyl acetate. The organic layer was washed successively with saturated sodium
hydrogen carbonate, 2 M HCI, water, and brine, dried over magnesium sulfate, and evaporated. The residue was
purified by silica gel column chromatography (chloroform/ethyl acetate 4:1) to afford 4-3a (63 mg, 43%).
Colorless prism (chloroform/ethyl acetate); mp 189.4°C; *H NMR (600 MHz, CDs;0D) § 7.89 (dd, J= 7.7, 1.6 Hz,
1H), 7.56 (td, J = 7.8, 1.6 Hz, 1H), 7.48 (t, J = 1.0 Hz, 1H), 7.29 (m, 2H), 7.21 (d, J = 8.4 Hz, 1H), 7.12 (t, J = 7.4 Hz,
1H), 6.94 (dt, J = 8.9, 2.2 Hz, 2H), 6.84 (dt, J = 8.8, 2.1 Hz, 2H), 6.70 (m, 1H), 4.04 (s, 3H); **C NMR (150 MHz,
CD;0D) 6 167.01, 161.06, 159.09, 155.34, 150.72, 141.26, 134.52, 132.17, 131.04, 124.54, 122.40, 122.34,
117.55, 115.85, 114.51, 113.38, 111.33, 57.02; HRMS Calcd. for C;0H1sNO4 [M+H]*336.1230; found 336.1226.;
Anal. Calcd. For CyH17NO,4 + 1/4H,0: C, 70.68 ;H, 5.19 ; N,4.12. FOUND C, 70.80 ; H,5.06 ; N,4.06.

Synthesis of compound 4-3c: 4-14 (103 mg, 0.52 mmol) was added to a soluion of p-anisoyl chloride (262 mg,
1.54 mmol) in tetrahydrofuran (15 ml) and stirred at room temperature. After 1 hour, the reaction was
quenched with water and diluted with ethyl acetate. The organic layer was washed with aqueous saturated
sodium hydrogen carbonate, aqueous 2M HCI, water and brine, dried with magnesium sulfate, and evaporated.
The crude product was purified by silica gel; column chromatography (n-hexane /ethyl acetate 3/2) and 122 mg

of 4-3c was obtained. The compound was recrystallized with ethyl acetate. Colorless prisms (ethyl acetate); mp
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163.6°C; 'H NMR (600 MHz, CD;0OD) & 7.92 (d, J = 8.9 Hz, 2H), 7.40 (t, J = 2.2 Hz, 1H), 7.37 (ddd, J = 7.9, 1.7, 0.7
Hz, 1H), 7.29 (t, J = 8.1 Hz, 1H), 7.05 (d, J = 8.9 Hz, 2H), 6.94 (d, J = 8.9 Hz, 2H), 6.83 (d, J = 8.9 Hz, 2H), 6.71 (ddd,
J=8.1, 2.3, 0.8 Hz, 1H), 3.90 (s, 3H); 3C NMR (150 MHz, CD;0OD) & 168.75, 164.50, 160.99, 155.33, 150.70,
141.68, 130.90, 130.85, 128.50, 122.39, 117.54, 116.26, 115.12, 114.46, 111.58, 56.27; HRMS Calcd. for
CaoH1eNO4 [M+H]* 336.1230; found 336.1224. ; Anal. Calcd. For CaoHi7NO4: C, 71.63 ;H, 5.11 ; N,4.18. FOUND C,

71.53;H,5.10; N,4.11.

Synthesis of compound 4-3d: Oxalyl chloride (125 ul, 1.46 mmol) was added to a solution of
o-dimethylaminobenzoic acid (81 mg, 0.49 mmol) and a drop of N,N-dimethylformamide in dichloromethane at
0°C and stirred at room temperature. After 30 min, the reaction mixture was evaporated and dissolved in
tetrahydrofuran (5 ml). 4-14 (100mg, 0.50 mmol) was added to this solution and stirred at room temperature.
After 1 hour, the reaction was quenched with aqueous 5% potassium hydrogen sulfate and diluted with ethyl
acetate. The organic layer was washed with aqueous saturated sodium hydrogen carbonate, water and brine,
dried with magnesium sulfate, and evaporated. The crude product was washed with dichloromethane and
57mg of 4-3d was obtained. The compound was recrystallized with methanol/ ethyl acetate. Pale brown prisms
(methanol/ ethyl acetate); mp 196.4°C; *H NMR (600 MHz, CDsOD) & 7.96 (dd, J = 7.9, 1.5 Hz, 1H), 7.54 (td, J =
8.6, 1.6 Hz, 1H), 7.48 (t, J = 2.0 Hz, 1H), 7.40 (d, J = 8.1 Hz, 1H), 7.31 (m, 1H), 7.24 (m, 2H), 6.95 (d, J = 8.9 Hz,
2H), 6.84 (d, J = 8.8 Hz, 2H), 6.69 (dd, J = 8.2, 2.2 Hz, 1H), 2.85 (s, 6H); *C NMR (150 MHz, DMSO-ds) 6 165.56,
159.33, 154.43, 151.62, 148.22, 141.14, 131.98, 130.34, 128.02, 121.99, 121.60, 119.20, 116.75, 113.87, 112.27,
108.67, 44.30; HRMS Calcd. for C21H,1N,03 [M+H]* 349.1547; found 349.1544. ; Anal. Calcd. For C21Hy0N,03

1/8H,0: C, 71.93 ;H, 5.82; N,7.99. FOUND C, 71.94 ; H,5.69 ; N,7.96.

Synthesis of compound 4-3f: Oxalyl chloride (125 pl, 1.46 mmol) was added to a solution of
p-dimethylaminobenzoic acid (82 mg, 0.49 mmol) and a drop of N,N-dimethylformamide in dichloromethane at
0°C and stirred at room temperature. After 30 min, the reaction mixture was evaporated and dissolved in
tetrahydrofuran (5 ml). 4-14 (101mg, 0.50 mmol) was added to this solution and stirred at room temperature.
After 1 hour, the reaction was quenched with aqueous 5% potassium hydrogen sulfate and diluted with ethyl
acetate. The organic layer was washed with aqueous saturated sodium hydrogen carbonate, water and brine,
dried with magnesium sulfate, and evaporated. The crude product was purified by silica gel; column
chromatography (n-hexane /ethyl acetate 3/2) and 44 mg of 4-3f was obtained. The compound was
recrystallized with ethyl acetate. Pale yellow prisms (ethyl acetate); mp 205.8°C; *H NMR (600 MHz, CD;0D) 6
7.87 (d, J = 8.9 Hz, 2H), 7.43 (t, J = 2.2 Hz, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.31 (t, J = 8.2 Hz, 1H), 6.97 (d, / = 8.9 Hz,
2H), 6.86 (d, J = 8.9 Hz, 2H), 6.83 (d, J = 9.0 Hz, 2H), 6.71 (dd, J = 8.1, 2.0 Hz, 1H), 3.10 (s, 6H); **C NMR (150 MHz,

CD30D) &6 169.29, 160.93, 155.27, 154.86, 150.78, 141.97, 130.83, 130.50, 122.55, 122.35, 117.53, 116.26,
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114.17, 112.47, 111.60, 40.50; HRMS Calcd. for C51H21N203 [M+H]* 349.1547; found 349.1544. ; Anal. Calcd. For

C21H20N203: C, 72.40 ;H, 5.79 ; N,8.04. FOUND C, 72.34 ; H,6.03 ; N,8.03.

Synthesis of compound 4-15: A solution of copper (l1) sulfate:5H,0 (267 mg, 1.07 mmol) in methanol (4 ml) was
added to a solution of sodium borohydride (111 mg, 2.94 mmol) and 4-13 (165 mg, 0.5 mmol) in methylene
chloride (5 ml), and the mixture was stirred at 0°C for 3 h and at room temperature for 2 h. The mixture was
poured into water, and extracted with methylene chloride. The organic layer was washed with water and brine,
dried over sodium sulfate, and evaporated. The residue was dissolved in meyhylene chloride, and 1 M
hydrochloric acid in ether was added to it. The resulting precipitate was collected to afford 4-15 (108 mg, 63 %).
Pale yellow powder; *H NMR (600 MHz, CDs0D) 6 7.43 (d, 2J = 7.6 Hz, 2H), 7.36 (t, J = 6.9 Hz, 2H), 7.29 (t, J= 6.9
Hz, 1H), 7.26 (d, J = 2.0 Hz, 1H), 7.12 (dd, J = 8.9, 2.8 Hz, 1H), 7.01 (dt, J = 9.6, 2.8 Hz, 2H), 6.90 (dt, J = 8.9, 2.0 Hz,
2H), 6.80 (d, J = 8.9 Hz, 1H), 5.06 (s, 2H), 2.32 (s, 3H); *C NMR (150 MHz, CD;0D) 6 158.08, 156.78, 151.44,
138.65, 131.96, 129.52, 128.92, 128.58, 126.62, 126.08, 122.65, 121.20, 119.00, 117.32, 71.50, 16.31.

Synthesis of compound 4-16: m-Anisoyl chloride (161 mg, 0.18 mmol) was added to a solution of 4-15 (103 mg,
0.49 mmol) in pyridine (5 ml). The mixture was stirred at room temperature for 45 min, then poured into water,
and extracted with ethyl acetate. The organic layer was successively washed with saturated sodium hydrogen
carbonate, 2 M hydrochloric acid, water and brine, dried over magnesium sulfate, and evaporated. The residue
was purified by silica gel column chromatography (hexane/ethyl acetate 2:1) to give 4-16 (122 mg, 90%). H
NMR (600 MHz, CDCl5) & 7.74 (br, 1H), 7.44 (d, J = 7.6 Hz, 2H), 7.33-7.41 (m, 7H), 7.29 (t, J = 8.3 Hz, 1H), 7.01
(ddd, J = 7.6, 2.8, 1.4 Hz, 1H), 7.01 (dt, J = 8.9, 2.7 Hz, 2H), 6.97 (dt, J = 9.6, 2.7 Hz, 2H), 6.75 (ddd, J = 8.3, 2.0,
1.4 Hz, 1H), 5.05 (s, 2H), 3.86 (s, 3H); *C NMR (150 MHz, CDCls) 6 165.44, 160.01, 159.15, 155.29, 149.99,
139.13, 136.97, 136.33, 130.06, 129.80, 128.60, 128.00, 127.53, 121.01, 118.58, 118.12, 115.9597, 114.08,
113.73, 112.46, 109.35, 70.52, 55.50.

Synthesis of compound 4-3b: A mixture of 4-16 (74 mg, 0.17 mmol) and palladium hydroxide on carbon (5 mg)
in tetrahydrofuran (5 ml) and methanol (2 ml) was stirred at 45°C under a hydrogen atmosphere for 41 h. The
reaction mixture was filtered over Celite, and the filtrate was evaporated. The residue was purified by silica gel
column chromatography (hexane /ethyl acetate 3:2), followed by recrystallization from chloroform/ethyl
acetate to give 4-3b (33 mg, 57 %). Colorless prisms (chloroform/ethyl acetate); mp 144.6°C; *H NMR (600 MHz,
CD30D) 6 7.50 (t, J = 7.7 Hz, 1H), 7.48 (d, J = 2.1 Hz, 1H), 7.43 (t, / = 8.0 Hz, 1H), 7.42 (d, J = 2.5 Hz, 1H), 7.39 (d, J
= 8.1 Hz, 1H), 7.30 (t, J = 8.2 Hz, 1H), 7.16 (ddd, J = 8.0, 2.2, 0.5 Hz, 1H), 6.94 (d, J = 8.9 Hz, 2H), 6.84 (d, J = 8.9
Hz, 2H), 6.72 (dd, J = 8.1, 1.7 Hz, 1H), 3.89 (s, 3H); *C NMR(150 MHz, CD;0D) & 169.01, 161.64, 161.00, 155.35,
150.67, 141.49, 137.90, 130.97, 130.94, 122.40, 121.03, 119.12, 117.55, 116.30, 114.66, 114.21, 111.63, 56.25;
HRMS Calcd. for C;oH1sNO4 [M+H]* 336.1230; found 336.1226.; Anal. Calcd. For C;0H17NO4 * 1/8H,0: C, 71.15 ;H,
5.15; N,4.15. FOUND C, 71.17 ; H,5.08 ; N,4.16.
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Synthesis of compound 4-17: Oxalyl chloride (385 pl, 4.5 mmol) was added to a solution of
m-dimethylaminobenzoic acid (246 mg, 1.5 mmol) and a drop of N,N-dimethylformamide in dichloromethane
at 0°C and stirred at room temperature. After 30 min, the reaction mixture was evaporated and dissolved in
tetrahydrofuran (10 ml). 4-15 (119 mg, 0.36 mmol) was added to 5ml of this solution and stirred at room
temperature. After 3 hours, the reaction was quenched with aqueous sodium hydrogen carbonate and diluted
with ethyl acetate. The organic layer was washed with aqueous saturated sodium hydrogen carbonate, water
and brine, dried with magnesium sulfate, and evaporated. The crude product was purified by silica gel; column
chromatography (chloroform /ethyl acetate 2:1) and 62 mg of 4-17 was obtained. *H-NMR (400MHz,CDCls) &
8.01 (brs, 1H), 7.50 (d, J = 7.3, 2H), 7.46 (t, J= 6.9, 2H), 7.29-7.42 (m, 5H), 7.10 (d, J = 7.8, 1H), 7.06 (d, J = 9.1,
2H), 7.01 (d, /= 9.2, 2H), 6.91 (dd, J = 8.2, 2.3, 1H), 6.80 (ddd, J = 8.2, 2.3, 0.9, 1H), 5.09 (s, 2H), 3.03 (s, 6H). 13C
NMR (125 MHz, CDCl;) 6 166.4438, 158.9736, 155.2028, 150.5659, 150.1843, 139.4615, 137.0253, 135.7641,
129.8798, 129.2537, 128.5207, 127.9056, 127.4463, 120.8229, 115.9845, 115.8544, 115.7609, 114.2574,

113.5696, 111.5507, 109.6184, 109.4583, 70.5447, 40.5113.

Synthesis of compound 4-3e: 4-17 (62 mg, 0.14 mmol) was dissoled in tetrahydrofuran (6ml) and methanol (2
ml). Palladium Hydroxide on carbon (10 mg) was suspended in the solution and stirred at 45°C under hydrogen
atmosphere. After 47 h, the reaction mixture was filtered through Celite and evaporated. The crude product
was purified by silica gel column chromatography (n-hexane /ethyl acetate 3/2) and recrystallized with ethyl
acetate-chloroform. 15 mg of 4-3e (0.043 mmol, 30 %) was obtained. Colorless prisms; mp 167.2°C; *H NMR
(600 MHz, CDs0D) & 7.43 (t, ) = 1.8 Hz, 1H), 7.38 (d, ) = 7.6 Hz, 1H), 7.34 (t, ) = 7.9 Hz, 1H), 7.30 (t, J = 8.2 Hz, 1H),
7.28 (s, 1H), 7.22 (d, ) = 7.6 Hz, 1H), 6.98 (ddd, J = 8.2, 2.6, 0.5 Hz, 1H), 6.94 (d, ) = 8.9 Hz, 2H), 6.83 (d, J = 8.9 Hz,
2H), 6.72 (ddd, J = 7.4, 2.6, 1.6 Hz, 1H), 3.03 (s, 6H); 3C NMR (150 MHz, CDs0D) 6 170.17, 161.00, 155.37,
152.55, 150.56, 141.62, 137.14, 130.92, 130.48, 122.46, 117.51, 117.32, 116.70, 116.21, 114.46, 112.90, 111.49,
41.06; HRMS Calcd. for C31H21N,03 [M+H]* 349.1547; found 349.1544.; Anal. Calcd. For C21H,0N,03 + 1/8H,0: C,

71.93;H,5.82;N,7.99. FOUNDC, 71.72 ; H,5.72 ; N,7.88.

Synthesis of compound 4-19: O-Monobenzylresorcinol (220 mg, 1.10 mmol) was added to a solution of
m-fluoronitrobenzene (149 mg, 1.05 mmol) and potassium carbonate (173 mg, 1.25 mmol) in DMF (1.5 ml)
under an argon atmosphere, and the mixture was stirred at 150°C for 3 h and at 80°C for 24 h. It was allowed to
cool to room temperature, then poured into 1 M HCI, and extracted with ethyl acetate. The organic layer was
dried over sodium sulfate, and evaporated. The residue was purified by silica gel column chromatography
(hexane/ethyl acetate 19:1) to afford 4-19 (273 mg, 80%). *H NMR (600 MHz, CDCl5) & 7.94 (ddd, J = 8.4, 2.4, 0.6
Hz, 1H), 7.81 (t, J = 2.4 Hz, 1H), 7.48 (t, J = 7.8 Hz, 1H), 7.36 (m, 7H), 6.84 (dd, J = 8.4, 2.4 Hz, 1H), 6.67 (m, 2H),
5.06 (s, 2H).
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Synthesis of compound 4-4a: A mixture of 4-19 (166 mg, 0.5 mmol) and palladium hydroxide on carbon (20 mg)
in THF (5 ml) and methanol (5 ml) was stirred under a hydrogen atmosphere for 14 h. The reaction mixture was
filtered over Celite, and evaporated to give 4-10b (107 mg, quant), which was used for the next reaction
without further purification. 4-10b (115 mg, 0.57 mmol) was added to a solution of o-anisoyl chloride (295 mg,
1.73 mmol) in tetrahydrofuran (15 ml), and the mixture was stirred at room temperature for 30 min, then
poured into water, and extracted with ethyl acetate. The organic layer was washed successively with saturated
sodium hydrogen carbonate, 2 M hydrochloric acid, water and brine, dried over magnesium sulfate, and
evaporated. The residue was washed with dichloromethane to give 4-4a (122 mg, 71%), which was purified by
recrystallization from chloroform. Pale brown prisms (chloroform); mp 166.0°C; *H NMR (600 MHz, CDsOD) 6
7.90 (dd, J = 7.7, 1.7 Hz, 1H), 7.56 (m, 2H), 7.37 (m, 2H), 7.21 (d, J = 8.3 Hz, 1H), 7.18 (t, J = 8.1 Hz, 1H), 6.80
(ddd, J=7.9, 3.3, 1.0 Hz, 1H), 6.59 (ddd, J = 8.3, 2.2, 0.7 Hz, 1H), 6.52 (dd, J = 8.2, 1.7 Hz, 1H), 6.48 (t, J = 2.3 Hz,
1H), 4.04 (s, 3H) ; 1*C NMR (150 MHz, CDs0D) & 167.10, 160.36, 160.01, 159.35, 159.04, 141.42, 134.56, 132.12,
131.57, 131.19, 124.50, 122.34, 116.72, 116.04, 113.27, 112.76, 111.85, 111.14, 107.35, 56.95; HRMS; Calcd.
for C;o0H13sNO4 [M+H]* 336.1230; found 336.1228.; Anal. Calcd. For C20H17NO4 + 1/6H20: C, 71.00 ;H, 5.16 ;
N,4.14. FOUND C, 70.72 ; H,5.09 ; N,4.14.

Synthesis of compound 4-4b: 4-10b (93 mg, 0.46 mmol) was added to a soluion of o-anisoyl chloride (232 mg,
1.36 mmol) in tetrahydrofuran (12 ml) and stirred at room temperature. After 40min, the reaction was
quenched with water and diluted with ethyl acetate. The organic layer was washed with aqueous saturated
sodium hydrogen carbonate, aqueous 2M HCI, water and brine, dried with magnesium sulfate, and evaporated.
The crude product was purified by silica gel; column chromatography (n-hexane /ethyl acetate 6:1) and 100 mg
(0.30 mmol, 65%) of 4-4b was obtained. Pale brown prisms (chloroform); mp 129.5-130.5°C; *H NMR (600 MHz,
CD30D) & 7.40 (m, 5H), 7.33 (m, 1H), 7.13 (m, 2H), 6.77 (dd, J = 8.3, 2.1 Hz, 1H), 6.54 (dd, J = 8.3, 2.7 Hz, 1H),
6.48 (dd, J = 8.2, 2.0 Hz, 1H), 6.44 (s, 1H), 3.85 (s, 3H); **C NMR (150 MHz, CDs0D) & 168.72, 161.30, 160.07,
159.65, 159.03, 141.36, 137.52, 131.29, 130.81, 130.71, 120.73, 118.84, 116.83, 115.83, 113.82, 112.73, 111.58,

110.93, 107.14, 55.90; HRMS Calcd. for C30H1sNO4 [M+H]* 336.1230; found 336.1228.

Synthesis of compound 4-4c: 4-10b (89mg, 0.44 mmol) was added to a soluion of p-anisoyl chloride (225 mg,
1.32 mmol) in tetrahydrofuran (12 ml) and stirred at room temperature. After 30 min, the reaction was
quenched with water and diluted with ethyl acetate. The organic layer was washed with aqueous saturated
sodium hydrogen carbonate, aqueous 2M HCI, water and brine, dried with magnesium sulfate, and evaporated.
The crude product was purified by silica gel; column chromatography (n-hexane /ethyl acetate 3/1) and 52 mg
(0.16 mmol, 35%) of 4-4c was obtained. Pale brown prisms; mp 132-132.5°C; 'H NMR (600 MHz, CDs0D) 6§ 7.89
(dd, J = 6.8, 2.0 Hz, 2H), 7.45 (t, J = 2.0 Hz, 1H), 7.42 (d, J=9.0 Hz, 1H), 7.31 (t, J = 8.2 Hz, 1H), 7.13 (t, J = 8.2 Hz,

1H), 7.01 (d, J = 8.9 Hz, 2H), 6.75 (dd, J = 8.6, 2.7 Hz, 1H), 6.54 (dd, J = 8.6, 2.7 Hz, 1H), 6.48 (dd, J = 8.3, 2.1 Hz,
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1H), 6.44 (t, J = 2.4 Hz, 1H), 3.86 (s, 3H); 1*C NMR (150 MHz, CD;0D) 6 168.76, 164.51, 160.34, 159.97, 159.30,
141.84, 131.59, 131.08, 130.91, 128.36, 117.11, 115.94, 115.11, 113.01, 111.85, 111.22, 107.43, 56.27; HRMS

Calcd. for Cy0H1sNO4 [M+H]* 336.1230; found 336.1228.

Synthesis of compound 4-4d: Oxalyl chloride (125 ul, 1.46 mmol) was added to a solution of
o-dimethylaminobenzoic acid (82 mg, 0.50 mmol) and a drop of N,N-dimethylformamide in dichloromethane at
0°C and stirred at room temperature. After 30 min, the reaction mixture was evaporated and dissolved in
tetrahydrofuran (7 ml). 4-10b (98 mg, 0.48 mmol) was added to this solution and stirred at room temperature.
After 1.5 hour, the reaction was quenched with aqueous 5% potassium hydrogen sulfate and diluted with ethyl
acetate. The organic layer was washed with aqueous saturated sodium hydrogen carbonate, water and brine,
dried with magnesium sulfate, and evaporated. The crude product was purified by silica gel; column
chromatography (chloroform/ethyl acetate 9:1) and 56 mg of 4-4d was obtained. The compound was
recrystallized with chloroform. Pale yellow prisms (chloroform); mp 164.8°C; 'H NMR (600 MHz, CD;0D) § 7.97
(d, J=7.2 Hz, 1H), 7.58 (s, 1H), 7.55 (t, J = 8.1 Hz, 1H), 7.38 (m, 3H), 7.24 (t, J =7.6 Hz, 1H), 7.19 (t, J = 8.1 Hz, 1H),
6.79 (dt, J = 6. 8, 2.3 Hz, 1H), 6.59 (dd, J = 8.2, 2.3 Hz, 1H), 6.53 (dd, J = 8.2, 2.2 Hz, 1H), 6.49 (t, / = 2.2 Hz, 1H),
2.86 (s, 6H); 3C NMR (150 MHz, CDCl3) & 167.83, 160.38, 159.95, 159.50, 154.02, 141.64, 134.00, 131.99,
131.58, 131.32, 128.78, 125.15, 121.54, 116.33, 115.81, 112.35, 111.90, 111.20, 107.42, 45.50; HRMS Calcd. for
Ca0H1sNO4 [M+H]* 349.1547; found 349.1544.; Anal. Calcd. For C;1H20N203: C, 72.40 ;H, 5.79 ; N, 8.04. FOUND C,

72.19;H,5.91; N,8.02.

Synthesis of compound 4-4e: Oxalyl chloride (193 pl, 2.25 mmol) was added to a solution of
m-dimethylaminobenzoic acid (123 mg, 0.74 mmol) and a drop of N,N-dimethylformamide in dichloromethane
at 0°C and stirred at room temperature. After 30 min, the reaction mixture was evaporated and dissolved in
tetrahydrofuran (5 ml). 4-10b (117mg, 0.58 mmol) was added to this solution and stirred at room temperature.
After 30 min, the reaction was quenched with aqueous 5% potassium hydrogen sulfate and diluted with ethyl
acetate. The organic layer was washed with aqueous saturated sodium hydrogen carbonate, water and brine,
dried with magnesium sulfate, and evaporated. The crude product was purified by silica gel column
chromatography (4:1 chloroform-ethyl acetate) and recrystallized with ethyl acetate. 73 mg of 4-4e was
obtained. Pale brown prisms; mp 179.3°C; *H NMR (600 MHz, CDs0D) & 7.51 (t, J = 2.3 Hz, 1H), 7.47 (ddd, J = 8.2,
1.7, 0.8 Hz, 1H), 7.36 (m. 2H), 7.30 (t, J = 1.9 Hz, 1H), 7.23 (dd, J = 6.9, 1.3 Hz, 1H), 7.18 (t, J = 8.1 Hz, 1H), 6.99
(dd, J=6.9, 1.3 Hz, 1H), 7.18 (t, J = 8.1 Hz, 1H), 6.99 (dd, J = 8.0, 2.6 Hz, 1H), 6.81 (ddd, J = 8.2, 2.3, 0.7 Hz, 1H),
6.58 (ddd, J = 8.2, 2.2, 0.7 Hz, 1H), 6.53 (ddd, J = 8.3, 2.3, 0.7 Hz, 1H), 6.49 (t, J= 2.3 Hz, 1H), 3.04 (s, 6H); 13C
NMR (150 MHz, CDCl3) 6 170.11, 160.27, 159.98, 159.27, 152.56, 141.71, 137.09, 131.54, 131.03, 130.46,

117.36, 117.27, 116.68, 116.07, 113.20, 112.93, 111.89, 111.26, 107.48, 41.04. HRMS Calcd. for C;1H»1N,0s
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[M+H]* 349.1547; found 349.1542.; Anal. Calcd. For Cy1H20N20s: C, 72.40 ;H, 5.79 ; N, 8.04. FOUND C, 72.29 ;

H,5.78 ; N,7.93.

Synthesis of compound 4-4f: Oxalyl chloride (195 pl) was added to a solution of o-dimethylaminobenzoic acid
(125 mg, 0.76 mmol) and a drop of N,N-dimethylformamide in dichloromethane at 0°C and stirred at room
temperature. After 30 min, the reaction mixture was evaporated and dissolved in tetrahydrofuran (2 ml). The
solution of 4-10b (109 mg, 0.54 mmol, THF 5ml) was added to this solution and stirred at room temperature.
After 1.5 hour, the reaction was quenched with aqueous 5% potassium hydrogen sulfate and diluted with ethyl
acetate. The organic layer was washed with aqueous saturated sodium hydrogen carbonate, water and brine,
dried with magnesium sulfate, and evaporated. The crude product was purified by silica gel; column
chromatography (1:1 hexane - ethyl acetate) and preparative TLC (7:1 chloroform-ethyl acetate) 27 mg (0.079
mmol, 15%) of 4-4f was obtained. *H-NMR (500MHz, CDs0D) & 7.85 (dd, J = 7.5, 2.5 Hz, 2H), 7.49 (t, J = 1.0 Hz,
1H), 7.44 (dd, J = 7.0, 1.5 Hz, 1H), 7.33 (quin, J = 2.5 Hz, 1H), 7.18 (t, J= 6.5, 2H), 6.76 (d, J= 7.5, 2H), 6.58 (dd, J=

6.5, 1.5, 1H), 6.52 (dd, J= 7.0, 2.0 Hz, 1H), 6.49 (t, J = 2.0 Hz, 1H), 3.4 (s, 3H);

Synthesis of compound 4-26: m-(benzyloxy)phenol (444 mg, 2.22 mmol) was added to a solution of
4-fluoro-2-nitrotoluene (315 mg, 2.03 mmol) and potassium carbonate (173 mg, 1.25 mmol) in DMF (1.5 ml)
under an argon atmosphere, and the mixture was stirred at 150°C for 25 h. It was allowed to cool to room
temperature, then poured into 1 M HCI, and extracted with ethyl acetate. The organic layer was dried over
sodium sulfate, and evaporated. The residue was purified by silica gel column chromatography (hexane/ethyl
acetate 24:1) to afford 4-26 (70 mg, 10%). *H-NMR (600MHz, CDCl;) § 7.52 (d, J = 2.4 Hz, 1H), 7.34-7.48 (m, 5H),
7.25(d, J = 8.4 Hz, 1H), 7.12 (dd, J = 8.4, 3.0 Hz, 1H), 7.00 (s, 4H), 5.08 (s, 2H), 2.55 (s, 3H). 1*C-NMR (125 MHz,
CDCl3) 6 157.1530, 155.7460, 149.4721, 149.0708, 136.7315, 133.5859, 128.5856, 128.0312, 127.4637,

126.9998, 122.0880, 121.0554, 116.1582, 112.9568, 70.4724, 19.6676.

Synthesis of compound 4-20: A mixture of 4-26 (69 mg, 0.23 mmol) and 10% palladium hydroxide on carbon (8
mg) in tetrahydrofuran (2 ml) and methanol (2 ml) was stirred under a hydrogen atmosphere for 17 h. The
reaction mixture was filtered over Celite, and the filtrate was evaporated to afford 37 mg of 4-27 (0.17 mmol,
84%). 4-27 was added to a solution of m-anisoyl chloride (178 mg, 0.76 mmol) in tetrahydrofuran (5 ml). The
mixture was stirred at room temperature for 1h, and poured into water, and extracted with ethyl acetate. The
organic layer was washed successively with saturated sodium hydrogen carbonate, 1 M HCI, water, and brine,
dried over magnesium sulfate, and evaporated. The residue was washed by dichloromethane to afford 4-20 (38
mg, 62%). 4-20: Pale orange prisms (methanol); mp 189.5-190°C; *H NMR (600 MHz, acetone-ds) & 8.83 (s, 1H),

8.34 (s, 1H), 7.95 (d, J = 8.9 Hz, 1H), 7.34 (dd, J = 11.0, 2.1 Hz, 2H), 7.17 (d, J = 8.2 Hz, 1H), 7.01 (dt, J = 8.9, 2.0



Hz, 2H), 6.89 (dt, J = 9.0, 2.1 Hz, 2H), 6.83 (dt, J = 8.9, 2.7 Hz, 2H), 6.67 (dd, J = 8.3, 2.8 Hz, 1H), 3.86 (s, 3H), 3.28
(s, 3H); 3C NMR (150 MHz, acetone-de) & 165.42, 163.33, 157.84, 154.55, 150.21, 138.73, 131.80, 131.69,
130.18, 128.04, 126.32, 121.54, 116.99, 116.90, 114.90, 114.63, 114.52, 114.44, 55.80, 17.440; HRMS Calcd. for

C21H20NO4 [M+H]* 350.1387; found 350.1384.

Synthesis of compound 4-29: m-(benzyloxy)phenol (446 mg, 2.23 mmol) was added to a solution of
2-fluoro-6-nitrotoluene (317 mg, 2.04 mmol) and potassium carbonate (342 mg, 2.48 mmol) in DMF (3 ml)
under an argon atmosphere, and the mixture was stirred at 150°C for 23 h. It was allowed to cool to room
temperature, then poured into 1 M HCI, and extracted with ethyl acetate. The organic layer was dried over
sodium sulfate, and evaporated. The residue was purified by silica gel column chromatography (hexane/ethyl
acetate 24:1) to afford 4-29 (70 mg, 10%). *H-NMR (600MHz, CDCls) § 7.56 (dd, J = 8.4, 1.2 Hz, 1H), 7.32-7.46 (m,
5H), 7.21 (t, J = 8.4 Hz, 1H), 6.99 (d, J = 9.0 Hz, 1H), 6.98 (d, J = 9.0 Hz, 2H), 9.92 (d, J = 9.0 Hz, 2H), 5.06 (s, 2H),
2.48 (s, 3H). 3C-NMR (125 MHz, CDCl3) & 157.2614, 155.3428, 151.2494, 150.0312, 136.7869, 128.6114,

128.0502, 127.4522, 126.6937, 124.1270, 121.0781, 120.1138, 118.3426, 116.1356, 70.5204, 11.9641.

Synthesis of compound 4-30: A mixture of 4-29 (70 mg, 0.21 mmol) and 10% palladium hydroxide on carbon (8
mg) in tetrahydrofuran (2ml) and methanol (2 ml) was stirred under a hydrogen atmosphere for 19.5 h. The
reaction mixture was filtered over Celite, and the filtrate was evaporated to afford 4-30 (0.17 mmol, 92%).
'H-NMR (600 MHz, CDs0D) & 6.95 (t, J = 8.2 Hz, 1H), 6.73 (s, 4H), 6.63 (d, J = 7.6 Hz, 1H), 6.30 (d, J = 8.3 Hz, 1H),

2.11 (s, 3H).

Synthesis of compound 4-21: 4-30 (52 mg, 0.19 mmol) was added to a solution of m-anisoyl chloride (117 mg,
0.69 mmol) in tetrahydrofuran (5 ml). The mixture was stirred at room temperature for 1h, and poured into
water, and extracted with ethyl acetate. The organic layer was washed successively with saturated sodium
hydrogen carbonate, 1 M HCI, water, and brine, dried over magnesium sulfate, and evaporated. The residue was
washed by dichloromethane to afford 4-21 (46 mg, 68%). 4-21: Pale brown prisms (methanol); mp 203-204°C;
'H NMR (600 MHz, acetone-dg) 6 9.03 (s,1H), 8.01 (dt, J = 9.0, 2.1 Hz, 2H), 7.33 (d, J = 8.2 Hz, 1H), 7.13 (t, /= 8.3
Hz, 1H), 7.04 (dt, J = 9.0, 2.1 Hz, 2H), 6.83 (s, 1H), 6.64 (d, J = 7.5 Hz, 1H), 3.87 (s, 3H), 2.21 (s, 3H); *C NMR (150
MHz, acetone-ds) 6 165.61, 163.32, 157.29, 154.16, 150.90, 139.27, 130.23, 126.87, 121.12, 120.37, 116.97,

116.88, 115.57, 114.45, 55.81, 11.23; HRMS Calcd. for C31H20NO4 [M+H]* 350.1387; found 350.1383.

Synthesis of compound 4-32: P-(benzyloxy)phenol (442 mg, 2.21 mmol) was added to a solution of

2-fluoro-4-nitrotoluene (315 mg, 2.03 mmol) and potassium carbonate (337 mg, 2.44 mmol) in NMP (2 ml)

under an argon atmosphere, and the mixture was stirred at 160°C for 6 h. It was allowed to cool to room

112



temperature, then poured into 1 M HCI, and extracted with ethyl acetate. The organic layer was dried over
sodium sulfate, and evaporated. The residue was purified by silica gel column chromatography (hexane/ethyl
acetate 25:1) to afford 4-32 (71 mg, 11%). *H-NMR (600 MHz, CDs0D) & 7.84 (dd, J = 8.2, 2.1 Hz, 1H), 7.50 (d, J =
2.0 Hz, 1H), 7.46 (d, J = 7.6 Hz, 2H), 7.42 (d, J = 8.2 Hz, 1H), 7.39 (t, J = 7.5 Hz, 2H), 7.33 (t, J = 7.5 Hz, 1H), 7.04

(dt, J = 9.6, 2.7 Hz, 2H), 6.98 (dt, J = 8.9, 2.7 Hz, 2H), 5.09 (s, 2H), 2.42 (s, 3H).

Synthesis of compound 4-33: A mixture of 4-32 (71 mg, 0.21 mmol) and 10% palladium hydroxide on carbon (10
mg) in tetrahydrofuran (2ml) and methanol (2 ml) was stirred under a hydrogen atmosphere for 18 h. The
reaction mixture was filtered over Celite, and the filtrate was evaporated to afford 4-33 (38 mg, 0.18 mmol,
84 %). 'H-NMR (600 MHz, CDs0D) 6 7.12 (d, J = 8.3 Hz, 1H), 6.82 (q, J = 8.9 Hz, 4H), 6.63 (d, J = 6.8 Hz, 1H), 6.39

(s, 1H), 2.21 (s, 3H).

Synthesis of compound 4-22: 4-33 (38 mg, 0.18 mmol) was added to a solution of p-anisoyl chloride (88 mg,
0.52 mmol) in tetrahydrofuran (5 ml). The mixture was stirred at room temperature for 50min, and poured into
water, and extracted with ethyl acetate. The organic layer was washed successively with saturated sodium
hydrogen carbonate, 2M HCI, water, and brine, dried over magnesium sulfate, and evaporated. The residue was
purified by silica gel column chromatography (chloroform /ethyl acetate 10:1) to give 29 mg of 4-22 (0.083
mmol, 47%) was obtained. 4-22: Colorless prisms (chloroform/ethyl acetate); mp 179.0-179.5°C; *H NMR (600
MHz, acetone-ds) 6 9.35 (br, 1H), 8.21 (br, 1H), 7.91 (d, J = 8.3 Hz, 2H), 7.54 (dt, J = 8.2, 2.8 Hz, 1H), 7.29 (t,J =
2.1 Hz, 1H), 7.19 (d, 8.3 Hz, 1H), 6.99 (dt, J = 9.0, 2.7 Hz, 2H), 6.85 (m, 4H), 3.85 (s, 3H), 2.22 (s, 3H); 1*C NMR
(150 MHz, acetone-ds) 6 165.47, 163.21, 157.09, 154.19, 150.64, 139.59, 131.72, 130.09, 128.26, 123.93,
120.66, 116.99, 116.90, 115.26, 114.33, 110.14, 55.76, 15.81; HRMS Calcd. for C31H,0NO, [M+H]* 350.1387;

found 350.1383.

Synthesis of compound 4-35: Sodium hydride (240 mg, 6.0 mmol) was washed with n-hexane twice. A solution
of 4-iodophenol (1.1 g, 5.0 mmol) was added to suspendion of sodium hydride in dry dimethylformamide (10
ml) at room temperature and stirred. After 30 min, benzyl chloride (760 mg, 2.0 mmol) was added at room
temperature. After being stirred for 21 h at room temperature, the reaction was quenched with water, and
extracted with ethyl acetate. The organic layer was washed with water and brine, dried over sodium sulfate,
and filtered. After solvent was removed in vacuo, the residue was purified by silica gel column chromatography
(eluent: n-hexane) and 1.49 g of 4-35 (4.79 mmol, 96%) was obtained. *H-NMR (600 MHz, CDCl5) § 7.55 (dt, J =
8.9, 2.1 Hz, 2H), 7.37-7.42 (m, 4H), 7.33 (t, J = 6.9 Hz, 1H), 6.75 (dt, J = 8.9, 2.1 Hz, 2H), 5.03 (s, 2H) ; 1*C NMR

(150 MHz, CDCls) 6 158.5962, 138.2306, 136.4785, 128.6367, 128.1101, 127.4207, 117.2715, 83.0321, 70.0487.
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Synthesis of compound 4-36: Under argon atmosphere, a solution of copper(l) iodide (4.8 mg, 0.025 mmol),
2-picolinic acid (6.6 mg, 0.054 mmol), aryl iodide 4-35 (152 mg, 0.49 mmol), 5-amino-o-cresol (74 mg, 0.60
mmol) and K3PO4 (212 mg, 1.0 mmol) in dimethylsulfoxide (1 ml) was stirred vigorously for 24 h at 80°C. The
reaction mixture was cooled to room temperature. Ethyl acetate and H,O were added and the mixture was
stirred. The organic layer was separated and the aqueous layer was extracted twice more with ethyl acetate.
Combined organic layer was dried over Na,SO4 and filtered. The filtrate was concentrated and the resulting
residue was purified by silica gel; column chromatography (chloroform /ethyl acetate 3:1) and 100 mg of 4-36
(0.33 mmol, 67 %) was obtained. *H-NMR (600MHz, CDCls) & 7.43 (d, J = 6.8 Hz, 2H), 7.39 (t, J = 7.6 Hz, 2H), 7.32
(t,J=7.5Hz, 1H), 6.98 (d, J = 8.2 Hz, 1H), 6.92 (dt, J = 9.0, 2.8 Hz, 2H), 6.88 (dt, J = 9.6, 2.8 Hz, 2H), 6.36 (dd, J =
8.2, 2.7 Hz, 1H), 6.15 (d, J = 2.1 Hz, 1H), 5.03 (s, 2H), 3.50 (brs, 2H), 2.14 (s, 3H); **C NMR (150 MHz, CDCl3) &
156.3078, 154.3928, 151.1853, 145.5075, 137.0434, 131.6815, 128.5601, 127.9378, 127.4782, 119.3875,

118.6981, 115.7587, 110.0904, 105.4275, 70.5179, 15.3289.

Synthesis of compound 4-37: o-anisoyl chloride (36 mg, 0.21 mmol) was added to solution of 4-36 (22 mg,
0.071 mmol) in pyridine (1.2 ml) and stirred at room temperature for 30 min. Then the reaction was quenched
with water and diluted with ethyl acetate. The organic layer was washed with saturated aqueous solution of a
sodium hydrogen carbonate, aqueous solution of 2M HCI, water and brine, dried with sodium sulfate and
filtered. After solvent was removed in vacuo, the residue was purified by silica gel column chromatography
(eluent: n-hexane/ethyl acetate 3:1) to give 35 mg of 4-37(0.081 mmol) was obtained. *H-NMR (600MHz, CDCls)
69.69 (s, 1H), 8.23 (dd, J = 8.2, 2.0 Hz, 1H), 7.46 (td, J = 8.9, 2.1 Hz, 1H), 7.42-7.44 (m, 2H), 7.38 (t, J = 7.5, 2H),
7.30-7.34 (m, 2H), 7.25 (d, J = 5.5 Hz, 1H), 7.20 (d, J = 8.2 Hz, 1H), 7.10 (t, J = 7.5 Hz, 1H), 6.99 (d, J = 8.2 Hz, 1H),
6.93 (d, J = 8.9 Hz, 2H), 6.90 (d, J = 9.0 Hz, 2H), 5.02 (s, 2H), 3.99 (s, 3H), 2.23 (s, 3H); 3C NMR (150 MHz, CDCl5)
6 163.02, 157.09, 155.39, 154.33, 151.40, 137.31, 137.06, 133.16, 132.43, 131.32, 128.53, 127.90, 127.48,

125.14, 121.63, 121.59, 118.76, 115.84, 115.59, 111.43, 111.21, 70.50, 56.17, 15.79.

Synthesis of compound 4-23: 4-37(35 mg, 0.081 mmol) was dissolved in THF (2 ml). Palladium hydroxide on
carbon (5 mg) was suspended in the THF and stirred under hydrogen atmosphere. After 21 h, the reaction
mixture was filtered through Celite and evaporated. The crude product was recrystallized with methanol and
19.7 mg of 4-23 (0.056 mmol, 70%) was obtained. 4-23: Colorless needles (methanol); mp 190.0-191.5°C; *H
NMR (600 MHz, acetone-ds) 6 9.81 (br, 1H), 8.19 (s, 1H), 7.98 (dd, J = 8.3, 2.1 Hz, 1H), 7.51 (ddd, J = 8.2, 6.9, 1.4
Hz, 1H), 7.48 (d, J = 2.7 Hz, 1H), 7.36 (dd, J = 8.3, 2.1 Hz, 1H), 7.21 (d, J/ = 8.2 Hz, 1H), 7.18 (d, J = 8.2 Hz, 1H), 7.08
(td, J = 7.6, 1.3 Hz, 1H), 6.84 (s, 4H), 4.03 (s, 3H), 2.21 (s, 3H); **C NMR (150 MHz, CD;0D) 6 166.65, 158.68,
157.52, 154.37, 151.23, 138.59, 134.12, 132.17, 131.74, 125.87, 124.25, 122.01, 120.60, 117.16, 116.22, 112.92,

111.51, 56.60, 15.93; HRMS Calcd. for C21H20NO4 [M+H]* 350.1387; found 350.1385.
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Synthesis of compound 4-39: Sodium hydride (240 mg, 6.0 mmol) was washed with n-hexane twice. A solution
of 3-iodophenol (1.1 g, 5.0 mmol) was added to suspendion of sodium hydride in dry dimethylformamide (10
ml) at room temperature and stirred. After 30 min, benzyl chloride (760 mg, 2.0 mmol) was added at room
temperature. After being stirred for 21.5 h at room temperature, the reaction was quenched with water, and
extracted with ethyl acetate. The organic layer was washed with water and brine, dried over sodium sulfate,
and filtered. After solvent was removed in vacuo, the residue was purified by silica gel column chromatography
(eluent: n-hexane) and 1.45 g of 4-39 (4.67 mmol, 94 %) was obtained.; 'H-NMR (600MHz,CDCl5) & 7.35-7.43
(m,4H), 7.33-7.35 (m, 2H), 7.30 (d, J = 7.6 Hz, 1H), 7.00 (t, J=7.5 Hz, 1H), 6.94 (dd, J = 8.3, 2.1 Hz, 1H), 5.03 (s,
2H) ; ¥C NMR (150 MHz, CDCl5) 6§ 159.2951, 136.3731, 130.7910, 130.0921, 128.6367, 128.1484, 127.5069,

124.0217, 114.4661, 94.3399, 70.1253.

Synthesis of compound 4-40: Under argon atmosphere, a solution of copper(l) iodide (5.1 mg, 0.027 mmol),
2-picolinic acid (6.7 mg, 0.054 mmol), aryl iodide 4-39 (152 mg, 0.49 mmol), 5-amino-o-cresol (74 mg, 0.60
mmol) and KsPO4 (212 mg, 1.0 mmol) in dimethylsulfoxide (1 mL) was stirred vigorously for 24 h at 80°C. The
reaction mixture was cooled to room temperature. Ethyl acetate and H,O were added and the mixture was
stirred. The organic layer was separated and the aqueous layer was extracted twice more with ethyl acetate.
Combined organic layer was dried over Na,SO,4 and filtered. The filtrate was concentrated and the resulting
residue was purified by silica gel; column chromatography (4:1 chloroform-ethyl acetate) and 90 mg of 4-40
(0.29 mmol, 60 %) was obtained. ;*"H-NMR (600MHz, CDCl5) 6 7.36-7.42 (m, 4H), 7.31 (t, J = 6.9 Hz, 1H), 7.18 (t, J
= 8.2 Hz, 1H), 7.00 (d, J = 8.3 Hz, 1H), 6.66 (dd, J = 8.3, 2.8 Hz, 1H), 6.54 (t, J = 2.1 Hz, 1H), 6.52 (dd, /= 7.6, 2.1
Hz, 1H), 6.43 (dd, J = 8.2, 2.0 Hz, 1H), 6.28 (d, J = 2.1 Hz, 1H), 5.01 (s, 2H), 2.08 (s, 3H) ; 3C NMR (150 MHz,
CDCl3) 6 160.0228, 159.1132, 154.6705, 145.6511, 136.7657, 131.8443, 129.9963, 128.5601, 127.9761,

127.5739, 119.6939, 111.2681, 109.8510, 108.5106, 107.2371, 104.2115, 70.0296, 15.2428.

Synthesis of compound 4-41: p-anisoyl chloride (70 mg, 0.41 mmol) was added to solution of 4-40 (30 mg, 0.10
mmol) in pyridine (1 ml) and stirred at room temperature for 40 min. Then the reaction was quenched with
water and diluted with ethyl acetate. The organic layer was washed with saturated aqueous solution of a
sodium hydrogen carbonate, aqueous solution of 1M HCI, water and brine, dried with sodium sulfate and
filtered. After solvent was removed in vacuo, the residue was purified by silica gel column chromatography
(eluent: n-hexane/ethyl acetate 3:2 and chloroform/ethyl acetate 4:1) to give 34 mg of 4-41 (0.079 mmol, 80%)
was obtained. *H-NMR (500 MHz, CDs0D) & 7.90 (dt, J = 8.9, 2.1 Hz, 2H), 7.43 (dd, J = 8.2, 2.0 Hz, 1H), 7.33-7.41
(m, 5H), 7.27-7.30 (m, 1H), 7.26 (d, J = 8.4 Hz, 1H), 7.22 (t, J = 8.2 Hz, 1H), 7.02 (dt, J = 8.9, 2.1 Hz, 2H), 6.71 (ddd,
J=8.2,2.2,0.48 Hz, 1H), 6.55 (t, J = 2.34 Hz, 1H), 6.52 (ddd, J = 8.0, 2.2, 0.60 Hz, 1H), 5.04 (s, 2H), 3.87 (s, 3H),
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2.17 (s, 3H); ®C-NMR (125MHz, CD;0OD) & 173.8396, 169.1645, 164.9942, 162.4327, 161.2049, 156.3497,
140.0912, 139.3934, 133.2001, 132.1299, 131.3961, 130.3473, 129.6928, 129.3923, 128.9347, 127.7306,

118.8571, 115.6312, 114.8869, 111.5440, 111.1498, 106.0714, 71.8770, 56.7974, 16.6612.

Synthesis of compound 4-24: A mixture of 4-41 (34 mg, 0.079 mmol) and 10% palladium hydroxide on carbon (5
mg) in tetrahydrofuran (2 ml) was stirred under a hydrogen atmosphere for 24 h. The reaction mixture was
filtered over Celite, and the filtrate was evaporated to afford 4-24 (0.080mmol, quant.). Colorless prism; mp:
202.5-203 °C (ethyl acetate). *H-NMR (600 MHz, CDs0D) § 7.90 (dt, J = 8.9, 2.1 Hz, 2H), 7.43 (dd, J = 8.2, 2.2 Hz,
1H), 7.38 (d, J = 2.1 Hz, 1H), 7.27 (d, J = 8.4 Hz, 1H), 7.13 (t, J = 8.1 Hz, 1H), 7.04 (dt, J = 9.0, 2.1 Hz, 2H), 6.51
(ddd, J=8.1, 2.3, 0.8 Hz, 1H), 6.42 (ddd, J = 8.2, 2.4, 0.9 Hz, 1H), 6.37 (t, J = 2.2 Hz, 1H), 3.88 (s, 3H), 2.21 (s, 3H);

Anal. Calcd. For C21H1sNO4 © 1/4H,0: C, 71.27; H, 5.55; N, 3.96. Found C, 71.48; H, 5.62; N, 3.94.

Synthesis of compound 4-48: An aqueous solution of 5 M sodium hydroxide (2.0 ml, 10 mmol) was added to
DMSO (8 ml) at room temperature under an Ar atmosphere. After 10 min, o-monobenzylhydroquinone (961 mg,
4.8 mmol) was added to it. The mixture was stirred at 50°C for 15 min, then 2-fluoro-5-nitrotoluene (620 mg,
4.0 mmol) was added, and stirring was continued at 50°C for 5.5 h, and at room temperature for 15 h. The
reaction mixture was then poured into ice water and the precipitate was collected by filtration to give 122 (1.04
g, 65%). Yellow powder; *H NMR (600 MHz, CDCl3) & 8.13 (d, J = 2.1 Hz, 1H), 7.96 (dd, J = 8.9, 2.7 Hz, 1H), 7.36
(m, 5H), 7.02 (dt, J = 9.6, 2.8 Hz, 2H), 6.99 (dt, J = 8.9, 2.7 Hz, 2H), 6.69 (d, J = 8.9 Hz, 1H), 5.08 (s, 2H), 2.42 (s,
3H); 3C NMR (150 MHz, CDCls) 6 162.21, 156.04, 148.51, 142.06, 136.67, 128.65, 128.12, 127.48, 126.64,
123.14,121.50, 116.24, 114.47.

Synthesis of compound 4-49: A solution of copper (Il) sulfate-5H,0 (502 mg, 2.0 mmol) in methanol (4 ml) was
added to a solution of sodium borohydride (189 mg, 5.0 mmol) and 4-48 (234 mg, 0.70 mmol) in methylene
chloride (5 ml), and the mixture was stirred at 0°C for 2.5 h. Sodium borohydride (76 mg, 2.0 mmol) was added
to it, and stirring was continued at 0°C for 2 h. Sodium borohydride (76 mg, 2.0 mmol) was added, and the
reaction mixture was stirred at 0°C for 1 h, then poured into water, and extracted with methylene chloride. The
organic layer was washed with water and brine, dried over sodium sulfate, and evaporated. The residue was
dissolved in ether, and 1 M hydrochloric acid in ether was added to the solution. The resulting precipitate was
collected to afford 4-49 (205 mg, 86%). Pale brown powder; *H NMR (600 MHz, CD30D) & 7.43 (d, J = 7.6 Hz, 2H),
7.33 (m, 3H), 7.26 (d, J = 2.0 Hz, 1H), 7.12 (dd, J = 8.9, 2.8 Hz, 1H), 7.01 (dt, J = 9.6, 2.8 Hz, 2H), 6.90 (dt, J = 8.9,
2.0 Hz, 2H), 6.80 (d, J = 8.9 Hz, 1H), 5.06 (s, 2H), 2.33 (s, 3H) ; 3C NMR (150 MHz, CDs0D) & 158.08, 156.78,
151.44, 138.65, 131.96, 129.52, 128.92, 128.58, 126.62, 126.08, 122.65, 121.20, 119.00, 117.32, 71.50, 16.31.

Synthesis of compound 4-50: M-Anisoyl chloride (61 mg, 0.36 mmol) was added to a solution of 4-49 (102 mg,

0.30 mmol) in pyridine (5 ml). The mixture was stirred at room temperature for 30 min, then poured into water,
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and extracted with ethyl acetate. The organic layer was washed successively with saturated sodium hydrogen
carbonate, 1 M hydrochloric acid, water and brine, dried over sodium sulfate, and evaporated to give 4-50 (113
mg, 86%). 'H NMR (600 MHz, CDCl3) § 7.74 (s, 1H), 7.54 (d, J = 2.7 Hz, 1H), 7.39 (m, 8H), 7.08 (dt, J = 6.9, 2.7 Hz,
1H), 6.93 (dt, J = 9.6, 2.7 Hz, 2H), 6.75 (dt, J = 9.0, 2.4 Hz, 2H), 6.56 (d, J = 9.0 Hz, 1H), 5.04 (s, 2H), 3.87 (s, 3H),
2.28 (s, 3H); 3C NMR (150 MHz, CDCl3) & 165.41, 159.97, 154.37, 152.25, 151.58, 137.03, 136.43, 133.14,
130.19, 129.77, 128.57, 127.96, 127.49,123.37, 119.10, 118.77, 118.55, 117.94, 115.85, 112.45, 70.56, 55.48,
16.38.

Synthesis of compound 4-51: Sodium hydride (8.0 mg, 0.30 mmol) was washed with n-hexane twice. A solution
of 4-50 (44 mg, 0.10 mmol) in dry DMF (0.5 ml) was added to a suspension of sodium hydride in dry DMF (0.3
ml) at 0°C, and the mixture was stirred at room temperature for 30 min. lodomethane (43 mg, 0.30 mmol) in
dry DMF (0.3 ml) was added at 0°C, and stirring was continued at room temperature for 30 min. Remaining
iodomethane was removed in vacuo. The residue was poured into water, and extracted with ethyl acetate. The
organic layer was washed with water and brine, dried over sodium sulfate, and evaporated. The residue was
purified by silica gel column chromatography (hexane/ethyl acetate 2:1 to 3:2) to afford 4-51 (38 mg, 86%). H
NMR (600 MHz, CDCl3) & 7.37 (m, 5H), 7.08 (t, J = 7.9 Hz, 1H), 6.95 (br, 1H), 6.90 (m, 3H), 6.86 (br d, J = 7.5 Hz,
1H), 6.80 (m, 3H), 6.75 (br d, J = 7.5 Hz, 1H), 6.61 (d, J = 9.0 Hz, 1H), 5.02 (s, 2H), 3.69 (s, 3H), 3.46 (s, 3H), 2.17
(s, 3H); 3C NMR (150 MHz, CDCl5) & 170.33, 158.85, 154.63, 154.07, 150.82, 139.72, 137.20, 136.90, 129.39,
128.68, 128.55, 127.96, 127.41, 119.21, 118.25, 115.85, 115.81, 70.50, 55.14, 38.51, 16.15.

Synthesis of compound 4-42: A mixture of 4-51 (38 mg, 0.086 mmol) and palladium hydroxide on carbon (5 mg)
in THF (2 ml) was stirred under a hydrogen atmosphere for 21 h. The reaction mixture was filtered over Celite,
and the filtrate was evaporated. The crude product was recrystallized from methanol to give 4-42 (9 mg, 30%).
Colorless prisms (methanol); mp 172-173°C; *H NMR (600 MHz, acetone-de) § 7.12 (t, J = 7.5 Hz, 2H), 6.90 (br
dd, J=9.0, 2.8 Hz, 1H), 6.87 (d, J = 7.6 Hz, 2H), 6.85 (m, 1H), 6.80 (m, 3H), 6.74 (dt, J = 9.0, 2.1 Hz, 2H), 6.60 (d, J
= 8.9 Hz, 1H), 3.66 (s, 3H), 3.37 (s, 3H) , 2.13 (s, 3H); 3C NMR (150 MHz, acetone- ds) 6 170.16, 159.80, 155.29,
154.27,154.17, 150.54, 140.88, 138.99, 130.67, 130.11, 129.47, 126.74, 121.65, 120.35, 118.53, 118.53, 117.00,
115.95, 114.62, 55.45, 38.37, 16.18; HRMS Calcd. for C,1H20NO4 [M+H]* 350.1387; found 350.1384. Anal. Calcd.
For C;2H21NO4 * 1/4H,0: C, 71.82; H, 5.89; N, 3.81. Found C, 71.84; H, 5.84; N, 3.81. ;

Synthesis of compound 4-52: Sodium hydride (8.0 mg, 0.30 mmol) was washed with n-hexane twice. A solution
of 4-16 (44 mg, 0.10 mmol) in dry DMF (0.7 ml) was added to a suspension of sodium hydride in dry DMF (0.3
ml) at 0°C, and the mixture was stirred at room temperature for 30 min. lodomethane (47 mg, 0.33 mmol) was
added at 0°C, and stirring was continued at room temperature for 40 min. Remaining iodomethane was
removed in vacuo, then the residue was poured into water, and extracted with ethyl acetate. The organic layer
was washed with water and brine, dried over sodium sulfate, and evaporated. The residue was purified by silica

gel column chromatography (hexane/ethyl 2:1) to give 4-52 (37 mg, 82%). *H NMR (600 MHz, CDCl3) § 7.44 (d, J
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=6.9 Hz, 2H), 7.4 (t, J = 7.6 Hz, 2H), 7.34 (t, J = 7.6 Hz, 1H), 7.20 (t, J = 8.3 Hz, 1H), 7.06 (t, J = 8.2 Hz, 1H), 6.84 (m,
5H), 6.78 (m, 2H), 6.48 (dt, J = 8.9, 2.1 Hz, 2H), 6.45 (t, J = 2.1 Hz, 1H), 5.04 (s, 2H), 3.67 (s, 3H), 3.45 (s, 3H); 13C
NMR (150 MHz, CDCls) & 170.31, 159.02, 158.62, 155.16, 149.40, 145.99, 137.02, 136.85, 130.09, 128.77,
128.59, 128.01, 127.41, 121.03, 120.47, 120.11, 116.32, 116.22, 115.98, 115.86, 113.36, 70.41, 55.14, 38.09.

Synthesis of compound 4-43a: A mixture of 4-52 (37 mg, 0.085 mmol) and palladium hydroxide on carbon (5
mg) in tetrahydrofuran (2.5 ml) was stirred under a hydrogen atmosphere for 18.5 h. The reaction mixture was
filtered over Celite, and evaporated. The crude product was recrystallized from chloroform to give 4-43a (19 mg,
64%). Colorless prisms (chloroform); mp 160-160.5°C; *H NMR (600 MHz, CDCls) & 7.21 (t, J = 8.3 Hz, 1H), 7.09
(dt, J = 7.5, 1.4 Hz, 1H), 6.84 (m, 3H), 6.78 (m, 2H), 6.72 (dt, J = 9.0, 2.1 Hz, 2H), 6.59 (dt, J = 9.0, 2.1 Hz, 2H),
6.42 (br, 1H), 5.16 (s, 1H), 3.69 (s, 3H), 3.46 (s, 3H); *C NMR (150 MHz, CDCl5) § 170.55, 159.07, 158.84, 152.24,
149.01, 145.89, 136.94, 130.14, 128.82, 121.03, 120.80, 119.97, 116.38, 116.33, 116.15, 115.99, 113.36, 55.19,
38.19; HRMS Calcd. for C21H20NO4 [M+H]* 350.1387; found 350.1385.

Synthesis of compound 4-53: P-anisoyl chloride (30 mg, 0.18 mmol) was added to solution of 4-15 (49 mg, 0.15
mmol) in pyridine (5 ml) and stirred at room temperature. After 40 min, the reaction was quenched with water
and diluted with ethyl acetate. The organic layer was washed with saturated aqueous solution of a sodium
hydrogen carbonate, aqueous solution of 1M HCI, water and brine, dried with sodium sulfate and filtered. After
solvent was removed in vacuo, the residue was purified by silica gel column chromatography (eluent:
n-hexane/ethyl acetate 2:1) and preparative thin-layer chromatography (n-hexane/ethyl acetate 1:1) to give 49
mg of 4-53 (0.11 mmol, 76%) was obtained. *H-NMR (600 MHz, CDCl3) § 8.01 (s, 1H), 7.77 (dt, J = 8.9, 2.0 Hz,
2H), 7.42 (d, J = 8.3 Hz, 1H), 7.38 (td, J = 7.6, 2.4 Hz, 1H), 7.33-7.31 (m, 2H), 7.26 (t, J = 2.4 Hz, 1H), 7.22 (t, ) =
9.0 Hz, 1H), 6.96 (dt, J = 8.9, 2.4 Hz, 2H), 6.92 (dt, J/ = 10.0, 2.4 Hz, 2H), 6.81 (dt, J = 8.9, 2.1 Hz, 2H), 6.70 (ddd, J
= 8.2, 2.8, 1.4 Hz, 1H), 5.00 (s, 2H), 3.81 (s, 3H); 3C-NMR (150MHz, CDCl3) § 165.26, 162.43, 158.98, 155.15,
150.00, 139.40, 136.90, 129.91, 128.91, 128.54, 127.95, 127.48, 126.87, 120.90, 115.85, 114.23, 113.85, 113.43,

109.46, 70.42, 55.39.

Synthesis of compound 4-54: Sodium hydride (8.0 mg, 0.30 mmol) was washed with n-hexane twice. A solution
of 4-53 (44 mg, 0.10 mmol) in dry dimethylformamide (0.6 ml) was added to suspendion of sodium hydride in
dry dimethylformamide (0.3 ml) at 0°C and stirred at room temparature. After 30 min, iodomethane (43 mg,
0.30 mmol) in dry dimethylformamide (0.2 ml) was added at 0°C. After being stirred for 30 min at room
temperature, iodomethane was removed in vacuo. Then the residue was quenched with water, and extracted
with ethyl acetate. The organic layer was washed with water and brine, dried over sodium sulfate, and filtered.
After solvent was removed in vacuo, the residue was purified by silica gel column chromatography (eluent:

n-hexane/ethyl 3:2) and 32 mg of 4-54 (0.072 mmol, 71%) was obtained. *H-NMR (600 MHz, CDCls) 6 7.44-7.34
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(m, 5H), 7.23 (dt, J = 8.9, 2.1 Hz, 2H), 7.19 (t, J = 9.3, 1H), 6.85 (dt, J = 9.7, 2.8 Hz, 2H), 6.80 (dd, J = 6.9, 2.1 Hz,
1H), 6.77 (dd, J = 8.3, 3.4 Hz, 1H), 6.69-6.66 (m, 4H), 6.48 (t, J = 2.1 Hz, 1H), 5.05 (s, 2H), 3.76 (s, 3H), 3.44 (s,
3H) ; 3C-NMR (150 MHz, CDCls) & 170.18, 160.60, 158.57, 155.10, 149.53, 146.53, 136.87, 130.77, 130.07,

128.59, 128.00, 127.86, 127.38, 120.42, 120.28, 116.43, 115.86, 115.71, 112.99, 55.21, 38.30.

Synthesis of compound 4-43b: 4-54 (32 mg, 0.072 mmol) was dissolved in THF (2.5 ml). Palladium hydroxide on
carbon (5 mg) was suspended in the THF and stirred under hydrogen atmosphere. After 17 h, the reaction
mixture was filtered through Celite® and evaporated. After solvent was removed in vacuo, the residue was
purified by silica gel column chromatography (eluent: n-hexane/ethyl 1:1) and recrystallized with
diisopropylether, then 11 mg of 4-43b (0.032 mmol, 45%) was obtained. Colorless needles; mp 107.5-108.5 °C;
'H NMR (600 MHz, CDCls) 6 7.24 (dt, J = 8.9, 2.1 Hz, 2H), 7.21 (t, J = 8.2 Hz, 1H), 6.81 (dd, J = 6.9, 2.1 Hz, 1H),
6.78(ddd, J = 8.3, 2.7, 1.4 Hz, 1H), 6.72 (m, 4H), 6.63 (dt, J = 8.9, 2.1 Hz, 2H), 6.47 (t, J = 2.1 Hz, 1H), 5.34 (br d, J
=10.3 Hz, 1H), 3.79 (s, 3H) , 3.46 (s, 3H); *C NMR (150 MHz, CDCls) 6 170.45, 160.70, 158.80, 152.30, 149.11,
146.39, 130.79, 130.14, 127.74, 120.71, 120.15, 116.37, 116.29, 115.78, 113.08, 55.27, 38.42; HRMS Calcd. for

C21H20NO4 [M+H]* 350.1387; found 350.1383.

Synthesis of compound 4-55: M-methoxybenzenesulfonyl chloride (121 mg, 0.59 mmol) was added to solution
of 4-49 (170 mg, 0.50 mmol) in pyridine (5 ml) and stirred at room temperature. After 1.5 h, the reaction was
qguenched with water and diluted with ethyl acetate. The organic layer was washed with saturated aqueous
solution of a sodium hydrogen carbonate, aqueous solution of 1M HCI, water and brine, dried with sodium
sulfate, and evaporated and 221 mg of 4-55 (0.47 mmol, 94%) was obtained. *H-NMR (600 MHz, CDCls) 6 7.43
(d, J = 6.8 Hz, 2H), 7.39 (t, J = 6.9 Hz, 2H), 7.32-7.37 (m, 3H), 7.22 (brs, 1H), 7.07 (ddd, J = 7.6, 2.7, 1.4 Hz, 1H),
6.95 (d, J = 2.7 Hz, 1H), 6.91 (dt, J = 8.9, 2.7 Hz, 2H), 6.81 (dt, J = 8.9, 2.1 Hz, 2H), 6.78 (dd, J = 8.2, 2.0 Hz, 1H),
6.65 (d, J = 9.0 Hz, 1H), 6.50 (brs, 1H), 5.03 (s, 2H), 3.77 (s, 3H), 2.19 (s, 3H); 3C-NMR (150MHz, CDCl5) &
159.7068, 154.6322, 153.9524, 150.9459, 140.0594, 136.9380, 130.9251, 130.2166, 129.9868, 128.5793,
127.9952, 127.4590, 126.2718, 121.8482, 119.5407, 119.4066, 119.1960, 118.5353, 115.8927, 111.7564,

70.5370, 55.5717, 16.2290.

Synthesis of compound 4-56: Sodium hydride (16 mg, 0.40 mmol) was washed with n-hexane twice. A solution
of 4-55 (95 mg, 0.20 mmol) in dry dimethylformamide (0.5 ml) was added to suspendion of sodium hydride in
dry dimethylformamide (1.4 ml) at 0°C and stirred at room temparature. After 30 min, iodomethane (88 mg,
0.62 mmol) was added at 0°C. After being stirred for 40 min at room temperature, iodomethane was removed
in vacuo. Then the residue was quenched with water, and extracted with ethyl acetate. The organic layer was

washed with water and brine, dried over sodium sulfate, and filtered. After solvent was removed in vacuo, the
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residue was purified by silica gel column chromatography (n-hexane/ethyl acetate 2:1) and 92 mg of 4-55 (0.19
mmol, 94%) was obtained.; *H-NMR (600 MHz, CDCl;) § 7.46 (d, J = 7.6 Hz, 2H), 7.41 (t, J = 7.6 Hz, 2H), 7.39 (d, J
=8.3 Hz, 1H), 7.35 (t, J = 7.6 Hz, 1H), 7.23 (d, J = 8.2 Hz, 1H), 7.13 (dd, J = 8.3, 2.8 Hz, 1H), 7.06 (t, / = 2.0 Hz, 1H),
7.02 (d, J = 2.1 Hz, 1H), 6.97 (dt, J = 8.9, 2.1 Hz, 2H), 6.91 (dt, J = 9.0, 2.1 Hz, 2H), 6.81 (dd, J = 8.9, 2.7 Hz, 2H),
6.69 (d, J = 8.2 Hz, 2H), 5.06 (s, 2H), 3.77 (s, 3H), 3.17 (s, 3H), 2.26 (s, 3H); 3*C-NMR (150 MHz, CDCl5) & 159.4675,
155.1301, 154.7663, 150.5342, 137.5125, 136.8614, 135.9710, 129.8719, 129.6516, 129.2782, 128.5218,
127.9282, 127.4016, 125.1228, 120.0386, 119.6460, 119.2534, 117.3672, 115.8640, 112.3500, 70.4509,

55.4568, 38.4233, 16.1811.

Synthesis of compound 4-45a: 4-56 (53 mg, 0.11 mmol) was dissolved in THF (3 ml). Palladium hydroxide on
carbon (7 mg) was suspended in the THF and stirred under hydrogen atmosphere. After 19 h, the reaction
mixture was filtered through Celite and evaporated. After solvent was removed in vacuo, the residue was
purified by silica gel column chromatography (eluent: n-hexane/ethyl 3:2) and 42 mg of 4-45a (0.11 mmol, 97%)
was obtained. *H-NMR (600 MHz, CDCl3) 6 7.38 (t, J = 7.6 Hz, 1H), 7.21 (d, J = 8.3 Hz, 1H), 7.11 (dd, J = 8.2, 2.7
Hz, 1H), 7.04 (t, J = 2.7 Hz, 1H), 6.98 (d, J = 2.7 Hz, 1H), 6.76-6.84 (m, 5H), 6.64 (d, J = 9.0 Hz, 1H), 5.04 (s, 1H),
3.76 (s, 3H), 3.15 (s, 3H), 2.23 (s, 3H);3C-NMR (150 MHz, CDCl3) § 159.5345, 155.3599, 151.6640, 150.2661,
137.5317, 135.8465, 129.9389, 129.7187, 129.2495, 125.2281, 120.1152, 120.0194, 119.3971, 117.1566,

116.3140, 112.3500, 55.5334, 38.5190, 16.2290.

Synthesis of compound 4-44a: 4-55 (57 mg, 0.12 mmol) was dissolved in THF (3 ml). Palladium hydroxide on
carbon (6 mg) was suspended in the THF and stirred under hydrogen atmosphere. After 21 h, the reaction
mixture was filtered through Celite® and evaporated. After solvent was removed in vacuo, the residue was
purified by silica gel column chromatography (eluent: n-hexane/ethyl 3:2) and 49 mg of crude product was
obtained. Then, a part of this product (20 mg) was purified by preparative TLC and of 4-44a (18 mg, 0.05 mmol)
was obtained. *H-NMR (600 MHz, CDCls) & 7.35 (t, J = 7.6 Hz, 1H), 7.32-7.35 (m, 1H), 7.23 (t, J = 2.0 Hz, 1H), 7.07
(ddd, J=7.5, 2.8, 1.3 Hz, 1H), 6.95 (d, J = 2.7 Hz, 1H), 6.76-6.79 (m, 5H), 6.64 (d, J = 9.0 Hz, 1H), 6.59 (brs, 1H),
5.01 (s, 2H), 3.77 (s, 3H), 2.18 (s, 3H); *C-NMR (150 MHz, CDCl;) 6 159.6781, 153.9907, 151.6066, 150.4863,
139.9158, 130.8293, 129.9772, 126.1186, 121.7046, 119.5598, 119.4354, 119.3971, 118.2385, 116.2470,

111.6990, 55.5429, 16.1811.

Synthesis of compound 4-57: p-methoxybenzenesulfonyl chloride, (68 mg, 0.33 mmol) was added to solution of
4-49 (94 mg, 0.28 mmol) in pyridine (5 ml) and stirred at room temperature. After 1 h, the reaction was
qguenched with water and diluted with ethyl acetate. The organic layer was washed with saturated aqueous

solution of a sodium hydrogen carbonate, aqueous solution of 1M HCI, water and brine, dried with sodium
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sulfate, and evaporated and 128 mg of 4-57 (0.27 mmol, 98%) was obtained. 4-57; *H-NMR (600 MHz, CDCl3) &
7.68 (dt, J = 8.9, 2.1 Hz, 2H), 7.43 (d, / = 6.9 Hz, 2H), 7.39 (t, / = 7.6 Hz, 2H), 7.32 (t, / = 7.6 Hz, 1H), 6.94 (d, J =
2.8 Hz, 1H), 6.89-6.92 (m, 4H), 6.82 (dt, J = 8.9, 2.7 Hz, 2H), 6.76 (dd, J = 8.9, 2.7 Hz, 1H), 6.65 (d, J = 8.9 Hz, 1H),
6.38 (s, 1H), 5.03 (s, 2H), 3.84 (s, 3H), 2.19 (s, 3H); **C-NMR (150MHz, CDCl3) & 160.0484, 154.6035, 153.7322,
150.9842, 136.9476, 131.1740, 130.6474, 130.1878, 129.4410, 128.5793, 127.9856, 127.4590, 126.0420,

121.5897, 119.1768, 118.5353, 115.8736, 114.0831, 70.5370, 55.5717, 16.2481.

Synthesis of compound 4-58: Sodium hydride (12 mg, 0.30 mmol) was washed with n-hexane twice. A solution
of 4-57 (67 mg, 0.14 mmol) in dry dimethylformamide (0.3 ml) was added to suspendion of sodium hydride in
dry dimethylformamide (0.5 ml) at 0°C and stirred at room temparature. After 25 min, iodomethane (88 mg,
0.62 mmol) was added at 0°C. After being stirred for 50 min at room temperature, iodomethane was removed
in vacuo. Then the residue was quenched with water, and extracted with ethyl acetate. The organic layer was
washed with water and brine, dried over sodium sulfate, and filtered. After solvent was removed in vacuo, the
residue was purified by silica gel column chromatography (eluent: n-hexane/ethyl acetate 3:1 to 3:2) and 57 mg
of 4-58 (0.12 mmol, 83%) was obtained.; *H-NMR (600 MHz, CDCl3) & 7.52 (dt, J = 8.9, 2.1 Hz, 2H), 7.44 (d, J =
7.6 Hz, 2H), 7.39 (t, J = 6.9 Hz, 2H), 7.33 (t, J = 6.9 Hz, 2H), 6.99 (d, J = 2.8 Hz, 1H), 6.93 (tt, J = 8.9, 2.7 Hz, 4H),
6.89 (dt, J = 8.9, 2.7 Hz, 2H), 6.76 (dd, J = 8.9, 2.7 Hz, 1H), 6.65 (d, J = 8.9 Hz, 1H), 5.04 (s, 2H), 3.86 (s, 3H), 3.12
(s, 3H), 2.23 (s, 3H) ; **C-NMR (150MHz,CDCls) & 162.9144, 155.0535, 154.8046, 150.6300, 136.9380, 136.2391,
130.0346, 129.9580, 129.3046, 128.5889, 128.3016, 127.9952, 127.4686, 125.0845, 119.7226, 117.3768,

115.9214, 113.8054, 70.5370, 55.5621, 38.3754, 16.2673.

Synthesis of compound 4-45b: 4-58 (52 mg, 0.11 mmol) was dissolved in THF (3 ml). Palladium hydroxide on
carbon (6 mg) was suspended in the THF and stirred under hydrogen atmosphere. After 17 h, the reaction
mixture was filtered through Celite and evaporated. After solvent was removed in vacuo, the residue was
purified by silica gel column chromatography (eluent: n-hexane/ethyl 3/2) and recycle-GPC, then 31 mg of
4-45b (0.078 mmol, 74 %) was obtained. *H-NMR (600 MHz, CDCl3) & 7.53 (dt, J = 8.9, 2.0 Hz, 2H), 6.98 (d, J =
2.7 Hz, 1H), 6.93 (dt, J = 8.9, 2.0 Hz, 2H), 6.79-6.85 (m, 4H), 6.75 (dd, J = 8.3, 2.8 Hz, 1H), 6.63 (d, J = 8.9 Hz, 1H),
3.87 (s, 3H), 3.12 (s, 3H), 2.22 (s, 3H); **C-NMR (150 MHz, CDCl3) & 162.9622, 155.3216, 151.8459, 150.0938,
135.9231, 130.0155, 129.9293, 129.1442, 128.1197, 125.1324, 120.0673, 117.0225, 116.3104, 113.8533,

55.5717, 38.4137, 16.2385.
Synthesis of compound 4-44b: 4-57 (52 mg, 0.11 mmol) was dissolved in THF (3 ml). Palladium hydroxide on

carbon (9 mg) was suspended in the THF and stirred under hydrogen atmosphere. After 17 h, the reaction

mixture was filtered through Celite® and evaporated. After solvent was removed in vacuo, the residue was
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purified by silica gel column chromatography (eluent: n-hexane/ethyl 1:1) and 39 mg of 4-44b (0.10 mmol,
90 %) was obtained. *H-NMR (600 MHz, CDCl3) 6 7.68 (dt, J = 8.9, 2.0 Hz, 2H), 6.94 (d, J = 2.8 Hz, 1H), 6.90 (dt, J
= 9.0, 2.1 Hz, 2H), 6.75-6.79 (m, 5H), 6.62 (d, J = 8.9 Hz, 1H), 6.59 (s, 1H), 5.09 (brs, 1H), 3.84 (s, 3H), 2.18 (s,
3H); 3C-NMR (150 MHz, CDCl3) & 163.0484, 153.8375, 151.3002, 150.7640, 131.0783, 130.6091, 130.1017,

129.4314, 126.0803, 121.6088, 119.4545, 118.3438, 116.2470, 114.0926, 55.5812, 16.2385.

Synthesis of compound 4-59: Sodium hydride (10 mg, 0.25 mmol) was washed with n-hexane twice. A solution
of 4-59 (45 mg, 0.097 mmol) in dry dimethylformamide (0.7 ml) was added to suspendion of sodium hydride in
dry dimethylformamide (0.3 ml) at 0°C and stirred at room temparature. After 30 min, iodomethane (51 mg,
0.36 mmol) was added at 0°C. After being stirred for 30 min at room temperature, iodomethane was removed
in vacuo. Then the residue was quenched with water, and extracted with ethyl acetate. The organic layer was
washed with water and brine, dried over sodium sulfate, and filtered. After solvent was removed in vacuo, 44
mg of 4-59 (0.093 mmol, 96%) was obtained.; *H-NMR (600 MHz, CDCl5) & 7.45 (d, J = 6.9 Hz, 2H), 7.41 (t, J= 6.9
Hz, 2H), 7.34 (t, J = 8.2 Hz, 2H), 7.22 (t, J = 8.3 Hz, 1H), 7.17 (ddd, / = 7.5, 2.7, 1.4 Hz, 1H), 7.09 (ddd, J = 8.2, 2.8,
1.4 Hz, 1H), 7.00 (dd, J = 2.8,1.3 Hz, 1H), 6.94 (dt, J = 9.0, 2.1 Hz, 2H), 6.90 (dt, / = 8.9, 2.0 Hz, 2H), 6.83-6.86 (m,
2H), 6.66 (t, J = 2.1 Hz, 1H), 5.05 (s, 2H), 3.74 (s, 3H), 3.13 (s, 3H); *C-NMR (150 MHz, CDCl;) & 159.5345,
158.5866, 155.2737, 149.6438, 142.7499, 137.3689, 136.8710, 129.7474, 129.5846, 128.6080, 128.0335,

127.4782,120.7088, 119.9716, 119.4354, 116.4480, 115.9310, 115.6150, 112.2256, 70.4987, 55.5334, 38.1073.

Synthesis of compound 4-60: m-methoxybenzenesulfonyl chloride (77 mg, 0.37 mmol) was added to solution of
4-59 (102 mg, 0.31 mmol) in pyridine (4.5 ml) and stirred at room temperature. After 40 min, the reaction was
qguenched with water and diluted with ethyl acetate. The organic layer was washed with saturated aqueous
solution of a sodium hydrogen carbonate, aqueous solution of 1M HCI, water and brine, dried with sodium
sulfate. After solvent was removed in vacuo, the residue was purified by silica gel column chromatography
(eluent: n-hexane/ethyl acetate 2:1 to 3:2) and 97 mg of 4-60 (0.21 mmol, 68%) was obtained. *H-NMR (600
MHz, CDCl3) 6 7.45 (d, J = 6.9 Hz, 2H), 7.40 (t, J = 7.6 Hz, 2H), 7.32-7.36 (m, 3H), 7.24(brs, 1H), 7.16 (t, 1H, /= 8.2
Hz), 7.05-7.08 (m, 1H), 6.93 (dt, J = 8.9, 2.7 Hz, 2H), 6.86 (dt, J = 8.9, 2.1 Hz, 2H), 6.77 (dd, J = 7.5, 2.1 Hz, 1H),
6.69 (dd, J = 8.2, 1.3 Hz, 1H), 6.64 (brs, 1H), 6.62 (t, J = 2.1 Hz, 1H), 5.05 (s, 2H), 3.76 (s, 3H); **C-NMR (150MHz,
CDCl3) 6 159.7547, 159.0940, 155.2354, 149.5767, 139.7722, 137.7232, 136.8423, 130.0442, 128.5793,
127.9952, 127.4590, 120.7854, 119.7322, 119.4354, 115.8831, 115.0884, 114.2075, 111.5936, 110.2436,

70.4413, 55.5334.

Synthesis of compound 4-46: 4-60 (40 mg, 0.087 mmol) was dissolved in ethyl acetate (2.5 ml). Palladium

hydroxide on carbon (7 mg) was suspended in the ethyl acetate and stirred under hydrogen atmosphere. After
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17.5 h, the reaction mixture was filtered through Celite and evaporated. After solvent was removed in vacuo,
the residue was purified by silica gel column chromatography (eluent: n-hexane/ethyl 3:2) and 17 mg of 4-46
(0.048 mmol, 55%) was obtained. The compound was recrystallized with chloroform.; mp: 107°C; *H-NMR (600
MHz, CDs0D) 6 7.37 (t, J = 8.2 Hz, 1H), 7.25 (d, J = 7.56 Hz, 1H), 7.19 (t, J = 2.1 Hz, 1H), 7.11-7.14 (m, 2H),
6.71-6.77 (m, 5H), 6.60 (dd, J = 8.28, 3.42 Hz, 1H), 6.56 (t, J = 2.1 Hz, 1H), 3.77 (s, 3H); 3C-NMR (150 MHz,
CDCl3) 6 159.7547, 159.2760, 152.1619, 149.2129, 139.7243, 137.5795, 130.2932, 130.1112, 121.1301,
119.7513, 119.4354, 116.4002, 115.1076, 114.2937, 111.6607, 110.1000, 55.5717.; Anal. Calcd. For C19H17NQ,S:

C,61.28; H, 4.62; N, 3.77. Found C, 61.28; H, 4.62; N, 3.69. ;

Synthesis of compound 4-78: Under argon atmosphere, aqueous solution of 5M NaOH (1.0 ml, 5 mmol) was
added to DMSO (3.5 ml) and stirred. After 15 min, 4-(phenylmethoxy) phenol (480 mg, 2.4 mmol) was added to
the mixture and stirred at 50°C. After 20 min, 4-fluoro-2-nitrotoluene 4-77 (310 mg, 2.0 mmol) was added to
the reaction and stirred at 50°C for 5 h, then cooled to room temperature. After 18.5 h, the reaction was
poured into ice water and filtered. 469 mg of 4-78 (1.34 mmol, 66%) was obtained. Yellow powder. 'H-NMR
(600 MHz, CDCl;) 6 8.40 (d, J = 9.6 Hz, 1H), 7.45 (d, J = 7.6 Hz, 2H), 7.41 (t, J = 7.6 Hz, 2H), 7.35 (t, J = 6.8 Hz, 1H),
7.01 (s, 4H), 6.80 (s, 1H), 6.79 (dd, J = 8.2, 2.7 Hz, 1H), 5.08 (s, 2H), 2.59 (s, 3H). ; *C-NMR (150 MHz, CDCl;) &
162.3782, 156.1546, 148.1405, 143.0850, 137.0817, 136.6508, 128.6463, 128.1197, 127.4877, 127.4494,

121.7812,119.7513, 116.1895, 114.3224, 70.4892, 21.4568.

Synthesis of compound 4-79: 4-78 (158 mg, 0.453 mmol) was dissolved in THF (4 ml) and methanol (4 ml).
Palladium hydroxide on carbon (21 mg) was suspended in the solution and stirred under hydrogen atmosphere.
After 15.5 h, the reaction mixture was filtered through Celite and evaporated. 115 mg of 4-79 (0.532 mmol) was
obtained. Pale brown solid. *H-NMR (600 MHz, CDs0D) & 6.74 (dt, J = 8.9, 2.8 Hz, 2H), 6.67-6.71 (m, 3H), 6.64 (d,
J = 2.8 Hz, 1H), 6.58 (dd, J = 8.2, 2.7 Hz, 1H). **C-NMR (125 MHz, CDs0D) & 153.8056, 152.5896, 151.8236,

141.7701, 125.9238, 121.6151, 120.2364, 117.9576, 117.6033, 116.8756, 17.6617.

Synthesis of compound 4-61: M-Anisoyl chloride (30 mg, 0.18 mmol) was added to a solution of 4-79 (103 mg,
0.49 mmol) in THF (10 ml). The mixture was stirred at room temperature for 45 min, then poured into water,
and extracted with ethyl acetate. The organic layer was washed successively with saturated sodium hydrogen
carbonate, 1 M hydrochloric acid, water and brine, dried over sodium sulfate, and evaporated. The residue was
purified by silica gel column chromatography (hexane/ethyl acetate 3:2) to give (132 mg, 79%). Colorless prisms
(chloroform); mp 78.5-79.5°C; *H NMR (600 MHz, CDs0D) & 7.52 (d, J = 7.5 Hz, 1H), 7.50 (d, J = 2.6 Hz, 1H), 7.41
(t, J=7.9 Hz, 1H), 7.21 (d, J = 8.2 Hz, 1H), 7.14 (dd, J = 8.3, 2.1 Hz, 1H), 6.87 (dt, /= 9.2, 2.7 Hz, 2H), 6.83 (d, J =
2.8 Hz, 1H), 6.78 (dt, J = 8.9, 2.1 Hz, 2H), 6.75 (dd, J = 8.3, 2.8 Hz, 1H), 3.86 (s, 3H); *3C NMR (150 MHz, CDs;0D) &
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169.24, 161.34, 158.98, 155.01, 150.45, 137.69, 136.96, 131.29, 130.75, 129.33, 122.01, 120.72, 120.04, 117.18,
116.06, 113.89, 55.89, 18.35; HRMS Calcd for Co1H20NO4 [M+H]*: 350.1387. Found 350.1813. Anal. Calcd. For

C21H1sNO4: C, 72.19; H, 5.48; N, 4.01; O, 18.32. Found C, 71.94; H, 5.73; N, 4.02.

Synthesis of compound 4-81: Under argon atmosphere, m-(benzyloxy)phenol (667 mg, 3.33 mmol) was added
to 5-fluoro-2-nitroanisole 4-80 (514 mg, 3.0 mmol), K,CO5 (498 mg, 3.6 mmol) and DMF (4.5 ml) and stirred at
room temperature for 3 hours and 80°C for 3 hours. After cooling to room temperature, ethyl acetate was
added. The layers were separated, and the aqueous layer was extracted with additional ethyl acetate. The
organic layer was dried with Na,SO4 and evaporated to give a crude mixture of products. The crude product was
purified by silica-gel chromatography (5:1 hexane-ethyl acetate) and recrystallized with n-hexane/ethyl acetate
to afford 412 mg (59% vyield) of 4-81. Columnar crystals of pale yellow. *H-NMR (600 MHz, CDCl3) § 7.91 (d, J =
8.9 Hz, 1H), 7.43 (d, /= 7.6 Hz, 2H), 7.39 (t, J = 7.6 Hz, 2H), 7.33 (t, J = 7.6 Hz, 1H), 7.00 (s, 4H), 6.58 (d, J = 2.7Hz,
1H), 6.42 (dd, J = 9.6, 2.7 Hz, 1H), 5.06 (s, 2H), 3.87 (s, 3H) ; *C-NMR (150 MHz, CDCl;) 6 164.0634, 156.2504,
155.6088, 147.9299, 136.5934, 113.6539, 128.6463, 128.2920, 128.1484, 127.4973, 121.8099, 116.2087,

107.5244, 101.6359, 70.4892, 56.5196

Synthesis of compound 4-82: Following the procedure described for the synthesis of 4-79, compound 4-82 was
prepared from 4-81 (174 mg, 0.50 mmol) and Palladium hydroxide on carbon (18 mg) in THF (4 ml) and MeOH
(4 ml). A brown solid was isolated in quant (190 mg, 0.51 mmol). ; *H-NMR (600 MHz, CDs0D) § 6.77 (dt, J = 8.9,
2.8 Hz, 2H), 6.71 (dt, J = 8.9, 2.7 Hz, 2H) , 6.69 (d, J = 8.2 Hz, 1H) , 6.52 (d, J = 2.8 Hz, 1H) , 6.32 (dd, /= 8.2, 2.8
Hz, 1H) ; 3C-NMR (150 MHz, CDs0D) & 154.0066 152.5321, 152.2640, 150.0905, 132.5591, 120.4566, 117.0384,

116.0139, 111.3031, 103.5475, 56.0470.

Synthesis of compound 4-64: Following the procedure described for the synthesis of 4-64, compound 4-64 was
prepared from 4-82 (108 mg, 0.49 mmol), anisole chloride (100mg, 0.59 mmol) in THF (10 ml). 4-64 (144 mg,
0.40 mmol) was obtained in 81 % yield and recrystallized with n-hexane/ethyl acetate. 4-64: Colorless prisms
(hexane/ethyl acetate); mp 161-161.5°C; *H NMR (600 MHz, DMSO-ds) § 9.41 (s, 1H), 9.34 (s, 1H), 7.49 (m, 3H),
7.40 (t, J = 7.5 Hz, 1H), 7.12 (dd, J = 8.2, 2.1 Hz, 1H), 6.90 (dt, / = 9.0, 2.1Hz, 2H), 6.73 (dt, J = 9.0, 2.1 Hz, 2H),
6.72 (d, J = 2.1 Hz, 1H), 6.38 (dd, J = 8.9, 2.7 Hz, 1H), 3.80 (s, 3H), 3.75 (s, 3H); 3C NMR (150 MHz, DMSO-ds) &
164.82, 159.22, 156.65, 153.80, 153.54, 148.02, 135.92, 129.57, 126.43, 121.19, 120.75, 119.65, 117.37, 116.22,
112.64, 107.72, 101.70, 55.79, 55.30; HRMS Calcd for C1H,0NOs [M+H]*: 366.1341. Found 366.1332. Anal.

Calcd. For C21H19NOs-1/8 H,0: C, 68.03; H, 5.24; N, 3.83. Found C, 68.60; H, 5.32; N, 3.84.

Synthesis of compound 4-76: Sodium hydride (144mg, 3.6 mmol) was washed with n-hexane twice. Benzyl
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chloride(456 mg, 3.6 mmol) and 5-fluoro-2-nitrophenol phenol 4-75 was added to a suspension of NaH in
dimethylformamide (4 ml) at room temperature. After 18 hours, Nal (90 mg, 0.60 mmol) was added and stirred
at 60 °C. After 5 hours, the reaction was quenched with water. The reaction mixture was extracted with
additional ethyl acetate. The organic layer was dried with Na,SO, and evaporated to give a crude mixture of
products. The crude product was purified by silica-gel chromatography (20:1 hexane-ethyl acetate) to afford
624 mg (2.5 mmol, 85%) of 4-76.; 'H-NMR (600 MHz, CDCl5) § 7.95 (dd, J = 8.9, 6.2 Hz, 1H), 7.44 (d, J = 7.5 Hz,
2H), 7.38 (t, J = 7.6 Hz, 2H), 7.33 (t, J = 7.6 Hz, 1H), 6.81 (dd, J = 10.4, 2.8 Hz, 1H), 6.72 (ddd, J = 9.0, 7.6, 2.8 Hz,
1H), 5.20 (s, 2H); *C-NMR (150 MHz, CDCl5) & 165.5762 (d, J = 255.65 Hz), 154.1247 (d, J = 11.49 Hz), 136.3157,
134.7741, 128.7899, 128.4357, 128.0766 (d, J = 10.05 Hz), 126.9324, 107.6105 (d, J = 23.12 Hz), 102.7896 (d, J =

27.45 Hz), 71.4275.

Synthesis of compound 4-83: Following the procedure described for the synthesis of 4-81, compound 4-83 was
prepared from 4-12 (542 mg, 2.46 mmol), 4-76 (604 mg, 2.45 mmol) and K,CO3 (540 mg, 3.9 mmol) in DMF (3.5
ml). A yellow solid was isolated in 58 % yield (612 mg, 1.43 mmol).; *H-NMR (600 MHz, CDCl5) 6 7.92 (d, J = 8.9
Hz,1H), 7.29-7.46 (m, 10H), 6.99 (d, J = 9.0 Hz, 2H), 6.94 (d, J = 9.0 Hz, 2H), 6.58 (d, J = 1.7 Hz, 1H), 6.46 (dd, J =
9.6, 2.7 Hz, 1H), 5.12 (s, 2H), 5.08 (s, 2H) ; *C-NMR (150 MHz, CDCl3) 6 163.7665, 156.2025, 154.3737,
147.8820, 136.6412, 135.2720, 134.0848, 128.6846, 128.6654, 128.1867, 128.1484, 127.4686,

126.9803,121.7908, 116.2182, 108.0701, 103.0242, 71.0732, 70.4892.

Synthesis of compound 4-84: Following the procedure described for the synthesis of 2-79, compound 2-84 was
prepared from 8-81 (113 mg, 0.26 mmol) and Palladium hydroxide on carbon (13 mg) in THF (3 ml) and MeOH
(3 ml). A brown solid was isolated in quant (190 mg, 0.27 mmol). *H-NMR (600 MHz, CDs;0D) & 6.76 (dt, J = 8.9,
2.8 Hz, 2H), 6.71 (dt, J =8.9, 2.0 Hz, 1H), 6.68 (d, J = 8.2 Hz, 1H), 6.36 (d, J = 2.7 Hz, 1H), 6.26 (dd, J = 8.2, 2.0 Hz,

1H).

Synthesis of compound 4-65: Following the procedure described for the synthesis of 4-61, compound 4-65 was
prepared from 4-81 (58 mg, 0.27 mmol), anisole chloride (55 mg, 0.32 mmol) in THF (5 ml). 4-65 (57 mg, 0.16
mmol) was obtained in 62 % yield and recrystallized with n-hexane/ethyl acetate. 4-65: Pale pink prisms
(hexane/ethyl acetate); mp 147-148°C; 'H NMR (600 MHz, acetone-ds) 6 9.45 (br, 1H), 8.40 (br, 1H), 7.57 (m,
3H), 7.43 (t, J = 8.2 Hz, 1H), 7.15(dd, J = 7.6, 2.7 Hz, 2H), 6.91 (dt, J = 9.0, 2.8 Hz, 2H), 6.85 (dt, J = 8.9, 2.8 Hz, 2H),
6.50 (d, J = 2.7 Hz, 1H), 6.45 (dd, J = 9.0, 2.8 Hz, 1H), 3.86 (s, 3H); **C NMR (150 MHz, CDs0D) & 168.41, 161.40,
158.76, 155.02, 151.85, 150.38, 137.11, 130.83, 125.73, 122.09, 121.47, 120.47, 118.83, 117.13, 113.81, 109.25,
106.15, 55.90; HRMS Calcd for C3oH1sNOs [M+H]*: 352.1185. Found 352.1182.; Anal. Calcd. For CxH17NOs-1/16

H,0: C, 68.15; H, 4.90; N, 3.97. Found C, 68.03; H, 5.05; N, 3.98.
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Synthesis of compound 4-86: Under argon atmosphere, aqueous solution of 5M NaOH (1.0 ml, 5 mmol) was
added to DMSO (3.0 ml) and stirred. After 10 min, 4-(phenylmethoxy) phenol (480 mg, 2.4 mmol) was added to
the mixture and stirred at 50°C. After 15 min, 3,4-difluoronitrobenzene 4-85 (320 mg, 2.0 mmol) was added to
the reaction and stirred at 50°C for 5 h, then cooled to room temperature. After 18 h, the reaction was poured
into ice water and filtered. 541 mg of 4-85 (1.59 mmol, 79%) was obtained. Yellow powder; *H-NMR (600 MHz,
CDCl3) 6 8.07 (dd, J = 10.3, 2.8 Hz, 1H), 7.95 (ddd, J = 9.6, 2.8, 1.4 Hz, 1H), 7.45 (d, J = 6.8 Hz, 2H), 7.41 (t,J=7.6
Hz, 2H), 7.35 (t, J = 7.5 Hz, 1H), 7.05-7.30 (m, 4H), 6.88 (t, J = 9.0 Hz, 1H), 5.08 (s, 2H). *C-NMR (150 MHz,
CDCl3) 6 156.4323, 152.3247 (d, J = 11.49 Hz), 151.6497 (d, J = 251.34 Hz), 147.7958, 142.0222, 136.5455,

128.6654, 128.1580, 127.4877, 121.2833, 120.5556, 116.7161, 116.3044, 113.0251 (d, / = 21.56 Hz), 70.5179.

Synthesis of compound 4-87: A mixture of 4-86 (153 mg, 0.80 mmol) and palladium hydroxide on carbon (36
mg) in THF (4 ml) and methanol (4 ml) was stirred under a hydrogen atmosphere for 20 h, then filtered over
Celite. The filtrate evaporated to give 4-87 (115 mg, 67%). Red brown solid; *H NMR (600 MHz, CD;0D) & 6.78 (t,
J = 8.9 Hz, 2H), 6.70 (m, 4H), 6.53 (dd, J = 12.4, 2.8 Hz, 1H), 6.44 (ddd, J = 8.9, 2.8, 1.4 Hz, 1H); *C NMR (150
MHz, CD;0D) & 156.37 (d, J = 242.73 Hz), 153.59, 153.14, 146.86 (d, J = 8.63 Hz), 136.46 (d, J = 12.92 Hz),
123.95,118.27, 116.80, 112.04, 104.48 (d, J = 21.54 Hz).

Synthesis of compound 4-66: m-Anisoyl chloride (97 mg, 0.57 mmol) was added to a solution of 4-87 (104 mg,
0.47 mmol) in THF (10 ml). The mixture was stirred at room temperature for 50 min, then poured into water,
and extracted with ethyl acetate. The organic layer was washed successively with saturated sodium hydrogen
carbonate, 1 M hydrochloric acid, water and brine, dried over sodium sulfate, and evaporated. The residue was
purified by silica gel column chromatography (hexane/ethyl acetate 2:1 to 1:1) to give (134 mg, 80%).
Colorless prisms (chloroform); mp 160-161°C; *H NMR (600 MHz, CDsOD) § 7.73 (dd, J = 13.0, 2.8 Hz, 1H), 7.49
(dd, J=7.6,1.4 Hz, 1H), 7.47 (t,J = 2.1 Hz, 1H), 7.41 (t, J = 7.9 Hz, 1H), 7.36 (dt, J = 8.9, 1.7 Hz, 1H), 7.14 (ddd, J =
8.3, 2.7, 1.3 Hz, 1H), 6.95 (t, J = 9.0 Hz, 1H), 6.68 (dt, J = 8.9, 2.1 Hz, 2H), 6.76 (dt, J = 8.9, 2.4 Hz, 2H), 3.86 (s,
3H); 3C NMR (150 MHz, CDs0D) 6§ 168.55, 161.33, 154.71 (d, J = 244.16 Hz), 154.67, 151.33, 142.94 (d, J =
11.49 Hz), 137.34, 136.04 (d, J = 10.065 Hz), 130.75, 121.52, 120.70, 120.01, 118.81, 118.12, 117.10, 113.89,
111.09 (d, J = 22.98 Hz), 55.91; HRMS Calcd for CyoH17NO4F [M+H]*: 354.1142. Found 354.1142. Anal. Calcd. For
Ca0H16NO4F-1/4 H,0: C, 67.13; H, 4.65; N, 3.91. Found C, 67.32; H, 4.63; N, 3.87.

Synthesis of compound 4-89: Under argon atmosphere, m-(benzyloxy)phenol (484 mg, 2.42 mmol) was added
to 4-88 (420 mg, 2.01 mmol), K;CO3 (342 mg, 2.48 mmol) and DMF (3 ml) and stirred at room temperature.
After 1.5 hours, m-(benzyloxy)phenol (98 mg, 0.49 mmol) was added to the mixture and stirred at room
temperature. After 1 hour, 1M HCl was added and filtered. The crude product was purified by silica-gel

chromatography (10:1 hexane-ethyl acetate) to afford 618 mg (80% yield) of 4-89. Yellow powder; *H-NMR (600
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MHz, CDCl3) 6 8.55 (d, J = 2.8 Hz, 1H), 8.26 (dd, J = 9.7, 2.8 Hz, 1H), 7.43 (d, J = 6.9 Hz, 2H), 7.40 (t, J = 7.5 Hz,
2H), 7.34 (t, J = 7.3 Hz, 1H), 7.03 (s, 4H), 6.87 (d, J = 8.9 Hz, 1H), 5.07 (s, 2H); *C-NMR (150 MHz, CDCls) &
161.7175, 156.7770, 147.2979, 141.3424, 136.4402, 128.7612, 128.6750, 128.1867, 127.4686, 123.8063(d, J =

4.31 Hz), 122.1786 (q, J = 271.46 Hz), 121.9248, 120.1678 (d, J = 33.03 Hz), 116.4385, 116.2948, 70.4987.

Synthesis of compound 4-90: 4-89 (191 mg, 0.49 mmol) was dissolved in THF (4 ml) and MeOH (4 ml).
Palladium hydroxide on carbon (26 mg) was suspended in the solution and stirred under hydrogen atmosphere.
After 16 hours, the reaction mixture was filtered through Celite and evaporated. The product 4-90 (113mg, 0.42
mmol, 86%) was obtained. 4-90. Pale brown solid; *H-NMR (600 MHz, CDsOD) & 6.98 (d, J = 2.7 Hz, 1H), 6.70 (d,
J=8.9 Hz, 1H) ; **C-NMR (150 MHz, CDs;0D) & 154.3609, 151.9863, 148.3958, 144.7095, 125.0334 (q, J = 270.02

Hz), 122.6828 (d, J = 30.17 Hz), 121.9024, 120.7151, 120.4087, 116.9809, 113.6298.

Synthesis of compound 4-69: m-anisoyl chloride (85 mg, 0.50 mmol) was added to solution of 4-90 (110 mg,
0.41 mmol) in THF (10 ml) and stirred at room temperature. After 60 min, m-anisoyl chloride (19 mg, 0.11
mmol) was added to solution and stirred at room temperature. After 35 min, the reaction was quenched with
water and diluted with ethyl acetate. The organic layer was washed with saturated aqueous solution of a
sodium hydrogen carbonate, aqueous solution of 1M HCI, water and brine, dried with sodium sulfate and
filtered. After solvent was removed in vacuo, the residue was washed with dichloromethane and 185 mg of
4-69 was obtained. The compound was recrystallized with n-hexane/ethyl acetate. Colorless prisms
(hexane/ethyl acetate); mp 189°C; *H NMR (600 MHz, CD;0D) & 8.09 (d, J = 2.8 Hz, 2H), 7.78 (dd, J = 8.9, 2.8 Hz,
1H), 7.50 (dt, J = 8.9, 1.4 Hz, 1H), 7.47 (dd, J = 2.8, 1.2 Hz, 1H), 7.41 (t, J = 8.2 Hz, 1H), 7.13 (dd, J = 8.3, 2.8 Hz,
1H), 6.89 (dt, J = 8.9, 2.1 Hz, 2H), 6.86 (d, J = 8.9 Hz, 1H), 6.50 (dt, J = 8.9, 2.0 Hz, 2H), 3.86 (s, 3H); **C NMR (150
MHz, CDs0D) 6 168.61, 161.35, 155.57, 154.43, 149.98, 137.19, 134.37, 130.77, 127.24, 124.82 (q, J = 270.00
Hz), 121.98, 121.24 (d, J = 31.59 Hz), 120.87 (d, J = 5.75 Hz), 119.25, 118.91, 117.37, 113.87, 55.92; HRMS Calcd
for C21H17NO4F3 [M+H]*: 404.1110. Found 404.1108. Anal. Calcd. For C>1H16NO4F3-1/8 H,0: C, 62.19; H, 4.04; N,

3.45. Found C, 62.14; H, 4.08; N, 3.45.

Synthesis of compound 4-92: Following the procedure described for the synthesis of 4-78, compound 4-92 was
prepared from 4-91 (354 mg, 2.0 mmol), 4-12 (481 mg, 2.4 mmol) and aqueous solution of 5M NaOH (1.0 ml, 5
mmol) in DMSO (3 ml). A yellow solid was isolated in 73 % yield (520 mg, 1.5 mmol). *H-NMR (600 MHz, CDCls)
6 7.91-7.95 (m, 2H), 7.42 (d, J = 6.8 Hz, 2H), 7.39 (t, J = 7.5 Hz, 2H), 7.33 (t, J = 7.6 Hz, 1H), 6.93 (s, 4H), 5.03 (s,
2H) ; 3C-NMR (150 MHz, CDCl3) & 155.3216, 155.2402 (d, J = 254.22 Hz), 151.0225, 143.0946, 138.6423(t, J =
14.36 Hz), 136.6987, 128.6176, 128.0718, 127.4686, 117.1087, 115.8161, 109.1569 (dd, J = 21.54, 7.19 Hz),

70.5466.
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Synthesis of compound 4-71: 4-92 (160 mg, 0.45 mmol) was dissolved in THF (4 ml) and methanol (4 ml).
Palladium on carbon (20 mg) was suspended in the solution and stirred under hydrogen atmosphere. After 17 h,
the reaction mixture was filtered through Celite and evaporated. 135 mg of mixture include 4-93 was obtained.

m-anisoyl chloride (107 mg, 0.63 mmol) was added to solution of mixture (include 4-93) in THF (10 ml) and
stirred at room temperature. After 1 hour, the reaction was quenched with water and diluted with ethyl acetate.
The organic layer was washed with saturated aqueous solution of a sodium hydrogen carbonate, aqueous
solution of 1M HCI, water and brine, dried with sodium sulfate and filtered. After solvent was removed in vacuo,
the residue was washed with dichloromethane and 95.7 mg of filtrate was obtained. The filtrate (65.7 mg)
was purified by by silica-gel chromatography (9:1 chloroform-ethyl acetate) and preparative thin-layer
chromatography (dichloromethane/acetone 9:1) to give 13 mg of 4-71 (0.036 mmol, 12%) was
obtained.Colorless prisms (chloroform); mp 169 °C;*H NMR (600 MHz, acetone-de) & 7.71 (d, J = 10.3 Hz, 1H),
7.54 (dd, J = 7.6, 2.7 Hz, 1H), 7.51(t, J = 2.1 Hz, 1H), 7.43 (t, J = 7.9 Hz, 1H), 6.95 (m, 4H), 3.00 (s, 3H); **C NMR
(150 MHz, CD;0D) 6 168.61, 161.36, 158.19 (d, J = 7.19 Hz), 156.53 (d, J = 5.75 Hz), 154.08, 152.75, 137.48 (t, J
=12.93 Hz), 137.09, 130.81, 129.44 (t, J = 14.37 Hz), 120.74, 119.00, 117.00 (d, J = 37.35 Hz), 113.96, 105.64 (d,
J = 27.29 Hz), 55.94; HRMS Calcd for CyH1sNOsF, [M+H]*: 372.1047. Found 372.1046. Anal. Calcd. For

C20H1sNO4F2-1/4 H,0: C, 63.91; H, 4.16; N, 3.73. Found C, 63.90; H, 4.29; N, 3.81.

Synthesis of compound 4-95: Sodium hydride (24mg, 0.63 mmol) was washed with n-hexane twice.
4-(phenylmethoxy) phenol was added to a suspension of NaH in dimethylformamide (1 ml) at 0°C. After 30 min,
2-chloro-3-methyl-5-nitropyridine (81mg, 0.47 mmol) was added and stirred at room temperature. After 30 min,
the reaction was quenched with saturated aqueous ammonium chloride solution. The reaction mixture was
extracted with additional ethyl acetate. The organic layer was dried with Na,SO4 and evaporated to give a crude
mixture of products. The crude product was purified by silica-gel chromatography (19:1 to 9:1 hexane-ethyl
acetate) to afford 122 mg (0.38 mmol, 81%) of 4-95. *H-NMR (600 MHz, CDCl3) 6 8.82 (d, J = 2.7 Hz, 1H), 8.28 (d,
J=2.7Hz, 1H), 7.43 (d, /= 6.9 Hz, 2H), 7.35 (td, J = 6.2, 1.4 Hz, 2H), 7.33 (tt, J = 6.9, 1.4 Hz, 1H), 7.0-7.1 (m, 4H),
5.06 (s, 2H), 2.43 (s, 3H) ; 3C-NMR (150 MHz, CDCls) 6 165.5283, 156.3940, 146.4745, 141.9265, 140.0881,

136.7466, 134.1518, 128.6271, 128.0718, 127.5165, 122.5089, 122.2312, 115.6821, 70.4126, 16.0949.

Synthesis of compound 4-96: Following the procedure described for the synthesis of 4-79, compound 4-96 was
prepared from 4-95 (56 mg, 0.17 mmol) and Palladium hydroxide on carbon (8 mg) in THF (1.5 ml) and MeOH
(1.5 ml). A brown solid was obtained in quant (47 mg, 0.22 mmol). *H-NMR (600 MHz, acetone-de) § 7.40 (d, J =
2.8 Hz, 1H), 6.99 (d, / = 2.7 Hz, 1H), 6.81 (dt, J = 8.9, 2.8 Hz, 2H), 6.76 (dt, J = 8.9, 2.8 Hz, 2H), 4.48 (brs, 1H), 3.06

(brs, 1H) ; 3 C-NMR (150 MHz, CD3COCD;) 6 154.7125, 153.8316, 149.8198, 141.8919, 130.8618, 127.2808,
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122.6945, 121.3731, 116.2602, 16.0219.

Synthesis of compound 4-73: Following the procedure described for the synthesis of 4-61, compound 4-73 was
prepared from 4-96 (47 mg, 0.22 mmol), anisole chloride (35 mg, 0.21 mmol) in THF (5 ml). 4-73 (48 mg, 0.14
mmol) was obtained in 82 % vyield and recrystallized with n-hexane/ethyl acetate. Colorless prism. mp:
207-207.5 °C. *H-NMR (600 MHz, DMSO-d6) & 10.25 (s, 1H), 9.28 (s, 1H), 8.21 (d, J = 2.1 Hz, 1H), 8.03 (d, /= 2.8
Hz, 1H), 7.53 (d, J = 7.6 Hz, 1H), 7.48 (s, 1H), 7.44 (t, J = 8.2 Hz, 1H), 7.16 (dd, J = 8.2, 2.7 Hz, 1H), 6.88 (dt, J = 8.9,
2.0 Hz, 2H), 6.74 (dt, J = 8.9, 1.7 Hz, 2H), 3.83 (s, 3H), 2.29 (s, 3H) ; *C-NMR (150 MHz, DMSO-d6) & 165.1688,
159.1941, 157.9398, 153.8131, 146.4310, 136.4062, 135.7647, 132.9114, 131.1496, 129.6081, 122.0440,
120.5025, 119.7940, 117.4290, 115.6098, 112.8714, 55.3462, 15.7546.; Anal. Calcd. For C3H1sN,04: C, 68.56; H,
5.18; N, 8.00. Found C, 68.46; H, 5.19; N, 7.95. ; HRMS: Calcd for CyHisN2Os4 [M+H]*: 351.1345. Found

351.1354.

Synthesis of compound 4-98: Under argon atmosphere, aqueous solution of 5M NaOH (1.0 ml, 5 mmol) was
added to DMSO (3 ml) and stirred. After 20 min, 4-(phenylmethoxy) phenol (480 mg, 2.4 mmol) was added to
the mixture and stirred at 50°C. After 15 min, 3-chloro-4-fluoronitrotbenzene (351 mg, 2.0 mmol) was added to
the reaction and stirred at 50°C for 5 h, then cooled to room temperature. After 18 h, the reaction was poured
into ice water and filtered. 469 mg of 4-98 (1.6 mmol, 80%) was obtained. Colorless powder; *H-NMR (600 MHz,
CDCl3) 6 8.36 (d, J = 2.8 Hz, 1H), 8.02 (dd, J = 8.9, 2.8 Hz, 1H), 7.45 (d, J = 6.8 Hz, 2H), 7.41 (t, / = 7.6 Hz, 2H), 7.36
(t, J = 7.6 Hz, 1H), 7.04 (s, 4H), 6.80 (d, J = 9.7 Hz, 1H), 5.09 (s, 2H).; *C-NMR (150 MHz, CDCl3) § 159.8122,
156.5472, 147.7097, 142.1659, 136.5168, 128.6559, 128.1580, 127.4782, 126.4441, 123.8781, 123.5812,

121.6663, 116.3619, 115.5959, 70.4987.

Synthesis of compound 4-67: 4-98 (141mg, 0.38 mmol) was dissolved in THF (3 ml) and methanol (3 ml).
Palladium on carbon (15 mg) was suspended in the solution and stirred under hydrogen atmosphere. After 22 h,
the reaction mixture was filtered through Celite and evaporated. 115 mg of residue include 4-99 was obtained.

m-anisoyl chloride (78 mg, 0.46 mmol) was added to solution of residue (include 4-99) in THF (6 ml) and stirred
at room temperature. After 40 min, the reaction was quenched with water and diluted with ethyl acetate. The
organic layer was washed with saturated aqueous solution of a sodium hydrogen carbonate, aqueous solution
of 1M HCI, water and brine, dried with sodium sulfate and filtered. After solvent was removed in vacuo, the
residue was washed with dichloromethane and 89mg of filtrate was obtained. The filtrate (30mg) was
purified by preparative thin-layer chromatography (dichloromethane/acetone 24:1) to give 20 mg of 4-67
(0.054 mmol, 42%) was obtained and recrystallized with n-hexane/ethyl acetate. Colorless needles

(hexane/ethyl acetate); mp: 187-188 °C; *H NMR (600 MHz, CDs0D) 6 7.92 (d, J = 2.8 Hz, 1H), 7.48 (m, 3H), 7.41
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(t,J = 7.5 Hz, 1H), 7.13 (dd, J = 8.2, 2.7 Hz, 1H), 6.87 (d, J = 9.0 Hz, 1H), 6.82 (dt, J = 9.0, 2.1 Hz, 2H), 6.77 (dt, J =
8.9, 2.7 Hz, 2H), 3.86 (s, 3H); 13C NMR (150 MHz, CDsOD) & 167.22, 160.00, 153.58, 150.41, 149.43, 135.97,
134.39, 129.41, 124.24, 122.93, 120.56, 119.37, 118.88, 117.49, 115.87, 112.54, 54.58; HRMS Calcd for
CaoH17NO4Cl [M+H]*: 370.0846. Found 370.0844. Anal. Calcd. For CaoHisNO4Cl-1/8 H,0: C, 67.57; H, 4.40; N, 3.76.

Found C, 64.62; H, 4.51; N, 3.82.

Synthesis of compound 4-104: Under argon atmosphere, 4-102 (346 mg, 2.0 mmol) was added to 4-103 (250 mg,
2.1 mmol), 5M NaOH in DMF (4 ml) and stirred at 50 °C. After 2 hours, the reaction was quenched with water and
diluted with ethyl acetate. The organic layer was washed with saturated aqueous solution of a sodium hydrogen
carbonate, aqueous solution of 1M HCI, water and brine, dried with sodium sulfate and filtered. After solvent was
removed in vacuo, the residue was purified by silica-gel chromatography (5:1 to 2:1 n-hexane: ethyl acetate) to
afford 239 mg (0.69 mmol, 35 %) of 4-104 and 36 mg (0.085 mmol, 9%) of 4-105. 4-104; 'H-NMR (600 MHz, CDCls)
6 7.94 (d, 1H, J=8.9 Hz), 6.98 (d, J = 2.8 Hz, 1H), 6.95 (dt, J = 8.9, 2.1 Hz, 2H), 6.88 (dt, / = 8.9, 2.8 Hz, 2H), 6.85 (d, J
= 2.0 Hz, 1H); C-NMR (150 MHz, CDCl3) & 162.3686, 153.3013, 147.4990, 141.6201, 129.6612, 127.9856,
122.0589, 119.0428, 116.9076, 115.0214. 4-105; *H-NMR (600 MHz, CDCl3) 6 7.99 (d,2H, J = 9.7 Hz), 7.15 (s, 4H),
7.08 (d, J = 2.0 Hz, 2H), 6.95 (dd, J = 8.9, 2.8 Hz, 2H).

Synthesis of compound 4-63: 4-104 (71 mg, 0.27 mmol) was dissolved in methanol (5 ml). Palladium on carbon
(7 mg) was suspended in the solution and stirred under hydrogen atmosphere. After 40 min, the reaction
mixture was filtered through Celite and evaporated. 61 mg of product (include 4-106) was obtained. M-anisoyl
chloride (55 mg, 0.32 mmol) was added to solution of crude product (4-106) in THF (5 ml) and stirred at room
temperature. After 30 min, the reacstion was quenched with water and diluted with ethyl acetate. The organic
layer was washed with saturated aqueous solution of a sodium hydrogen carbonate, aqueous solution of 1M
HCI, water and brine, dried with sodium sulfate and filtered. After solvent was removed in vacuo, the residue
was purified by silica gel column chromatography (eluent: n-hexane/ethyl acetate 7:3 to 2:1) to give 37 mg of
4-63 (0.037 mmol, 14 %, 2 steps) was obtained and recrystallized with chloroform.; mp: 176-177 °C; 4-63:
Colorless prisms (chloroform); mp 176-176.5°C; *H NMR (600 MHz, CDs;0D) & 7.54 (d, J = 9.2 Hz, 1H), 7.53 (d, J =
7.6 Hz, 1H), 7.50 (br, 1H), 7.42(t, J = 7.7 Hz, 1H), 7.15 (dd, J = 8.2, 2.7 Hz, 1H), 7.00 (d, J = 2.8 Hz, 1H), 6.92 (dt, J =
9.0, 2.8 Hz, 2H), 6.90 (dd, J = 8.9, 2.8 Hz, 1H), 6.82 (dt, J = 8.9, 2.8 Hz, 2H), 3.87 (s, 3H); 3*C NMR (150 MHz,
CD;0D) & 167.65, 160.04, 158.04, 154.34, 148.22, 135.36, 130.68, 129.48, 128.69, 121.059, 119.40, 117.70,
117.47, 116.06, 115.63, 112.57, 54.56; HRMS Calcd for Cy0H17NO4Cl [M+H]*: 370.0846. Found 370.0844. Anal.

Calcd. For CxH16NO4Cl-1/8 H,0: C, 64.57; H, 4.40; N, 3.76. Found C, 64.51; H, 4.58; N, 3.69.

Synthesis of compound 4-108: Following the procedure described for the synthesis of 4-104, compound 4-108
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was prepared from 4-107 (440 mg, 2.0 mmol), 4-103 (264 mg, 2.4 mmol) and aqueous solution of 5M NaOH
(1.0 ml, 5 mmol) in DMSO (4.5 ml). A yellow solid was isolated in 53 % yield (330 mg, 1.1 mmol). *H-NMR (600
MHz, CDCl5) 6 8.52 (d, J = 2.4 Hz, 2H), 8.05 (dd, J = 8.9, 2.8 Hz, 2H), 6.98 (d, J = 8.2 Hz, 2H), 6.89 (d, J = 8.3 Hz,
2H), 6.75 (d, J = 8.3 Hz, 1H), 4.85 (brs, 1H).

Synthesis of compound 4-110: A solution of CuSO4:5H,0 (172 mg, 0.69 mmol) in methanol (3 ml) was added to
a solution of NaBH4 (65 mg, 1.72 mmol) and 4-108 (107 mg, 0.35 mmol) in dichloromethane (5 ml) and
methanol (0.5 ml) and stirred at 0°C. After 2.5 hours, NaBH, (32 mg, 0.85 mmol) was added to the reaction and
stirred at 0°C for 1 h, then quenched with water. The organic layer was washed with water and brine, dried with
sodium sulfate, and evaporated. The crude product was dissolved in ethyl acetate. The organic layer was
washed with water and brine, dried with sodium sulfate and filtered. After solvent was removed in vacuo, the
residue was washed with dichloromethane and 41 mg of 4-110 (43%) was obtained. Ocher powder. *H-NMR
(600 MHz, CDs;0D) & 6.96 (d, J = 2.1 Hz, 1H), 6.72(d, 1H, J = 8.9 Hz), 6.66-6.70 (m, 4H), 6.63 (dd, 1H, J = 8.9, 2.8
Hz). 3C-NMR (150 MHz, CD;0D) & 153.7290, 152.5800, 146.7968, 146.5287, 122.8886, 120.4853, 118.9533,

116.8661, 116.5692, 116.4065.

Synthesis of compound 4-68: m-anisoyl chloride (27 mg, 0.16 mmol) was added to solution of 4-110 (37 mg,
0.13 mmol) in THF (3 ml) and stirred at room temperature. After 45 min, the reaction was quenched with water
and diluted with ethyl acetate. The organic layer was washed with saturated aqueous solution of a sodium
hydrogen carbonate, aqueous solution of 1M HCI, water and brine, dried with sodium sulfate and filtered. After
solvent was removed in vacuo, the residue was purified by silica-gel chromatography (10:1 chloroform/acetone)
to afford 41 mg (74 %) of 4-68. Colorless prisms (hexane/ethyl acetate); mp 192-193°C; *H NMR (600 MHz,
CD;0D) 6 8.07 (d, J = 2.2 Hz, 1H), 7.55 (dd, J = 8.9, 2.8 Hz, 1H), 7.48 (d, J = 7.5 Hz, 1H), 7.46 (t, J = 2.1 Hz, 1H),
7.41 (t, J = 7.6 Hz, 1H), 7.13 (dqg, J = 6.9, 1.4 Hz, 1H), 6.83 (m, 3H), 6.77 (dt, J = 9.0, 2.8 Hz, 2H), 3.86 (s, 3H); 13C
NMR (150 MHz, CDsOD) 6 168.56, 161.34, 154.96, 152.99, 150.75, 137.31, 135.91, 130.76, 127.29, 122.64,
120.86, 120.72, 119.91, 118.84, 117.22, 114.35, 113.88, 55.92; HRMS Calcd for C2oH17NO4Br [M+H]*: 414.0341.

Found 414.0342. Anal. Calcd. For C0H16NO4Br: C, 57.99; H, 3.89; N, 3.38. Found C, 57.74; H, 3.94; N, 3.24.

Synthesis of compound 4-112: Under argon atmosphere, aqueous solution of 5M NaOH (1.0 ml, 5 mmol) was
added to DMSO (3 ml) and stirred. After 15 min, hydroquinone 4-103 (264 mg, 2.40 mmol) was added to the
mixture and stirred at 50°C. After 15 min, 4-111 (333 mg, 2.0 mmol) was added to the reaction and stirred at
50°C. After 2.5 h, the reaction was poured into ice water and filtered. The crude product was purified by
silica-gel chromatography (2:1n-hexane:acetone) to afford 4-112 (377 mg, 74 % yield). yellow powder; *H-NMR
(600 MHz, CDCls) 6 8.54 (d, 1H, J = 2.8 Hz), 8.28 (dd, 1H, J = 9.6, 2.8 Hz), 7.00 (dt, 2H, J = 9.0, 2.8 Hz), 6.92 (dt,
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2H,J=9.0, 2.8 Hz), 6.85 (d, 1H, J = 9.6 Hz), 5.1 (brs, 1H).

Synthesis of compound 4-113: Following the procedure described for the synthesis of 4-110, compound 4-113
was prepared from 4-112 (121 mg, 0.47 mmol), NaBH4(178mg,4.7mmol) and solution of CuSO4-5H,0 (235 mg,
0.94 mmol) in methanol (3 ml) in dichloromethane (5 ml). A pale brown solid was isolated in 81% yield (86 mg,
0.38 mmol). *H-NMR (600 MHz, CDs0D) 6 6.93 (d, J = 2.8 Hz, 1H), 6.88 (dd, J = 8.9, 2.8 Hz, 1H), 6.83 (dt, J = 8.9,
2.0 Hz, 2H), 6.76 (dt, J = 8.9, 2.8 Hz, 2H), 6.69(d, J = 8.9 Hz, 1H); *C-NMR (150 MHz, CD;0D) & 155.0407,

152.9917, 150.9140, 145.3319, 122.4098, 120.8779, 120.3225, 118.9629, 117.4214, 117.2012, 104.8880.

Synthesis of compound 4-70: Following the procedure described for the synthesis of 4-61, compound 4-70 was
prepared from 4-113 (85 mg, 0.38 mmol), anisole chloride (76mg, 0.45 mmol) in THF (8 ml). the
residue(129mg) was purified by silica gel column chromatography (eluent: n-hexane/ethyl acetate 3:2 to 2:3) to
give 120 mg of clude (include 4-70). The crude (76 mg) was purified by flash chromatography and 33 mg of 4-70
(0.091 mmol, 39 %) was obtained. The compound was recrystallized with acetonitrile. : Colorless prisms
(acetonitrile); mp 229-230°C; *H NMR (600 MHz, acetone-ds) 6 9.74 (br, 1H), 8.29 (t, J = 3.1 Hz, 1H), 7.94 (dt, J =
8.9, 2.8 Hz, 1H), 7.55(dd, J = 6.9, 2.1 Hz, 1H), 7.41 (t, J = 8.2 Hz, 1H), 7.14 (ddd, J = 8.2, 2.8, 1.4 Hz, 1H), 7.01 (dt,
J=9.0, 2.1 Hz, 1H), 6.91 (dt, J = 9.0, 2.8 Hz, 2H), 6.87 (d, J = 9.0 Hz, 1H), 3.85 (s, 3H); 3C NMR (150 MHz,
DMSO-dg) 6 165.29, 159.21, 156.02, 154.67, 146.87, 135.66, 133.99, 129.67, 127.34, 124.67, 121.07, 119.84,
117.55, 116.02, 112.93, 101.50, 55.37; HRMS: Calcd for C51H17N204 [M+H]+: 361.1188. Found 361.1187. ; Anal.

Calcd. For C21H16N204-1/4 H,0: C, 69.13; H, 4.56; N, 7.68. Found C, 69.19; H, 4.57; N, 7.81.

Synthesis of compound 4-115: Following the procedure described for the synthesis of 4-112, compound 4-115
was prepared from 4-74 (349 mg, 2.0 mmol), 4-103 (264mg, 2.4 mmol) and aqueous solution of 5M NaOH (1.0
ml, 5 mmol) in DMSO (4.5 ml). A yellow solid was isolated in 46% yield (307 mg, 0.91 mmol). *H-NMR (600 MHz,
acetone-ds) & 8.40 (s, 2H), 6.80 (dt, J = 9.6, 2.8 Hz, 2H), 6.76 (dt, J = 9.0, 2.8 Hz, 2H) ; *C-NMR (150 MHz,

acetone-ds) 6 154.3008, 154.2051, 153.8508, 150.2986, 145.6644, 131.2831, 125.7775, 116.9305.

Synthesis of compound 4-72: A solution of CuSO4-5H,0 (250 mg, 1.0 mmol) in methanol (5 ml) was added to a
solution of NaBH4 (96 mg, 2.54 mmol) and 4-115 (150 mg, 0.50 mmol) in dichloromethane (5 ml) and stirred at
0°C. After 2.5 hours, quenched with water and the reaction mixture was filtered through Celite. The organic
layer was washed with water and brine, dried with sodium sulfate, and evaporated. The crude product (104 mg,
include 4-116) was obtained. M-anisoyl chloride (55 mg, 0.32 mmol) was added to solution of the crude
product (4-116) in THF (10 ml) and stirred at room temperature. After 40 min, the reaction was quenched with

water and diluted with ethyl acetate. The organic layer was washed with saturated aqueous solution of a
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sodium hydrogen carbonate, aqueous solution of 1M HCI, water and brine, dried with sodium sulfate and
filtered. After solvent was removed in vacuo, the residue (129mg) was purified by silica gel column
chromatography (eluent: n-hexane/ethyl acetate 3:1 to 2:1) to give 29 mg of starting matelial 4-115 (0.10 mmol,
10%), 7mg of 4-72 and 67 mg of mixture (include 4-72). The mixture was purified by preparative TLC and 29mg
of 4-72 (0.072 mmol, 14 %) was obtained. The compound was recrystallized with chloroform. 4-72: Colorless
prisms (chloroform); mp 168-169°C; 'H NMR (600 MHz, acetone-ds) & 9.78 (br, 1H), 8.22 (br, 1H), 8.97 (d, J = 2.0
Hz, 2H), 7.57 (d, J = 7.5 Hz, 1H), 7.53 (t, J = 2.1 Hz, 1H), 7.43 (t, J = 7.9 Hz, 1H), 7.16 (dd, J = 8.3, 2.8 Hz, 1H), 6.78
(dt, J=9.0, 2.1 Hz, 2H), 6.70 (dt, J = 9.6, 2.8 Hz, 2H), 3.87 (s, 3H); 3C NMR (150 MHz, CD;0D) & 168.62, 161.37,
153.73, 151.73, 145.13, 138.16, 137.02, 130.82, 122.28, 120.79, 119.07, 116.89, 116.73, 113.98, 55.95; HRMS
Calcd for CyH16NO4Cl; [M+H]*:404.0456. Found 404.0459. Anal. Calcd. For CxH1sNO4Cla: C, 59.42; H, 3.74; N,

3.46. Found C, 59.17; H, 3.85; N, 3.26.

Synthesis of compound 4-119, 4-120: Under argon atmosphere, m-(benzyloxy)phenol (414 mg, 2.1 mmol) was
added to 4-117 (327 mg, 2.1 mmol), K,COs (342 mg, 2.7 mmol) and DMF (3 ml) and stirred at room
temperature. After 3.5 hours, the reaction was quenched with water and diluted with ethyl acetate. The organic
layer was washed with saturated aqueous solution of a sodium hydrogen carbonate, aqueous solution of 1M
HCI, water and brine, dried with sodium sulfate and filtered. After solvent was removed in vacuo, the residue
was purified by silica gel column chromatography (eluent: n-hexane/ethyl acetate 15:1 ) to afford mixture of
4-119 and 4-120 (389mg,1.77mmol, 86%, 4-119 : 4-120 = 1:1) .4-119: *H-NMR (600 MHz, CDCls) & 8.06 (t, J =
8.9 Hz, 3H), 7.44 (d, J = 7.5 Hz, 2H), 7.39 (t, J=6.9, 2H), 7.34 (t, J = 6.9 Hz, 1H), 7.01-7.02 (m, 4H), 6.76 (ddd, J=9.6,
2.7, 1.4 Hz, 1H), 6.69 (dd, J = 12.4, 2.8 Hz, 1H), 5.07 (s, 2H) ; 4-120: *H-NMR (600 MHz, CDCl;) § 8.01(dd, J= 8.9,
6.2 Hz), 7.43 (d, J = 6.9 Hz, 2H), 7.39 (t, J = 7.6 Hz, 2H), 7.34 (t, / = 6.9 Hz, 1H), 6.9-7.1 (m, 4H), 6.78 (ddd, J = 9.3,

6.9, 2.7 Hz), 6.55 (dd, J = 10.8, 2.7 Hz), 5.06 (s,2H).

Synthesis of compound 4-62: The mixture (4-119 and 4-120, 59 mg) was dissolved in THF (3 ml) and methanol
(3 ml). Palladium hydroxide on carbon (9 mg) was suspended in the solution and stirred under hydrogen
atmosphere. After 17.5 h, the reaction mixture was filtered through Celite and evaporated. The mixture of
4-121 and 4-122 (35 mg) was obtained. Following the procedure described for the synthesis of 4-61, compound
4-62 was prepared from mixture (4-121 and 4-122, 35 mg), anisole chloride (44 mg, 0.26 mmol) in THF (5 ml).
The crude product was washed with dichloromethane and purified by silica gel column chromatography
( n-hexane/ethyl acetate 2:1) to afford 4-62 (12.5 mg, 0.035 mmol, 13 % from 4-117) and 4-123 (8.3 mg, 0.024
mmol, 8 % from 4-117). 4-62: Pale brown prisms (hexane/ethyl acetate); mp: 156-157°C; *H NMR (600 MHz,
CD30D) 6 7.51 (d, J = 2.7 Hz, 1H), 7.50 (s, 1H), 7.48 (d, J = 2.8 Hz, 1H), 7.41 (t, J = 7.9 Hz, 1H), 6.91 (dt, / = 8.9, 2.1

Hz, 2H), 6.81 (dt, J = 8.9, 2.4 Hz, 2H), 6.73 (m, 2H) 3.86 (s, 3H); 1*C NMR (150 MHz, CDsOD) & 169.06, 161.29,
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159.59 (d, J = 10.05 Hz), 159.06, 157.42, 155.50, 149.61, 136.57, 130.83, 129.03, 122.42, 120.83, 120.52 (d, J =
12.93 Hz), 119.07, 117.40, 113.90, 113.51, 105.84 (d, J = 22.98 Hz), 55.95; HRMS Calcd for Cy0 H17 NO4F [M+H]":
354.1142. Found 354.1141. Anal. Calcd. For Cy0H16NO4F-1/8 H,0: C, 64.30; H, 4.11; N, 3.75. Found C, 64.11; H,
4.23; N, 3.73. 4-123: Colorless prisms (hexane/ethyl acetate); mp: 146-147°C; *H NMR (600 MHz, CDs0D) § 7.77
(dd, J=8.9, 6.2 Hz, 1H), 7.42 (d, J = 8.3 Hz, 1H), 7.35-7.40 (m, 2H), 7.10 (ddd, J = 8.2, 2.3, 1.4 Hz, 1H), 6.93 (d, J =
6.9 Hz, 2H), 6.84 (td, J = 8.9, 3.4 Hz, 1H), 6.79 (dt, ) = 6.2, 2.0 Hz, 2H), 6.53 (dd, J = 10.3, 2.8 Hz, 1H), 3.83 (s, 3H).
13C NMR (150 MHz, CDs0D) & 168.81, 162.93, 161.31, 155.66, 154.15, 149.45, 137.03, 130.76, 128.14, 125.29,

121.83, 120.61, 119.00, 117.36, 113.70, 109.82 (d, J = 22.98 Hz), 105.52 (s, J = 27.29 Hz), 55.88.

Synthesis of compound 4-73: Under argon atmosphere, m-(benzyloxy)phenol (602 mg, 3.0 mmol) was added to
4-124 (533 mg, 3.0 mmol), K,COs3 (499 mg, 3.6 mmol) and DMF (5 ml) and stirred at room temperature. After 3
hours, the reaction was poured into ice water and filtered. The crude product was purified by silica-gel
chromatography (5:1 n-hexane:acetone) to afford 4-125 as a mixture (84 mg).The mixture (include 4-125, 59
mg) was dissolved in THF (3 ml) and methanol (3 ml). Palladium hydroxide on carbon (9 mg) was suspended in
the solution and stirred under hydrogen atmosphere. After 17.5 h, the reaction mixture was filtered through
Celite and evaporated. The mixture of 4-127 (35 mg) was obtained. Following the procedure described for the
synthesis of 4-61, compound 4-73 was prepared from mixture of 4-127 (35 mg), anisole chloride (44mg, 0.26
mmol) in THF (5 ml). The crude product was washed with dichloromethane and purified by preparative TLC to
afford 4-73 (30 mg, 0.082 mmol, 3.9 % from 4-124). The compound was recrystallized with n-hexane/ethyl
acetate. 4-124: Pale brown prisms (hexane/ethyl acetate); mp 141-141.5°C; *H NMR (600 MHz, CD;0D) &§ 7.52
(dd, J =8.2,1.2 Hz, 1H), 7.49 (t, J = 2.1 Hz, 1H), 7.42 (t, J = 8.2 Hz, 1H), 7.28 (td, J = 8.9, 2.1 Hz, 1H), 7.15 (dd, J =
8.2, 2.7 Hz, 1H), 6.91 (dt, J = 8.9, 2.1 Hz, 2H), 6.79 (dt, J = 8.9, 3.1 Hz, 2H), 6.73 (td, J = 8.9, 2.8 Hz, 1H), 3.86 (s,
3H); *3C NMR (150 MHz, acetone-ds) 6 166.25 (d, J = 10.05 Hz), 160.70, 155.11, 146.00 (dt, J = 247.04, 10.82 Hz),
144.99, 143.29 (dd, J = 245.58, 12.93 Hz), 136.39, 130.45, 123.20 (t, J = 10.07 Hz), 120.87 (d, J = 15.80 Hz),
120.69, 120.53, 118.63, 117.08 (d, J = 12.92 Hz), 114.26, 113.58, 55.72; HRMS Calcd for Cyo Hig NO4F, [M+H]":
372.1047. Found 372.1058. Anal. Calcd. For C;0H16NO4F-1/8 H,0: C, 64.30; H, 4.11; N, 3.75. Found C, 64.11; H,

4.23; N, 3.73.

Synthesis of compound 4-131: Under argon atmosphere, 4-5 (676 mg, 4.8 mmoll) was added to 4-130 (801 mg,
4.0 mmol), triethylamine (489 mg) and dry DMF (5 ml) and stirred at 85 °C. After 87 hours, the reaction was
qguenched with water and diluted with ethyl acetate. The organic layer was washed with saturated aqueous
solution of a sodium hydrogen carbonate, aqueous solution of 1M HCI, water and brine, dried with sodium
sulfate and filtered. After solvent was removed in vacuo, the residue was purified by silica gel column

chromatography (n-hexane/ethyl acetate 4:1 to 2:1) to give 296 mg (0.92 mmol, 23%) of 4-131. 'H NMR (600
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MHz, CDCls) 6 8.07 (dt, J = 9.6, 2.0 Hz, 2H), 7.43 (d, J = 6.8 Hz, 2H), 7.39 (t, J = 7.6 Hz, 2H), 7.33 (t, J = 7.6 Hz, 1H),

7.13 (brd, J = 8.9 Hz, 2H), 6.99 (dt, J = 8.9, 2.1 Hz, 2H), 6.75 (d, J = 8.9 Hz, 2H), 5.07 (s, 2H).

Synthesis of compound 4-132: Sodium hydride (60 mg, 1.5 mmol) was washed with n-hexane twice. A solution
of 4-131 (162 mg, 0.51 mmol) in dry DMF (2 ml) was added to a suspension of sodium hydride in dry DMF (3
ml) at 0°C, and the mixture was stirred at room temperature for 30 min. lodomethane (212 mg, 1.5 mmol) in
dry DMF (1 ml) was added at 0°C, and stirring was continued at room temperature for 30 min. Remaining
iodomethane was removed in vacuo. The residue was poured into water and filtered to afford 140 mg of 4-132
(0.42 mmil, 83 %). Yellow powder. *H NMR (600 MHz, CDCl;) & 8.03 (dt, J = 8.9, 2.1 Hz, 2H), 7.44 (d, J = 6.9 Hz,
2H), 7.40 (t, J = 7.6 Hz, 2H), 7.34 (t, J = 6.9 Hz, 1H), 7.12 (dt, J = 8.9, 2.0 Hz, 2H), 7.03 (dt, J = 8.9, 2.0 Hz, 2H),
6.58 (dt, J = 7.6, 2.1 Hz, 2H), 5.08 (s, 2H), 3.34 (s, 3H).**C NMR (150 MHz, CDCl3) § 157.50, 154.18, 139.36,

137.82, 136.58, 128.68, 128.23, 128.17, 127.50, 125.82, 116.30, 111.86, 70.32, 40.67.

Synthesis of compound 4-134: 4-132 (99 mg, 0.30 mmol) was dissolved in THF (1.5 ml) and methanol (1.5 ml).
Palladium hydroxide on carbon (13 mg) was suspended in the solution and stirred under hydrogen atmosphere.
After 18 h, the reaction mixture was filtered through Celite and evaporated. 76 mg of residue include 4-133 was
obtained. M-anisoyl chloride (50 mg, 0.29 mmol) was added to solution of residue (76mg, include 4-132) in THF
(5 ml) and stirred at room temperature. After 40 min, the reaction was quenched with water and diluted with
ethyl acetate. The organic layer was washed with saturated aqueous solution of a sodium hydrogen carbonate,
aqueous solution of 1M HCI, water and brine, dried with sodium sulfate and filtered. After solvent was removed
in vacuo, the residue was purified by silica gel column chromatography (hexane/ethyl acetate 3:1 to 3:1) to give
4-132 (8 mg, 8% from 4-132). Pale brown columnar (ethyl acetate); mp 167.5-168°C; 'H NMR (600 MHz,
acetone-ds) 6 7.60 (d, J = 9.0 Hz, 2H), 7.53 (d, J = 8.9 Hz, 2H), 7.50 (t, J = 7.9 Hz, 1H), 7.08 (dd, J = 8.3, 2.8 Hz, 1H),
6.98 (dt, J = 8.9, 2.0 Hz, 2H), 6.83 (dt, J = 8.9, 2.1 Hz, 2H), 6.74 (dt, J = 8.9, 2.0 Hz, 2H), 3.84 (s, 3H), 3.20 (s, 3H).
13C NMR (150 MHz, acetone-dg) & 165.47, 160.65, 154.97, 147.60, 142.33, 137.94, 131.45, 130.22, 126.83,

122.21,122.11, 120.21, 117.82, 116.90, 116.54, 113.39, 55.67, 40.95.

HL-60 Cell Differentiation Assay

HL-60 cells were cultured in RPMI-1640 medium supplemented with 5% FBS and penicillin G and
streptomycin at 37 °C under 5% CO; in air. The cells were diluted to 8.0 x 10* cell/mL with RPMI-1640 (5% FBS),
and ethanol solution of a test compound was added to give 10°to 10 M final concentration. Control cells were
treated with the same volume of ethanol alone. 1a,25(0OH),D; was always assayed at the same time as a
positive control. The cells were incubated at 37 °C under 5% CO, in air for 4 days. The percentage of
differentiated cells was determined by nitro-blue tetrazolium (NBT) reduction assay. Cells were incubated at

37 °C for 20 min in RPMI-1640 (5% FBS) and an equal volume of phosphate-buffered saline (PBS) containing
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NBT (0.2%) and 12-O-tetradecanoylphorbol 13-acetate (TPA; 200 ng/mL). The percentage of cells containing

blue-black formazan was determined in a minimum of 200 cells.

SC-3 Growth Inhibition Assay

SC-3 cells were cultured in MEMa (Wako Co.) supplemented with 2% FBS (fetal bovine serum) and 1 nM DHT at
37°C in an incubator under an atmosphere of 5% CO, in humidified air. All experiments were performed in
triplicate or more. Cells were trypsinized and diluted to 20,000 cells/mL with MEMa supplemented with 2%
charcoal-stripped FBS. This cell suspension was seeded in 96-well plates at a volume of 100 uL/well and the
plates were incubated for 24 h. Then, 10 pL of medium was removed from each well, and replaced with 10 pL
of drug solution supplemented with serial dilutions of test compound or DMSO as a dilution control in the
presence of 1 nM DHT. The plates were incubated at 37°C under 5% CO; in air for 3 days, and the cell number
was determined using a Cell Counting Kit-8 (Dojindo). A 10 puL aliquot of WST-8
[2-2(methoxy-4-nitrophenyl)-3-(4-nitrophenyl)- 5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt] was
added to each well, then the cells were incubated for 2 h, and the absorbance at 450 nm was measured with a
microplate reader. This parameter is proportional to the number of living cells in the culture. Initially we tested
the activity of compounds at the concentration of 10 uM, and if the inhibition exceeded 50% at the
concentration of 10 uM, the ICso value was determined in the concentration range of 0.01 to 10 uM. ICs (Table

4-1) is the concentration of test compound that reduces DHT-induced cell growth to 50% of the control.

LNCaP cell proliferation assay

The human prostate adenocarcinoma cell line LNCaP was routinely cultivated in RPMI-1640 supplemented with
10% FBS at 37°C in an incubator under an atmosphere of 5% CO; in humidified air. All experiments were
performed in triplicate or more. Cells were trypsinized and diluted to 20,000 cells/mL with RPMI-1640
supplemented with 10% charcoal-stripped FBS. This cell suspension was seeded in 96-well plates at a volume of
100 pL/well and the plates were incubated at 24 h. Then, 10 pL of medium was removed from each well, and
replaced with 10 pL of the drug solution supplemented with serial dilutions of the test compounds or DMSO as
a dilution control in the presence or absence of 10 nM DHT. The final concentrations of compounds were 10 nM
to 10 uM. Cells were incubated for 6 days, and half of the medium was removed and replaced once after 3 days
with medium containing test compound or DMSO as a dilution control in the presence or absence of 10 nM DHT.
At the end of the incubation, proliferation was evaluated by adding 10 uM WST-8 to microcultures and
incubating the cells for 2 h. The absorbance at 450 nm was measured. This parameter is proportional to the

number of living cells in the culture.

22Rv1 growth inhibition assay

The human prostate cancer cell line 22Rv1 was routinely cultivated in RPMI-1640 supplemented with 10% FBS
at 37 °C in an incubator under an atmosphere of 5% CO, in humidified air. All experiments were performed in
triplicate or more. Cells were trypsinized and diluted to 20,000 cells/mL with RPMI-1640 supplemented with

10% charcoal-stripped FBS. This cell suspension was seeded in 96-well plates at a volume of 100 uL/well and
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the plates were incubated at 24 h. Then, 10 pL of mediumf was removed from each well, and replaced with 10
pL of drug solution supplemented with serial dilutions of test compound or DMSO as a dilution control in the
presence of 1 nM DHT in triplicate microcultures. After incubation for 3 days, cell proliferation was evaluated by
adding 10 uM WST-8 to microcultures and incubating the cells for 2 h. The absorbance at 450 nm was measured.

This parameter is proportional to the number of living cells in the culture.

PC-3 growth inhibition assay

The human prostate cancer cell line PC-3 was routinely cultivated in RPMI-1640 medium supplemented with
10% FBS at 37°C in an incubator under an atmosphere of 5% CO, in humidified air. Cells were trypsinized and
diluted to 20,000 cells/mL with RPMI-1640 supplemented with 10% charcoal-stripped FBS. This cell suspension
was seeded in 96-well plates at a volume of 100 pL/well and incubated at 24 h. Then, 10 uL of medium was
removed from each well, and replaced with 10 pL of drug solution supplemented with serial dilutions of test
compound or DMSO as a dilution control in the presence of 1 nM DHT. Cells were incubated for 3 days, and at
the end of the incubation time, proliferation was evaluated by adding 10 uM WST-8 to the microcultures and
incubating the cells for 2 h. The absorbance at 450 nm was measured. This parameter is proportional to the

number of living cells in the culture.
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