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11 A RIZHO>NT

A & (Silicon, Si) 1%, WX TRELFELE VKRBT DR ThD, RRITFET DT
A FIL, HBERRT D20HKREL LT, BEORIZZNWI EDRHMLATND ', RIROTAHFED
%< IE, AARETICIBE LA L, YU B (Si0,) T A A A (Si0*, 51,0, & LT
FELTND,

PR3 & A BINEER S LIS 2 H T 2T AT A FFEIR L MRS i, 1863 I
C.Friedel H1I7 F 7 =F T (BSi) &KL, NN RIOFRET A ZFHEROILFEE K
BlLipolz, ZO%RLAWT A FFBIROWZITEAIATONTE Y, 20 HiLOFIHIZIZT =
FH UM (-SiR,-0-SiRy-) AT DRV U a—r PR Ihz, KU U a—iF, L%#H
REVE « TEWES SHET D RFEIEMITITRE LN WVFHEEZ NSO FELTEY, BIEET
2. ZOWEEEN LYY a UBIIERA A VEZ S OBEREE S TWD, ZOMO 7 A
FOFMFIE LTE, @MED T A RPFEELKGEMFEOREE LTHNLORTERY, 8
TETIE. HMEE 99.9999999999999% (15 nine) DK L — RO EMEE 7 A FDAEPES LT
%7

FABAERDOSETYH, A FIXT L a— L {E#EE (O-TMS, O-TBS %) & LTHEM S
0. TR T L OBBICIERIIZ L DT L a— A ~DOEHE R (ER- 7V v ZBbRIE)
PRV N ) =N —T N ERWD TV R VR (AT OV R—VOR) 4 7 A Rk L
NaF A DT DT MMl N7 u A v P RIS WLz Al v F Y TR
IR TFEIZHWLNTZD LT D,

! Birchall, J.D. The essentiality of silicon in biology, Chem. Soc. Rev. 1995, 24 351-357.

PEBINR, EREETR BRSO AR EFFEA 2013

* Tamao, K., Discovery and synthetic appolications of novel silicon-carbon bond cleavage reactions based
on the coordination number change of organosilicon compounds. Proc. Japan Acad., Series B, 2008, 84,
123-133.

* Mukaiyama, T., Explorations into New Reaction Chemistry. Angew. Chem. Int. Ed. 2004, 43,
5590-5614.

3 Hatanaka, Y .; Hiyama, T., Cross-coupling of organosilanes weth organic halides mediated by a
palladium catalyst and tris(diethylamino)sulfonium difluorotrimethylsilicate. J. Org. Chem. 1988, 53,
918-920.



12 ABERNICBITBArA BB =

A BRITEERNICBFEL TWD, FAREHHOEDLY L LT, oL FE&Ty FTHA
FERZIENRESNTBY . FABORZIFZRBICERELRETZENnhoTWVD, £D
BRI A FORZHEEEMET D2HT L L THEERSOBEGRHERI STV D23, 37
S Tunen s,

—J7. BEE EHMICB VT, S A BEO —HOBEE VXY O~ FIZBW T A
FITAEEZLTDICHBERAIRZIEETHDLZENALNT WD, 7 A BITHEET D887 A BE
Dika DL Do, REREHR, Vo OMIZTr A BN —EOEIGHELINTWDS, £, b
7 IR ORI L7e 7 A i 2 ITK Y, ERS N Ay EL L, X REETEKT 5,
Z o, —EHOMEFHEM TL A FOFAMENEOONTEY, FTHA RXBOMEMIT T A 3
LMD E L THOENTWD T, A FRIIA RERIET HRORER L LTHETHY, XL
(CER LTI A FRIIN B DOREGEREHF R D OKBE» SR 2 R L, ZRBUC L 2K Db &2
RANRICIZ 2BE 2L 22 bMbR TS S,

EDXSIT, EENIZB T 74 ROBHE BN @GSN TS, L7, Ehbix
L EmE LT A F (R4 2L LTBY ., BRENZ LICARR LG A
FHERODBFERINIHNT, FHE LR BEE TRES LTV 1

Figure 1-1. FEIRPED 71 5 !

O RAKIER, WEMIEN T D A FEOFIGRE. H A LENEE MRS 2004, 72, 387-391.

" Epstein, E., SILICON Annu. Rev. Plant Physiol. Plant. Mol. Biol. 1999, 50, 641-664.

8 Ma, I.F.; Yamaji, N.; Mitani, N.; Tamai, K ; Konishi, S.; Fujiwara, T.; Katsuhara, M.; Yano, M., An
efflux transporter of silicon in rice. Nature 2007, 448, 209-212.

P IRFB LA BPEERES LTLED

19 Prasad, H., Organosilicon Reagents in Natural Product Synthesis. Resonance. 2002, 7, 48-64.
Wragygruad=y bkR—2A3— http//www .u-gakugei.ac.jp/~diatom/japan/index .html



1.3 AIEMPICBITEHTIAHR

TAFE (S 1E KFE (C) EREDOTLHETHDL Z b, AR T, A RERFEOD
RBFTEFEE LCHAT L Z ENRALN TS (Figure 1-2), RFEE 7 A RICEBRT LR L L

FYA X REEAOEN, TREEMEOm b, BREMEEDOEN (BEMOMmWY) (2X0 | EE.
BPRE, ANEREOLL - WELBIFSND, £ T A RIZEBRT L L TILEDDRFF
LOFRENRGONDLATREME S B D % LIT, 7 A F L IRFD I X ORIFFEA~DIEH O 7]
HEPEIC DWW TR B,

13 14 15 16

B CI{N|O

Al 'Siy P |S
Ga Ge| As | Se
In Sn| Sb | Te
Ti Pb| Bi | Po

Figure 1-2. A& CO 7 A FOJELR T

) HFIAX-HEEM

RFEBLOT A FOIFRBELRIZIENENTTIBL O 11Tpm THY 7 A EDOFHBKI 1.5 1%
RWZEBRHMBNTWD, Fi2, KFE - T4 F (C-Si) MAEBLOKE - KRFE (C-C) HEDK
T OTFEIHRIZZN TN 187 A, 154 ATHY . BiHEOFHN20%ENZ EHbMOENTND
B, k72, FAKRELRIRFELZFOLRT EEXBEOMAAICONTL, 74 ZFERORKE A
(£C-Si-C) &, 7 A ZHEARDRFE - 71 F (C-S) MENRENLEMDKE - K% (C-C) i
BEVRWZ L THEADSAREENEMS L, ZOREL LTRFELEVOMESM (LC-C-C)
LR ST DGEND D,

DX BT AFRDENILD5FHA X - fEGHEE - $56MOZMIE, ALEWD in vitro T
DA PRYEPECBRINME I B A AT TR REED B D,

'2 Showell, G.A; Mills, J.S., Chemistry challenges in lead optimization : silicon isosteres in drug
discovery. Drug Discovery Today 2003, 8, 551-556.

13 Franz, A K.; Wilson, S.0. Organosilicon Molecules with Medicinal Applications, J. Med. Chem., 2013,
56, 388-405.



(2) NEiarE

A FBHEERIL, ST HRFEMAED LY IREEINBVZ XML TV D, FlZIE,
t-butylbenzene DA 27 % /) — V7K A3ECAREL P 13 log PEIC LT 4.0 TH LD L, 5T 5 7 A
FAHEIRTH D trimethylsilylbenzene @ log Pl 47 TH 2 2, VA XCL->TZDL IR
FREVED LN AL D, ABITIE, REDDGTFHA AORENWTARIZBEEHRDLZ LT, &
FORHBEMNPRKEL 2D | ZOREIREMEN M E3 25 (Figure 1-3),

Me Me
O O
Me Me

Figure 1-3. ¢- butylbenzene (/) & trimethylsilylbenzene (47) ™

festimm Flc kv . A OMBBITIECENICR T 2 EYBIRROWEICEND L EZLND
B, E e ALBMOIREIEIT AL B DN ~EAT T D BRICFEEE & 72 % blood-brain barrier (BBB) O
FBIZHEENH DL LEDNTND S Thbb, (LEWMOIREMELZ M LS5 2 & T, HEE
KT I NA 7 —JFIEFEIE R EOMN~SBITSE L LER D H LGOI E W LD L
DTEDAREMED D D,

UEDXSIZ, rAFOBAN LD EEEOM EiX. EILEWD in vivo TOIEMIZEE %
FIETAlettnid s LE2 b5,

CHRTHERS A B AR U USSR E O EEB R KRB R SR SRk 26
R

'S Waring, M.J., Lipophilicity in drug discovery. Expert Opinion on Drug Discovery, 2010, 5, 235-248.

16 Clark, D.E., In silico prediction of blood-brain barrier permeation. Drug Discovety Today, 2003, 8,
927-933.



(3) ERFRMEER JOWRMEE

IRFE, T A FOBIEMEIZENZEIL, 250 KN 174 THY |, A RIIRFELY LEBXRIC
BtECThoEVWr D T, KoT, TAFVEBRT A F RS- X, FEDIE I DF) ICLVE
FHEGMEERL L L CE<, Bl& LT, trimethylsilyl BEf8 (Me,Si-CH,COOH) K (¥ -7 F )L lEfiR
(Me,C-CH,COOH) ® pKa (ZZZFi, 522 X500 THY, TAF/NVERRTAFE (RSi-) D&
ANZEY, BHEENMETLTND Y,

—7J5. phenol |Z trimethylsilyl %% 3 A9 % & phenol OFEIVEENE L 72D Z EBNHE STV
% (Table 1-1.) ', Ziud, 774 FMS benzene D HEHFE LA Licha. 7 A #D diul &5
FERO g B ORI dr-prafEEBERENDIDE (MBE) L b0iELELLRD Y,

Table 1-1. 7 = / — )VE5EARD M JE O Lk

X pKa

phenol - 10.44
tBu-CcH,OH C 10.54
TMS-C¢H,OH Si 10.06

Fo. MU 7 xz=)L AKX /) —)L (Ph,C-OH) LxtIET D7 A BFERTHL M) 7= T
/ —JV (Ph;Si-OH) @ pKa (DMSO) 1ZZNF1 1697 XN 1657 TH V., ¥ T /) — /L OEEPEEE N
NI ERBNTWD %, ZORAE LT, VT ) —VOlEE EOI BTN, A FED
ZED d WLUB AN L, dr-prfiaaBMT 52 L3RR ENTWD, ZOXHIT, Tir=
— N T ) —VICEERT D TEREENEINT 5 2 b, BRI Z X7 L OKBEREEHRE
2 U, ABEMEOR B2 2R3 5 2 EREIfF D,

"7 Saul Patai, S.; Rappoport, Z. The Chemistry of Organic Silicon Compounds. John Wiley & Sons, Ltd.
1989, ISBN : 0-471-91993-4.

'8 Fujii, S.; Miyajima, Y.; Masuno, H.; Kagechika, H., Increased Hydrophobicity and Estrogenic Activity
of Simple Phenols with Silicon and Germanium-Containing Substituents. J. Med. Chem., 2013, 56,
160-166.

YOBAR, B A FHEIROAR (B 12 ) a5 1967, 87, 524-527.



(4) ZEHE DK

KEEHTIZ, —ERELEME. FEREOREMEENENENLEI/TELED
B, KET DT ABHFERITNVTNOALETHY, BT HZLITIRETH DL, KRFEETA
FOFREAICBIT DHEEOEDNL, sHuE & pLEDIAN Y OEICERTHEZxBND, K
FOMETHETH D 2s #E & 2p WIEIL, JAR Y BIFIFEF U TR X —HEM B < BHIT
BRLTofia s afd a2 RECRT D, —F. 7 A FOMBEFHLETH 5 3s Bl & 3p #l
T HEDIEN D NRES B> TEY 2R AFXF—AMOES KEWTZDITRMA LIZ W

LRI, A FFERN _EESEZER LI WZ EEFIH L ZRT, ~exXY F—1L
(Haloperidol) (%, 7F v 7 = / VRPUEMHIFER CTH D . TARMIRIZEBIT D /8 UAEER, /
NT RUT U AEBRE IR T 2 IGIERIZ L > TR EZHRILL ., HEKRIE, BHEOIREIC
Ao Tng *, LoLans, ~aXY R—=LOREYTH LY V=17 LK HPP+IHH#E
BHEAZAETL22ENAONTEY BAREHT S ETHEE 2> TS 2 B =7 LK HPP+
X, e Y = RBKERTEL DA LT 4 VIRHPTP B, K&EET D52 TAELD, —
Ji. Toa— kT ) — BT Sila-a XY R— L DA, 7 A F-rFEZENES
(Si=C) BWRLETH D72, AL 7 4 K Sila-HPTP 134 U7, #tEE T HPP+HIXxHIGT 5
Sila-HPP+ & Al L 7g o, Bk A [EEC & % (Figure 1-4)

g W

F =
ci y/©/ « |
El = G : Haloperidol \ Ny YR !\\)
El = Si : Sila-haloperidol El=Si /I::j/ﬁ\JJ o /I::]/& z
Cl

cl
Sila—HPP+
Sila-HPTP

Figure 1-4. /"2 XY R—/)L L OE D7 A FifB RO

0V L R—ZA@IESmg EHIA L F Ea—7 54— (KHAREALRER) 20124E2 0 (SET 4520
fiR).

! Kawashima, H.; Tida, Y.;Kitamura, Y .; Saji, H., Binding of 4-(4-chlorophenyl)-1-[4-(4-fluorophenyl)
-4-oxobutyl]pyridinium ion (HPP+), ametabolite of haloperidol, to synthetic melanin : implications for
the dopaminergic neurotoxicity of HPP+., Neurotox Res. 2004, 6, 535-542.

22 Tacke, R.; Popp, F.; Miiller, B.; Theis, B.; Burschka, C.; Hamacher, A.; Kassack, M.U.; Schepmann,
D.; Wiinsch, B.; Jurva, U.; Wellner, E., Sila-haloperidol, a silicon analogue of the dopamine (D2)
receptor antagonist haloperidol : synthesis, pharmacological properties, and metabolic fate.,
ChemMedChem., 2008, 3, 152-164.



MFELO_HEEAGHRIZEB N THIREL T A FETIE WEBER S TWD, [REOGAEITIL.
e A= VDT IR TWB, — . FARICBWTX, A FH-EE E
A (Si=0) WAL ERTD, UA—AH (VT VF—L) IZfm>TW 5 (Figure 1-5) 3,

(0]
. HO OH
M~ "

o)
1 — = HO._ .OH
PN /I\

Figure 1-5. [REFE L 7 A BIZBT D7 b b U — LAl

Table 1-2. 27" L 91T, A #FD h AR (silanone) Tlk, 7 Fr & B LT, nffidTx
NFXF=PELIFDLTND P, KoT, A FFERTITH VoG LWL, fRbvicky
WEZR o B ETERT DI LT, ZRXAF—WICIVLERMEZ LD LN TE D, T72b
H. FARIZBWTIE, 7o F-kFE _EES (Si=0) 2Ly b Ba2 L5806 A —
NI (T VT =) LD HNRTRAFX—CLEL R DD T, I A — AR S,

BT EN, 2OV T IUF— N EEE T T T —BIL L D EEOMKSEERINREE I
v 7 LTcEiE e LCRIAT 2283 ThiLTE D . W OnDE A F 77 7 —BHERMN
WhEIhTn5s %,

Table 1-2. H,C=0 O'H,Si=O D & = % /L F— (kcal/mol)

o TT O+t
H,C=0 93.6 953 188.9
H,Si=0 119.7 58.5 178.2

2 Suzuki, H.; Tokitoh, N.; Okazaki, R.; Nagase, S.; Goto, M., Synthesis, Structure and Reactivity of the
First Kinetically Stabilized Silanethione. J. Am. Chem. Soc. 1998, 120, 11096-11105.

* Herndndez, D ; Lindsay, K B.; Nielsen, L.; Mittag, T.; Bjerglund, K .; Friis, S.; Mose, R.; Skrydstrup, T.,
Further studies toward the stereocontrolled synthesis of silicon-containing peptide mimics. J. Org. Chem.
2010, 75, 3283-3293.



5 TAFLREFEOLEBDOE LD

rAFERFBITEULZME 2R 5T, EikowE
T, A FELERBOLEDOF L H%E/RT (Table 1-3),

Table 1-3. /71 FRFED LG >

VLN R ST E VAT D,

EL

property carbon sillicon
covalent radius 77 pm 117 pm
bond length 154 A (C-0) 1.87 A (Si-C)
lipophilicity log P of PhCMe; : 4.0 log P of PhSiMe; : 4.7
electronegativity 2.5 1.74

acidity of X-OH
stability of X=C and X=X

weakly acidic

stable

more acidic than C-OH

unstable

B Ref. 13 I[ZE0H DT & — Sl i



B2 T ABOAIRLFE~DIEH

21 Vv TVF—NEEEFA LIRS REEBIRET o FERHER

T/va—/L (C-OH) DR#F% 7 A RICEBEWMR I-METH DT /7 —/ (Si-OH) 1F, st
L7 N a—L LR L TEVIKERGTERRE, BIEEEZA L TWD, £/, 7 a— L TEHL
EIWCHHET 2 2 EPREER = I FATF— b, NI A—NAEEL EVEL T Enn, EEE
HlbtEWmOENT 4 7T uy 7 LTHHARKE TS 5,

¥z, oo — i 7 u T 7 — BB L DMK ROERIREET 71~ (transition state
analog; TSA) BIPHEHR & L COMREL (53 2% & LC, ITFEMFIENED 5T % (Figure
2-1), TNETOWIET, W< OPOBEBRET T FRIHERZHIHT 5 Z LI LT

% (Figure 2-2),
OH

R R o
RO " ° R//LRPH HO~ °©+ ©oR
‘) oR
©
HO
?
F{/Si\OH
OR!'
TSA

Figure 2-1. JI7K53 fiERLIRAE & % D TSA

S
@YHHQ S @
N Si\/‘\ﬂ/N HO HO OH (™ OH m HHO or
}\/)t; T]/\,3' {

o O COOH

ACE inhibitor HIV protease inhibitor HNE inhibitor

Figure 2-2. ¥ = X /LU 4 — &2 4 5 TSA BIFHLEH



22 TAXATT UV OEBANCLBEEEOR L

B L@ r A FIIRFE B L TEVEAEEZFT L2 Enb, REEZTA
FITERT L2 & TLAYREROIEEEZR EE I 52 6N TE D, ZO XD REEE#REF]
ALTABERZNE TV D0 lEEN TV S,

RRAYAT—PHERE LTHONDE D VT R T UIZO0 TR, P AFALT Y LT
NVEE BN LT FERTH D BNPI3SO & tert-7 TV AT ALY NVEEEZEANLZFERTH
% DBALEMIZ BV T ARHLZEMED R ELEME 2B ST 5 2 LTI LT\ 5 (Figure 2-3),

N
\
. o}
OH O
BNP1350 DB-67 (n =0)

DB-91 (n=1)

Figure 2-3. 7 VXNV T A FZDOENIZLD KT v 7 T4 7 R ADYE

10



F28 AMEOEH

FHIHITHIRARTZ LI A RIIRELFABEICHETH Y RF LALLM E 2R3 — 5T
RFELITRRDIMWBEGAT LN, A FeGhH LG o EHIEEICHIR SR 5,
LMLt A REHEBEEMEIZOWTIX, FEOEL &<, F5EFE D 7nzo
2. ZDOEYZHRHESIAIE LCofF AMEIC oW TIERMARE DD Z N, £z, W20
A FREEHR LTEERMEMEEY P OBKRRBRB Th CE 2, EBRICERIGH ST
HAEEWITIZE AL BTV (Figure 1-6),

INFETOT A RORIFESDIEHMIENZOWTIEE 2 fichh@my, KERY = I FALUF
— WG A L V1G5 2 L AR LTz TSA BRUIHEARC. 74 ZOmWBUKIEZ R L7271 % v
VIUDBNENRMOENT WD, £ T, KR TIEITAROREFI A XZEB L, B7r (4%
PHERIZ BT 5 W oS K O AR OBE 2 AN E L THIE 21TV 7 A ROWE bR M
BIZAER LA R OIS @b FIEOREZITO 2L & Lic, W, Il S nzim XD
—¥ix. ARG RSB O PG L & O RFERIC L 2R TH D, £2. BD
ELMERICE T 2 FERT —# bR CTHlRET 2.

COOH

| 0
Na:
\ 7 _Si N
0% K
\ .
/sll\

/SI‘ :Sl
-5i-0
/N
BNP1350 (PIII) Cisobitan (PII) TAC101 (PII pib)
(Topo I inhibitor) (Anti-androgen) (RAR ligand)

Figure 1-6. [ KRB £ CHEA T2 A T A EIE A LS

 Gately, S.; West, R., Novel therapeutics with enhanced biological activity generated by the strategic
introduction of silicon isosteres into known drug scaffolds. Drug Development Research Drug Discavery,
2007, 68, 156-163.

2 Alfthan, O.; Andersson, L. Esposti, P.L.; Fossa, S.D.; Gammelgaard, P.A.; Gjores, J.E.; Isacson, S.;
Rasmussen, F.; Ruutu, M.; von Schreeb, T.; Setterberg, G.; Strandell, P.; Strindberg, B., Cisobitan in
treatment of prostatic cancer. A prospective controlled multicenter study. Scand. J. Urol. Nephrol., 1983,
17,37-43.

2 Daud, A.; Valkov, N.; Centeno, B.; Derderian, J.;Sullivan, P.;Munster, P.; Urbas, P.; Deconti, R.C.;
Berghorn, E.; Liu, Z.; Hausheer, F.; Sullivan, D., Phase II trial of karenitecin in patients with malignant
melanoma : clinical and translational study. Clin. Cancer Res. 2005, 11, 3009-3016.

® Rizvi, N.A.; Marshall, J.L.; Ness, E.; Hawkins, M.J.; Kessler, C.; Jacobs, H.; Brenckman, W.D Jr.; Lee,
J.S.; Petros, W.; Hong, W K.; Kurie, J.M., Initial clinical trial of oral TAC-101, a novel retinoic acid
receptor alpha selective retinoid, in patients with advanced cancer. J, Clin, Oncol. 2002, 20, 3522-3532.
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28 X7 FREBEKR THAD 7o VA ZUVER~DF A FDOEA

B1E HEER

11 <~ AVFFo 71—}

BRx 7 A PRSRE AR O EE RN T THH X VX HITAIFEMRICEB W THL R ENTE
D, BERZ ORI BT HZE TEORBELHIET 2ILEMORKENMTOR TS, b
7 BMRETORE RN S, B 7 AOREUL 20,000~25,000 FifETH 0 O, FHRR & E AR S Nk
LTEZDE, B MF U7 EOKREIL 50000~70,000 L H L EREL O TWD, Lo
L. TDO—F5 T, HEEMZNRIT NG, X RTBERAAL DT +—)b FiEE (22 1%
1000 FEFHRREEIC L EE D Z LRI TWD 2, bbb, HEOZ LRI RAAL VR
F—=D7 =NV RaRb, 5 NAALATHEGLED ) Ty NERIZ, thoBEko 2 78
TV H L ROT T — MR DARER S D, DX I & =5y N7 OFEH
AT ) Ay FE#EIL, vV FT o7 L— R ERETND,

BIBEIIZEIZB T D Y — MEBWM OB, FI WA A AP —MRICBTL7A4 77—
MEIZBNT, v FTF o7 — bl LTEMERHALZITS 28 T BEMEDRK FIE
BEAE, DRI —FEY) — MEEWEZRIH T 2 Z LA RE L 2D, RAKRY: o FHilg
LW EERFGERT MBAIFZEE (LA T, BAMZEE) Tl Tizh Y F~A K (Figure 2-1) KO
THINA I FEKESVTFTT o7 L— b & Lcfix OEBEEYWEORIRICKI L T D ¥

35

o

(0]

N (o)
NH

[o 2 e)

Figure 2-1. %V K< A KO

* Stein, L.D., Human genome : End of the beginning. Nature, 2004, 431,915-916.

I Koonin, E.V.; Wolf, Y I.; Karev, G.P., The structure of the protein universe and genome evolution.,
Nature, 2002, 420,218-233.

2 Koch,M.A.; Wittenberg, L.O.; Basu, S.; Jeyaraj, D.A.; Gourzoulidou, E.; Reinecke, K.; Odermatt, A.;
Waldmann, H., Compound library development guided by protein structure similarity clustering and
natural product structure., Proc. Natl. Acad. Sci. 2004, 101, 16721-16726.

3 Hashimoto, Y., Structural development of biological response modifiers based on retinoids and
thalidomide., Mini Rev. Med. Chem. 2002, 2, 543-551.

* Hashimoto, Y., Novel biological response modifiers derived from thalidomide. Curr. Med. Chem.,
1998, 5, 163-178.

3 Hashimoto, Y., Structural development of biological response modifiers based on thalidomide., Bioorg.
Med. Chem. 2002, 10,461-479.
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12 BRXEEL AT oA FHEEK

BEERFO—-FEThHOIBENZERIZ, VI RBEET 52 & THRENIZE T 255 21
I HHRERZ AT D, B FTIEATHA RARAECVZHREEZIZLD & LT 48 B ONZ HIK
DIFET 2 2 ERF BTN D, TS ITHE IR GG HE OFERIMED & < | BN AR
A—=R=T 7 IV —%FRL T D, BENAERITAEGM, EHEERS. IFE - 550N, %
PRI MOk & IR 2 I L T D,

BNZREEDOI B, AT a4 RFEERENREED Y H 2 K eT 22 FK KN KB TH

1

Tl

% (Figure 2-2), Bz iX. estrogen %Z 7&K (ER), progesterone 527K (PR)., androgen 3 Z¥{K
(AR) 1 ZZNZE, AT A REHKEHT D estrogen . progesterone . testosterone % PNTEM:D
U RELTHML, B hORE - AL br— L L TWD, FHaLTFaAf FEZR
K (GR) 1F, aVF Y —=AREDIFEaLTFaAf Ra2 U T Re L, B - BLRIE -
FITERZHIEL T\ D, Eo, SEHaLFaAf FZEK MR) 1, TVRRTrrZ2 ) TR
ELTCREM L, EMEAHMAEHE L TWD,  vitamin D AR (VDR) IZDOWTIE, A7 rA R
D BBV LI a AT oA REKEZAT MR vitamin D, Zz N T FE L, B
AT D/ LFFE, REEREHICEE LT\ D, ZOOIEMR vitamin D, 13, BIETIE
vitamin T % & FRFICHNEMERLVE L Th D & AR INTN D,

ZOXICAT AL RIZEL DX =5y b E RIS L TR IER 2 BT 57290,
RIKOD~NFT T —hThHDEWVWZD,

cortisol (GR) aldosterone (MR) la, 25-dihydroxyvitamin D5
(VDR)

Figure 2-2. NS HEERORNKMEY H o KE L TORT A RIFERE

3 Maglich, J M_; Sluder, A .; Guan, X ; Shi, Y.; McKee, D.D.; Carrick, K.; Kamdar, K.; Willson, T.M ;
Moore, J.T., Comparison of complete nuclear receptor sets from the human, Caenorhabditis elegans and
Drosophila genomes. Genome Biol., 2001, 2, RESEARCH0029, 1-7.
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13 27/ FREBERLLTOIY 7=V AZUER

RO L0 AT 0 A FFERITERA RABERAZ AT L2800, AT A NEK L
& LEEBOMERRBITEAATDNTE L, ZO/RKR, SR AKIRHRIEREDHZL L O
AT aA REREETHEADBRTHONONLTWD, LLARRL, A7 A NEKEAT
LIANE T EDORBMD, AKDZ =57y NSO Z R 7ITHIER L. BWERZET S0
ZENEE RS TN D,

RIVERZ BT 2720, AT A RiFEROMEEEIIE AL <AThbRTE R, G
FosEmarOMERBOBBENFIREND ZE bV AHABMEEZHL Z LIXRETH S &
2D, TOXORHT, EHEIFFAT A ROV H ROBREBEML TETND,

Figure 2-3 |2, AT v A FRIOBNZEIKY T RO—fFlZ R,

@
P e o R s

tamoxifen hydroxyflutamide LG190178
(ER antagonist) (AR antagonist) (VDR agonist)

Figure 2-3. Ligands of the steroid hormone receptors with a non-steroidal skeleton.

— . BAMREOMBE H1X, ¥ 7 ==/ X ¥ F¥%ZH 7T % VDR agonist LG190178 D&
BIFTEN D, REKEOILEH D —ERA AR antagonist {EMELRTZ 2R LAY, £7-. VDR
BEIPAR T, A7 04 FFERENEEOY T RELTRESTLIZEND, V7 ==L A X
VERB, RROVVLFT T L— R ThHAT A NEEORBEKIZZVED &0 9 G
ZNLCURRE LTe, & ORER, miEtE7e VDR/AR 7 = 7V U 47 K (R, S)-DPP 1023, FXR agonist
B 5o iReEEREA] ¥, HMGR LEAORIBICRIIL, Y7 ==V A X BN AT RA R
BROMREBKE R VED 2 L Z/2RLT- (Figure 2-4)

37 Hosoda, S.; Tanatani, A.; Wakabayashi, K.; Makishima, M.; Imai, K.; Miyachi, H.; Nagasawa, K.;
Hashimoto, Y., Ligand with a 3,3-diphenylpentane skeleton for nuclear vitamin D and androgen

receptors : Dual activities and metabolic activation. Bioorg. Med. Chem. 2006, 14, 5489-5502.

3 Kainuma, M.; Kasuga, J.I; Hosoda, S.; Wkabayashi, K .I.; Tanatani, A .; Nagasawa, K .; Miyachi, H.;
Makishima, M.; Hashimoto, Y., Diphenylmethane skeleton as a multi-template for nuclear receptor
ligands : Preparation of FXR and PPAR ligands. Bioorg. Med. Chem. Lett. 2006, 16,3213-3218.

¥ Hosoda, S.; Hashimoto, Y., 3,3-Diphenylpentane skeleton as a steroid skeleton substitute : Novel
inhibitors of human 5a-reductase 1. Bioorg. Med. Chem. Lett., 2007, 17,5414-5418.

O HHEZCN AT oA FREEEL DD T 2= X2 R T W A BREN Y DA
B PR PR PP RIER TRk 20 45 1 t-5n
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jﬁ/\u 0"™>"oH Hooc” o o~ O
OH OH o

FXR agonist

(R, §$)-DPP-1023
VDR agonist / AR antagonist

)Lrlq OJ\N
5aR inhibitor K© HMGR inhibitor

A A iy

anti-bovine diarrhea viral agent

Figure 2-4. 7 = =V A % L BHs GRE) 267 5 AMEEME

ZIT, R~ TF T 7L — e LTOVT 2=V A X U HOT 2 D IRE 2 &I E X |
VI 2N AR BB A BEBALEY V22V T VBEERET AL, F A EOE
AN LD APEE~OEEBORGEEZITS Z & & L7 (Figure 2-5), AETIX, ¥ A EEHALK
ER U FORIR, 27 oA | sulfatase [HEAORIRICOWTIHE~D, #, KEIOHIFEILH
ARSI B O PTG L & O LRIETH 2,

— U0

Figure 2-5. 7 = =)L A ¥ VHHEA~D 7 A FOEAN
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28  estrogen ZAEMEY K FoAHE

21 EHx

estrogen AR (ER) IENZRERO - THY, A7 04 RELVELVTHDIZARNT VA
—JLEED estrogen ZWNEMEDO Y T KEF 5, ERIZIE, ERa X ONERB D 2 ODH 7 X A7)
FAET 2 WRBLENLIC AR B Y | BIE LSRR, BEIANIIR, MRS FET D 2
EBRHBNTND Y,

FL AN BN RBL S D2 7 o NV EOBEFIC K VA R I TREDL T Enmbin
THEY, ARAOIRETEERET DERITIT, FE &M, HER2Y B2 1R IS0 4
19, ROBEIZE D&, ABRABED 70-80%I1X AT v A RAENE AMRIFHEOILN AT HEE N
% (Table2-1)®, F7=, LBADK 10% DA AL T ER a BEFEI L TND EDHRENRH Y |
ZDOXATOHRATIE, AR AMIBOBEHIZIT ERa G L TND Z ERRBENTND
BIfE, PU estrogen 1EHZHTHHMBAAIE LTHEXFT 7 2 VERHNLRTND, #EX
V72T ERa K ERBHE G DY T 2 A T~FEETH LAMbNATEY, BIVECZ LW
B, EETIE, b7 XA TR IR OBFE HITOIL TN D,

Table 2-1. L3 A D434 @

ER+/PR+ ER-/PR-
HER2+ 8.5% 6.0%
HER2- 66.6% 19.0%

apopulation-based study of the tumor status of women
diagnosed with breast cancer in the Stlanta, Georgia,
metropolitan area yielded these incidence rates by broad
subtype.

ER : estrogen receptor,
HER?2 : human epidermal growth factor receptor 2,
PR : progesterone receptor.

! Muramatsu, M_; Inoue, S., Estrogen receptors : how do they control reproductive and nonreproductive
functions? Biochem. Biophys Res. Commun. 2000, 270, 1-10.

* human EGFR (epidermal growth factor receptor) 2

* Lund, M.J.; Butler, E.N.; Haer, B.Y.; Ward, K.C.; Andrews, J.H.; Oprea-lIlies, G.; Bayakly, A.R.; O’Regan,
R.M.; Vertino, P.M.; Eley, J.W., Age/race differences in HER2 testing and in incidence rates for breast cancer
triple subtypes : a population-based study and first report. Cancer, 2010, 116, 2549-2559.

* Fillmore, C.M.; Gupta, P.B.; Rudnick, J.A ; Caballero, S.; Keller, P.I.; Lander, E.S.; Kuperwasser, C.,
Estrogen expands breast cancer stem-like cells through paracrine FGF/Tbx3 signaling. Proc. Natl. Acad. Sci.
USA., 2010, 107,21737-21742.

* Liu, X.; Pisha, E.; Tonetti, D.A.; Yao, D.; Li, Y.; Yao, J.; Burdette, J.E.; Bolton, J L., Antiestrogenic and
DNA damaging effects induced by tamoxifen and toremifene metabolites. Chem. Res. Toxicol. 2003, 16,
832-837.
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=i RV A—=RE—= b RTFTAF v 7R RF VHIEOFE L LTHN LA TVND
bisphenol A (2a) &KV OFfxAIX, ER U H L K& L THRET 2 Z EBAMBLNTW5D (Figure
2-6) %, LUt 46 OFEIEKIAD agonist / antagonist {EMEIZEE 3 25 A& MBI, ER o
JOVER BRI DIIRMEIC BT 2 35 22 it e ShoTn e o 7z,

=

HO Z OH

Figure 2-6. bisphenol A (2a) D&

WEAHFFESE DAL 5 (X, bisphenol A 2a) N7 ==L A X L FEH LTS Z LIZHEH L.
2a KOV QBRI BER 1T T DIEMER ONEIRMEAZTARD Z&ICKD, V7 2=V AZ RO
BT D2~ F 7 o7 b— D FIEOIIRICAE R RERBE DN D & B S M BT
e m AT o7 Y IEEOFIL. ER ViR — 4% —Y— 07 v A 2V TITV, antagonist TEMEIT.
0.5 nM estradiol f£{£ F @ ER #5IEMEI x4 D BHEHE 2 K72, Table2-2 [Z ER L AR —X — T —
YT A TR R AR LT,

b5 17 @ ER agonist {EMEZ LGS 5 &, Ry OBEHWENKE R DIZ9-> T, ERa, Bt
IZ agonist THEMEDHR L TV R & 72572, ER antagonist {EMEIZ DV TIE, RIC=FLH,
n-7a e VEE n- T FNEEREANT D EEERREL, v rnTanNsRr a2 U EOR
WHEEZEANT D EIEENME T T 2HAARO bz, o, ¥ 7 ==V A ¥ UFFHEKD ER
antagonist JEPEIL, o (6T 2 BIMEREVME 2 D 5 Z & bR S /-, ERa O antagonist i
PEICERT DL, RICATFAEEGAT S Z & T, IGERM LT 23R CE 72 (8-14),
LPLZRR S, RICEVRFEHEDORWT TNV n-7 0 EVEEEZE AT D LIGHEN TS Lz
(15-20),

T, VTN RREE R LDV T 2 o A X UBERE N, RSN E ST TE,
Z AT XV ER agonist 7°5 antagonist ~OHEHRC, ER V7 ¥ A T RINVEZ G2 Z L 23wl Re
ThHHZENbnrole, T7bbH, AMEORRLY, V7 =2= A A Z REEMDO~ILVFT
YT U— FRECBWT S, EREARET D 2 LT BIRMEOHIETEME O S FIRE T
boHZENHIREEND,

* Molina-Milina, . M.; Amaya, E.; Grimaldi, M.; Sdenz, ] M.; Real, M.; Fernandez, M F.; Balaguer, P ;
Olea, N, In vitro study on the agonistic and antagonistic activities of bisphenol-S and other bisphenol-A
congeners and derivatives via nuclear receptors. Toxicol Appl. Pharmacol. 2013, 272, 127-136.

AL B REHIE 2 SR LA A O RIAIR VT = = A 7 BRI K SRR R OR
RFZRFBHERIFERE PRk 25 R 5
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Table2-2. 7 = =)L A X UFHEEIKD ER LR—F —2— T v & A Tl R

Ry R4
HO ' ' OH
Ry R

ERa ERB
compound R, R,
ECso (nM) ICso (nM) ECsy (nM) ICso (nM)

1 H 909 (35%)° 1910 (24%)°
2a Me (33%)* (38%)° 1115 (25%)°
3a Et NA 86 (28%)* 93

4 n-Pr H NA 99 (43%)? 2159

5 n-Bu NA 79 NA 183

6 -(CHy)s- NA 165 NA 271

7 -(CHy)s- NA 518 NA 564

8 H (23%)* (26%)° 5497 NA

9 Me (31%)* 1198 (19%)* (25%)°
10a Et NA 25 (15%)* 264
11a n-Pr Me NA 49 NA 140
12a n-Bu NA 14 NA 146
13 -(CHy)4 NA 84 NA 765
14 -(CHy)s- NA 227 NA 789
15 Et NA 232 NA 1307
16 n-Pr Et NA 493 NA 2610
17 n-Bu NA 2945 NA 4533
18 Et NA (17%)° NA (35%)°
19 n-Pr n-Pr NA (38%)° NA (23%)°
20 n-Bu NA (15%)° NA (14%)®

* % of maximal activation of E2 at 10 uM
® % of inhibition at 3 uM

NA means no activity at 10 uM

UEDYT7 ==V A2 R AGEW D ER IZXET 2 GTEMEOFIR RO AT TIE, ¥ 7 ==
WAL ERED 2 ODFHFERIRENTRBRF 275 A BICES MR-V T 2= T RO
LA DWW T ER B ETEMEZ R L. & 5 A FFEIRICET 2872 05 R A 158 5 720 DIFJEIC
EF LI, V7 2=V A X R EEMIZBW TS, BEZRET 5 LT, @RMOHIE
RVEMEDYUENR AR TH D20 it T 270, BaxDOY 7 2=y T VFEEERETFA 2 - &
L. ER 5 BIEMEZ G2 2 & & LT,

18



22 TARFEEDORK

7 A FFHEEIR 4,4'-(dimethylsilanediyl)diphenol (2b) (X, 4-bromophenol (21) % . n-butyllithium
(n-BuLi) THLEEF% | dichlorodimethylsilane & i S AR LT, M. Z OBUSMIBEFI IS TH 5,
3b, 10b %X UM 12b &, 2b LAERDOFIETEM L7z, BRI R IC -7 0 ELAEA LT 11b (T,
{b&¥) 22 % n- BuLi CHLEE L 7=% . dichlorodi-n-propylsilane Z /%, (k& 23 & L. T Dk,
PEfliE LI KO Rk d 5 2 & THEAM LT (Scheme 2-1),

Ry._.R
B 1 Si 1
r a [ j ‘[ j
HO HO OH
21 R, R,

2bR,=Me,R,=H
3bR,=Et,R,=H

10b R, = Me, R, = Me
12b R, = n-Bu, R, = Me

n-Pr{ __.n-Pr n-PrS _ .n-Pr
Br b Si c Si
—_— —_—>
BnO BnO OBn HO OH
22 23 11b

Scheme 2-1. Synthesis of compound 2b-3b, 10b-12b *

* Reagents and conditions : (a) n-BuLi/hexane, dichlorodialkylsilane, THF, 1 h at 0 °C,5 h atr.t.,2-45% ;
(b) n-BuLi/hexane, dichlorodimethylsilane, THF, 1 h at 0 °C, 5 h at r.t., 4.3% ; (c) Pd/C, EtOH, r.t., 3
days, 3.8%.
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23 A RFEAED ER BEIE M

B LTe s A FFFEIRD ER B GG PR 417 o 7o TEMEFPAGIL R 2558 O FHAE & [RIfk D 5
R TIT o7 B LTIZT A RHER & RFFHEIRO ER 2 ZTEVERFL OF5 R 2 Table 2-3 (27K
R

r A FAHERO ER agonist IHTEIL., RFEFHEMROGE L [FERIC R, OEBENE R DI
D9 2 A 23R8 C & 72, ER antagonist TEVEICE R T2 &, 7 A RFEAR LV b IRFEFE
RO EMTEWEMEZ R LTz, ERa/B ~® antagonist JETEIZ DWW T OV 7 X 4 7NN
FREOEBREEZT L TWOHEEE XD LT A FHFBEOTNRFFER LD b & 2
WCETe, AR LT A FFEERD S B, LG 10b 1%, *HsT 5 RFEFHEIR L FFLE D ER «
antagonist 1A 7R L. ER BT % ER a OEERMEILK 100 5 & 72> 72 (ER BITKTT DM 2
ICsy=3uM & L THER),

Table2-3. ¥ 7 ==/ 5 VFEEIKD ER LAR—F —2— 07 vt A Tl R

R4 \X,R1
HO OH
2 Ry
ERa ERp selectivity ERP
compound X R, R, . b . b (ICs0)/EROL
ECs* (M)  ICs0° (nM)  ECso " (nM)  ICso ° (nM) (ICs0)
1 C H H 909 (35%)" 1910 (24%)¢

2a C Me H (33%)° (38%)¢ 1115 (25%)¢
2b Si Me H (25%)° (51%)¢ (34%)° NA -
3a C Et H NA 86 (28%)° 93 1.1
3b Si Et H (7%)° 115 (12%)° (53%)° ca.8
10a C Et Me NA 25 (15%)° 264 10.6
10b Si Et Me NA 30 NA (54%)¢ ca. 100
11a C n-Pr Me NA 49 NA 140 28.6
11b Si n-Pr Me (6%)° 26 5%)° 804 309
12a C n-Bu Me NA 14 NA 146 104
12b Si n-Bu Me NA (30%)¢ NA NA

* ER-agonistic activity

® ER-antagonistic activity

© % of maximal activation of E2 at 10 uM
¢ % inhibition at 3 uM

¢ % inhibition at 1 uM

NA of ECs, means no activity at 10 uM

NA of IC5, means no activity at 3 uM
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24 F2HOELD

AEITIE, ERIEHEZATHY 7 ==V A X UFHEIRO 2 DOFFRICEIINLE T D IRFEE 7
A FIZEH L. ER agonist {HFPEMK O antagonist {H1E, 7 % 4 TRIMEDOKRFT 21T - 72,

it 2 OIS PEREAR O e, 7 A SEFEEAR & R BTG 4K7)3759 ER agonist/antagonist {5 PEDB )13,
HRIL TV Z E MR TE Iz, 7 A BFGROTEMIL, REFEMROTEN: & ik 2 & 658
T A S 72, ERa/B~D antagonist IEPEIZDOWNTOH 7 X A T @INVEIL, [AlER O E A
EETOFEEHICERT DL, T A RFERPIRAFEERE LRI DBEMAHRTE 2, AL
7EEARD S B, LAY 10b (X, F\V ER o antagonist M4 75 L (ICs, = 30 nM), ER S (2%
% ER o OIERVEITH] 100 5 ToH - 72 (Figure 2-7),

KETEH O NI EEEVAHBEOM BN D, V7 2= A Z L ROAWD 2 >DFFER DM
WNET DIRFEE T A RICEILT HZ LT, BRICHTDEEIEEITE TR T 208, 744
TEREIIRE S\ LT 5 2 &R S LT,

L)
o0,

Figure 2-7. {t.5% 10b
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B3 AT oA K sulfatase FREHOAIE~D R

31 FE

2.0 HEIZFAE L7 Y LA D 70-80%1F AT 1 A RARLE ARTFHELDNATHD & FbhT
W5, RIVEMARIEMIL DB AL, ERNTER SN D ZMERLVE L TH D estrogen DIEAIC K
DT HZ Enb, TRAMVEVFRE] TS estrogen & HiA T 580 estrogen & AV 5H1R
RS estrogen HIRD A& 2 5 9 3HA| (aromatase PLEHIL) & H W HIRFETENE BT
W, £z, BMEDOBNE ARIFEALR A OSE . PARATR TRIRITIEN RV | B 55008
AFNZEER L CIRR Z 0T <,

PHRERT D VI ZINER OBRENE R TH D720, AP AMIROHEIAZ T LR LVEL ThH D
estrogen [ IEICINETAEGHK SN D, EDTH, BRITITIVE TOD estrogen AEGKEEET D
THRIKRVE O E Z2IMZ 5 Z & TIRE AT 9. LH-RH (Luteinizing hormone-releasing
hormone) agonist ® 3 Z D L 2 72 ifE A A L TRV | EEEICHK THEA SN TW5H, estrogen &
BiA LTI E 2 5T 55U estrogen (2OWTiL, FARERTR W FHUCBWT &2 R0
O HR DL A TN Ko TIARBRADB A DB ZEISIZFO b D bIAET 5 %, P& Ot
DEEIIEOMIENME T LTV D720, BN LW ST androgen (BHERALEL) B &
L7220 IBIAKEAR T estrogen DEBLATTIOILD,  androgen 7>5 estrogen ~DZHRIT,
aromatase & FHXNL DR 2 L CTiTh 5729, aromatase DOREZ HET 5 2 & TIHEZIR
BEOIND, EEIZ, WL DD aromatase [HEAIERKSEH T2 (Figure 2-8)°°, L7
L72A3 5, aromatase FLEANC X BB TR RIBREIBITH LN TR ST, Hi-lelE
R 2 A9 2 HH OB ITREORETH 5,

*8 Nishimura, R.; Anan, K.; Yamamoto, Y.; Higaki, K.; Tanaka, M.; Shibuta, K.; Sagara, Y.; Ohno, S ;
Tsuyuki, S.; Mase, T., Efficacy of goserelin plus anastrozole in premenopausal women with advanced or
recurrent breast cancer refractory to an LH-RH analogue with tamoxifen : results of the JIMTO BC08-01
phase II trial. Oncology Reports, 2013, 29, 1707-1713.

Y NNRT 7 A®E 10,20 mg EIIA X B a—T 5 —h (T A F T BRBHERESH) 2011
F1LH SGET

VT 2T A NU®FE 40,60 mg [EHA U B a—T 4 — 5 (AR SAL) 20134524 1E
ik

31 Vogel CL, Johnston MA, Capers C, Braccia D., Toremifene for breast cancer : a review of 20 years of
data. Clin Breast Cancer. 2014, 14, 1-9.

52 Lgnning, P.E.; Eikesdal, H.P. Aromatase inhibition 2013 : clinical state of the art and questions that
remain to be solved. Endocr. Relat. Cancer, 2013, 20, R183-201.
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LS AFSR DT T estrogen A AKIZIL.  aromatase DAL, steroid sulfatase (STS) & FEiEH
HMRVBEELTNDL L bbno TETRY ., THE, ANATRFIEEIRN L7 A KI5
DFRD S —5y NF o7 E LTHER S, BACHIESTWD %, ¥, ARARITICE
i} % STS DEEFETEME (pmol/mg protein/hr) X, aromatase DEEFRIGVE & L2 & BEEE W
ZELHMESNTWD Y ERNIZEBWT STS 1, MAEFIZ/FET 5 estrone sulfate (E1S) % 78
T D &K IRIZ XV iR AT WAL L, estradiol (E2) OHIBAATH % estrone (E1) ~ &%
i 5% E|ZH 5, Figure2-9 (/R L7 X 912, aromatase & I1TH7R 5 HEF CE2 DA/ RICE
L. LCHY ., STS PHFANL, aromatase PLEH| L T L TAFEZIR LT D W THEER S 5,
Tobb, JOEmWIUEFBEEZHIRFTE B2 615,

s

T N

Plasma Breast cancer

A [1570]
aromatase

E1 [74]

A
}
E1
W
E2 [19] E2 \
E1S [425] \ E1S /

0
HO
A : androstenedion E1 : estrone
0
OH } { f
H,NO,SO
HO
E2 : estradiol E1S : estrone sulfate

Figure 2-9. FL23 AN O steroid sulfatase & T8 aromatase Dff)&

BN A HEEEE HETIE A7 a4 R osulfatase BESR A A 2010, 68, 1073-1078.

3% Chetrite, G.S.; Cortes-Prieto, J.; Philippe, J.C.; Wright, F.; Pasqualini, J.R., Comparison of estrogen
concentrations, estrone sulfatase and aromatase activeties in normal, and in cancerous, human breast
tissues. J. Steroid Biochem. Mol. Biol. 2000, 72, 23-27.

35 Lgnning, P.E.; Johannessen, D.C.; Lien, E.A.; Ekse, D.; Fotsis, T.; Adlercreutz, H., Influence of
tamoxifen on sex hormones, gonadotrophins and sex hormone binding globulin in postmenopausal breast
cancer patients. J. Steroid Biochem. Mol. Biol. 1995, 52, 491-496.
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STS BAFANZDWTIX, BIEE TICHE ST %000 EEREML GOV TERRFER A
T TS *, EMATEY 1 STS FHEAI & L TR THIKRER E CHEA ZEREMILEY TH
575, STS ZBHE L7243 5 estrone (E1) 23 estrogen {Ef (ER agonist fEf) /R4 2 &
BDHBNERD | BKARND ey 7T o LIz, LLZOR, FAT RS RAALTD
STX64%® L5 STS HLERNRMIEF — 2LV FLICAR SN, BERBRICES>TWD

(Figure 2-10),

S
H,NO,SO H,NO,SO 0 Yo
EMATE STX64 (667COUMATE)

Figure 2-10. EMATE % (NSTX64 D 1%

Flo, BRAT7 2 —bEW 24 MESNTHDHEN Y, BIfiCORLIZERA T =/ —/VafEk
® ER JEMEFM 2N 5. ALAY 24 ORFBHIC L > TAEL S L BN HLEW 11X, ER agonist iHME
2T LD, LEW 24 (X, EMATE L RIBRDADIEREL LTEAETHL LEZDLNLD
(Figure 2-11),

Figure 2-12 |2, STS [HEHOE SN DMEMETF 2177, WTHO5E S sulfamate #4373 8]

Wr<i., 7/z—/L (R-OH) BNET %,

N
U\@
/
H,NO,SO " OSO,NH, HO ] OH

ER agonist
(ECgo= 0.9 uM)

Figure 2-11. £ 27 = / —)L X% A 7 ® STS fLEHA] 24 L HEEH 1

% Maltais, R.; Poirier, D., Steroid sulfatase inhibitors : a review covering the promising 2000-2010
decade. Steroids, 2011, 76, 929-948.

ST Lawrence, W.L.W .; Leblond, B.; Purohit, A.; Potter, B.V., Synthesis and evaluation of analogues of
estrone-3-O-sulfamate as potent steroid sulfatase inhibitors. Bioorg. Med. Chem. 2012, 20, 2506-2519.
% Woo, L.W.; Ganeshapillai, D.; Thomas, M.P.; Sutcliffe, O.B.; Malini, B.; Mahon, M F.; Purohit, A ;
Potter, B.V., Structure-activity relationship for the first-in-class clinical steroid sulfatase inhibitor
Irosustat (STX64, BN83495). ChemMedChem, 2011, 6,2019-2034.

¥ Hejaz, H.A.; Woo, L.W_; Purohit, A.; Reed, M.J.; Potter, B.V., Synthesis, in vitro and in vivo activity
of benzophenone-based inhibitors of steroid sulfatase. Bioorg. Med. Chem. 2004, 12,2759-2772.
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32 (kBT AL v

ERO XD RETLEMOBREZEE 2, X, REWTHLITVa—L (T —0) B

ER antagonist {E/H &/~ & 5 28l STS IREAIORG 2179 2 & & LT, T7bb, [ISTS [
ELPE) & [REMIZ X 2 ER antagonist &) @ 2 >OMMEERZH T L&MW OEIR %
ik

-

179
FHE L7z (Figure 2-13), 723, [AERDOE 2 IZE S PHFAINBRICHE STV an, &

TuA NEREATHLEW TH -T2 Y,

Dehydroepiandrosterone sulfate
(DHEAS)

Estrone sulfate (E1S)
Ry X Ry
STS p— —] sTs
H,NO,SO OSO,NH,
R, R, v
Dehydroepiandrosterone STS inhibitor Estrone (E1)
(DHEA)
lMetabolism by STS
v Ryi<,-Ri v
Androstenediol X Estradiol (E2)
HO OH
R Ry
ERoa antagonist

\ J_Antagonistic activity /
Agonistic activity > ]Ea < Agonistic activity

Promotes growth of
breast cancer cells

Figure 2-13. {L &M O T A > L VERMER

% Rasmussen, L.M.; Zaveri, N.T.; Stenvang, J.; Peters, R.H.; Lykkesfeldt, A.E., Anovel dual-target

steroid sulfatase inhibitor and antiestrogen : SR16157, a promising agent for the therapy of breast cancer.
Breast Cancer Res. Treat. 2007, 106, 191-203.
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2T, FAIATEI TR LN BRIEEEZ R T V7 2=V A X VFEEROM A ZEN L, IEAT
A REZATDTT ==V AR Bk E AT 2 STS LEAI ORI EF L,

Flo, AIHOEARAT = ) —VH A 7O STS [HEH 24 O LHIZENT, V7 2=V ANVT 4
R& A4 7 OREA 25 23, L&Y 24 L0 L@ STS HEEHEZ R L TCWZZ &b, 2 DD
VEUVROEREN R 25 & STS FEEENE S RD E TRL, FAFOBEANGFHE L7, LA
TIS RFEIR 24, A F 7 1K25 7r A FihEIK 26b D2 > DR VBRI OMREA R (Figure 2-14),
TRLTZ LBV, A FFHFEM26b D2 SO P UBRHM OIS, RFEK 24 KL OA 4 71K 25
DORUEVREOEHL Y BV ERMRE I N, REAERLY ., 7 A FFLEITEV STS
HEEMEZ T 2 NS, x D74 RFEERLEERT 52 L Aitm LT,

s Ssil
Sa® ISP IS SN
H,NO,SO OSO,NH, H,NO,SO 0SO0,NH, H,NO,SO 0SO0,NH,

2.56 A 2.81A 3.08 A
24 25 26b

Figure 2-14. JKFEK 24, A4 A UK 25, & A FiHEK 26b D 2 DD B B [H O BHEE
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33 LAY DER

JERED 7 = /7 —/L 2b,3b K TN 10b-12b 13, 2.2 THIZFEH O HIETHK Lz, HIO Y sulfamate
& 26b K% X 29b-32b (X.DMA 1 i# & D sulfamoyl chloride & iz S5 Z L2k W Bk LT,
E / sulfamate {& 27 1Z. 2b ZJFUEHT 1.2 4 sulfamoyl chloride % i &85 Z L2k v ARk
LIce VAFNT X/ K281%.26b % 3 V(LA F L TAFNALT HZ LIZE VAR L2 (Scheme

R R
R1\Si'R1 a g P
—_—
HO " ; ;: ~OH H,NO,S0” ; ; ~ 0SO,NH,
R, R, Rz R,

2-2),

2b R, =Me, R,=H 26b R,=Me, R, =H
3bR=EtR,=H 20b R, =Et, R,=H
10b R, = Et, R, = Me 30b R, = Et, R, = Me
11b R;= mPr, R, = Me 31b Ry = nPr, R, = Me
12b R; = n—Bu, R, = Me 32b Ry = n—Bu, R, = Me

Nai
b Si
» ISRt
H,NO,SO OH
27
~Nai
c Si
26b —_—
Me,NO,SO 0OSO,NMe,
28

Scheme 2-2. Synthesis of silicon-containig compounds 26b-32b “
“Reagents and conditions : (a) excess sulfamoyl chloride, DMA, r.t., 25-47% ; (b) sulfamoyl chloride (1.2
eq.), DMA,r.t.,4 h, 13% ; (c) NaH, CH5I, DMF, r.t., 19 h, 16%.

STS PHEIE MK AAEETEMAIE 2B 5720 7 2 =V A X VHBENOR B UEE 1
OREFELEZLLTOE ) 7 =/ — AREEEK 33-36 4[RO T TA L7 (Scheme 2-3),

-t a P
I — |
HO~ N\F H,NO,SO
37R=H 33R=H
38 R = t-Bu 34 R = t-Bu
39 R=TMS 35 R =TMS
40 R=TES 36 R = TES

Scheme 2-3. Synthesis of phenol analogs 33-36"

“Reagents and conditions : (a) excess sulfamoyl chlotide, DMA, r.t., 36-56%
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34 WA
341 BERMHER MM

A7 mA K sulfatase OFFRAFEMHIZ., & FILAA MCF-7 MlBONEEDO R T 7 A R
sulfatase ZfAVCHIET D2 &L Lz, T4 — Mo LzMaic, Y FvLAE#R LK EIS %
MMz —ERHA o F2X—h L, STSICKVAEHIN El KO E2 ZfiH L7z, 2ok, il
WOBANEEZRES D Z & T, BEROTEMEZFH L7, 223, BEFE O STS BLEHITh 5 STX64
Z 10 uM N L 72 BROFLEZR % 100% & L 7= (Figure 2-15),

@@ STSILE @®@ Ha @@

S @me — @@ @ @
GONGH @ (@ &

Figure 2-15. STS B3R HEEEORIE L

W UDIZ, THA » Limr A FiFHEE 26b K OSCEREERN (LS 24, 25 @ STS FHERM: %23
Bk L7- (Table 2-4), HIffL T2t BV, A FFHER 26b 1%, RFAK 24 1Y EV STS HE
SRR LTz, L LN G, A4 UK 25 OLEGMEICIEE T RIZ 0o 7=,

Table 2-4. L. &%) 24,25 } X 26b @ STS [HETEME

R1 ~ ,R1

X
H2N0230/©/ \Q\OSOZNHZ
R, R,
STS inhibition (%)
compound X R, R,
0.1 uM 1 uM
24 C H H <10 50.1
25 S - H 57.1 89.7
26b Si Me H 35.8 81.9
STX64 - - - - 100
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Z 2T ALAEYOMBOREE DS STS ETEMEIC 5 2 2 B TET 2720, 71 FihEIK 26b
DRI ZE L LT AL B OIE % 35k L7- (Table 2-5), sulfamate #§1&% 1 D% L& 27
O STS PHFTEME L, & A FAEIAR 26b &Il L THFR T L72b DD, @V STS PHETE M %
FFlL7z, —J7. WO sulfamate & A FRE LT EAT7 = 7 —/L 2b @ STS BAEEMEZX, 1ZEA
EVH R Uiz, [ARRIZ, sulfamate DRI T X % ¥ A F UL LTcAbE4) 28 O STS BLFETEME S 1T &
AETHR LT, ZHbOfRERE D STS FREEMHEDOREBICIZ, 272 < &b DL DD sulfamate
ERMETHDZ ENERINT,

Table 2-5. {5 % 2b,26b, 27 K X 28 @ STS [HEIEM:

Ngi”
R3;0 : : OR

3 4

STS inhibition (%)

compound R; R4 0.1 uM L uM
26b OSO,NH, OSO,NH, 35.8 81.9

27 OSO,NH, OH 252 76.4

2b OH OH <10 <10

28 OSO,NMe,  OSO,NMe, <10 <10

iz, FLREF X ERORCE VR EOBBREOREL‘ET 2720, #ERBY THL 7
= /) — /WK D ERTEVED BRI O BEEZ 2 47 L 7269 26a-32b O STS [LETEVEREATi 21T > 72 (Table
2-6), TLJR T X EOEHILRACE LT, REERL A FFEMIC, EiEE LT Me &,
Et ZIFEIND D, n-Pr L EOEWT L 08 AN STS FRETEMEDIE NIc23 5 Z
ERHLMNE R oT, NV VR EOBEBE R ICOWTE, BIEIOMRG LY., Ry, ~D A F LKk
DFEANT = ) —)ViHE{KD ERa @ antagonist IEPED EFIZTH LT 5 ENRBEINTND,
—7J7. STS PLEIEMEICHE W TIE, Ry, ~DAFILEDEAEITHI Z LICL Y, BFFEEMET
DM DIz, £7o, Gl LIAbAHREO 2RO STS FLEFMEZ i+ 5 &, SPoFiE
WY T A FBFEROTEMEL, ST D RBKOTEMEL Y @WEM AN H 5 2 & D3R S 7,

AREIOFEF &, 5 2 Hi TR L7z ER I3 2 HEEMEHBI OFE R L S5 & {LE Y 30b 2
AWgEDa w7 N Ths ISTS HFEEME] & [UHIZ X 5 ER antagonist {&E] @ 2 -DDH
EEHEZAT2LEME LTHEYUITHDL EEX BND,
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Table 2-6. {L.54) 26a-32b O STS [HFEIEME K OMEA ) 2a-12b D ER o antagonist 151
Ris, R
H,NO,SO Q/ \Q\OSOZNHZ
R, R,
STS inhibition (%) ERa agonistic activity of
compound X R, R, 0.1 uM | uM metabolites metabolites (bisghenol derivatives)
ICsy" (nM)
26a C Me H <10 <10 2a (38%)°
26b Si Me H 358 819 2b (51%)°
29a C Et H 11 299 3a 86
29b Si Et H 62 96.4 3b 115
30a C Et Me <10 254 10a 25
30b Si Et Me 22.6 82.6 10b 30
31a C n-Pr Me <10 21.1 11a 49
31b Si n-Pr Me <10 18.7 11b 26
32a C n-Bu  Me 10.3 28 12a 14
32b Si n-Bu  Me <10 164 12b (30%)°

* ER-antagonistic activity

® % inhibition at 3 uM
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342 TAFKRBAICLHEE

STS FLEAI ORI BT 2O 7 N —T I L HHRFERTIE VT 2=V AV T ¢ RHEA
7D STS [HEA 25 78, KFFEMR 24 LV bEWEEZRTZLERHALNER-TN, ZD
ZEMB 2 ODFEFEBOERMAINT D Z & T STS EEMES M B35 & PREL, REEL T A
RICEW LTV 7 ==y T VREREROG R ZFHE LT, ERICY 7 ==y T UFEEIRO
B, STS PHETEMERFAM 2 256 U 72 #5 58. BIRF L7238 0 7 A FFEMITIRBEFHEIR L0 @mOTEE
R, V7 2=V AVT o RiFER L RREOEEZ R LT,

UED XS FERER LI R0, A FBOEANEREICRITTHEEICE R L ELR
Bz 27012, £/ 7= /) —NZATONREMIT sulfamate i 2 E5 A L7255k 33-36 12D\
T STS HEEMERHG 21T > 72,

FER D #E5 F- phenol 7% E A 33 J O tert-butyl-phenol #5E (& 34 ¢ STS EFMEIZIEF TN H D
725 7253, TMS-phenol 758K 35 & (8 TES-phenol 753 1A& 36 (. i\ STS FHLEEME % 7~ L 7= (Table
2-7), ULOEROIEREERT L L, RUL VRN 1 DOFERIZ OV T STS FLETFHM: 2 e
RTELZLEND, V7 2= VRIEEWITONTE 2 2DEFERMOHEELISMC b STS ETE
PRI BE METHRTFBFEE LGS LB bND,

Table 2-7. phenol 7% 5 {4 33-36 > STS [HLETENE

jo
H,NO,SO

STS inhibition (%)

compound Rs L uM
33 H 114
34 CMe; 124
35 SiMe; 68.6
36 SiEt; 934
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RTIE Tl _7= X 512, sulfamate BIPHEANL STS LG LizthdRn I ) v o jkdk & A
BB Ly AIEMERL STS ICZEL S 5 Z & T STS OARDIEAHET 5 Z & 03550 T
% (Figure 2-12), VLD X 9 72 EMEE L BIET D & STS BEHINEESE & ST 5 BED S
PEDFREFIZ LV HEEEN R > T D &ZE2 b5, {LEW 34 KT 35 T 5 &, STS
Z L U712 I WiBES 5 phenol 37 & TN 38 DFEMEE L7 A FiHERO TN @EVMEZ /R L (Figure
2-16), STS D7 X/ IRIEIZ LD RBRIENEZV H N EBZEZ bR D,

NeoalNes

37 38
pKa = 10.54 pKa = 10.06

/' \

Figure 2-16. i3 257 = / — )V OFEME (pKa) *
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35 E3IFHOELD

A TIE, ZTNETIHELNLY T = =L A X UFHEIRD ER (25T % agonist/antagonist 1
OFFAM#E R ZTE2 L, BREE RV AR ATRI IR ORI 2 CHE R ST\ % STS 1T
xb 9% R BLETEE K OV ER antagonist TEMEEH T 2 LG ORI ETF Liz, AR TT A
Y. B LT A FFEARIC OV T STS PHFETEVERAL 2 FEht L 72/ 2R, MOWIE 7 Vv — 71T &
DRI S L7z STS PRFA & [RIFRE O STS BFEM R L. B>, STS ZfHE L 72 &ICEIAET 2 E|
AWN3A M7 ER antagonist 1GVEART Y7 = =L T UFEK 30b DAL A #ER L7~ (Table
2-8),

|

Table 2-8. U — N{b&a¥y 24 K825 L5727 A F/HEMK 30b OIFEEDOE Lo

Ry, -R1
o
HNO,507 0SO,NH,
R, R,
compound X R, R, STSRAE &M 1Cso (UM) ERIZx 9 5 BEMDF M
24 C H H 1.02 agonist
25 S - H 0.09 agonist
30b Si Et Me 0.17 antagonist (ERa : ICsy = 30 nM)
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ETIE VA_ERBEAOHBRANNAITTA VA —DRE
F1H BREEX

RIETIE, A RO I A ARKEIR T & OREGIEHOR SR RELITRRDLZ LITHER
L. 74 RV vh— (Si) QRIS EFEEFCBT 26 AL RS, AHE ETIIREL
FETERTCHDL AR FIT, REBELPIMEEAT 5 - TRFBIRF LD b EFI A XRK
FNZERIMON TN D, KET A FREG R ORERFMEEOMBEHEMITZN T 1.87A, 154
ATHY ., HiZOHTNEW, —F, RFERF_BEMEA, TrbbA LT 4 U EEE2AT 50E
Wi, BUEIZE D BRYICHE S RV REIKICE L7720 . ARNTORBHZ LD IEESHEK L
TZOTHRENECDZLNHY | REMICMEEZRZ D01 L AFET D,

UbEDXo7er A FZOWEEE R, VAF LT 4 U EEDRAFT A I AZ—L LT A%
Urdi— (-Si-) BRI TERWNEE R, KEOHIEIZET L1 (Figure 3-1), WHEiLIKE TIX,
BEA O tubulin EAFLEANCEH L, AFANUEERICARLERVAF VT 4 EEEAT D
tubulin FABHLFE A combretastatin ~D 7 1 &V > h— &8 A L, 4k L 7= combretastatin #3354 D
AFIEMER L OREEOFIOFRERIC OV TR T, M. REOHRIT B AR CEKAS LA
DOFAHEBE L & ORI TH 5,

— J°C

Figure 3-1.olefin #i& D7 A £V Vo W —IZ XD E & %

% Franz, A K.; Wilson, S.0., Organosilicon Molecules with Medicinal Applications. J. Med. Chem., 2013,
56, 388-405.
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HE 28 tubulin ESFEFH combretastatin Ad BETB3FL 74 VBEEDTFAFTRY) VHh—
~DEE#]Z

21 BE

Combretastatin |%, 1980 AR T 7 U I ORI T % Combretum caffrum 7> 5 HEES v72 K
KW TdH % (Figure 3-2), combretastatin (X, tubulin @ colchicine ¥ k Z 38k, #4 L. MIEA
IZH1F 5 tbulin OEAGEZHETHIEEELFT L2 EBPHLNERSTZZENDL 2 TO%RES
< combretastatin 754 0O HLEECA AR A FEf ST X 72, tubulin O FEA LML 2T I\ THISE
KOFEHIZHATH D Z &5, tbulin ODEEZHEF S N-AMILIEE Z THIRDENI A by 7
T %, THALE TIZHM SN2 combretastatin 5 35KD 5 B combretastatin A-4 (CA-4 (39)) (TIH
(ZHR A e PUESHEE 2 R T Z ER O oo T D B, F7o, CA-439) 1T, MmENEMIC
HEELE KT L, MRMENEEE R~ 2 e b MEIN TS %, BEE CICHRICHIZE 726
DIT72NB CA-4 DV U EET B KT v 7T D CA-4P (40) (ZDOW T OERRFER D FHE ST
%

HoO,

L
MeO OMe OMe (0] OMe OMe MeO OMe OMe

combretastatin CA-2 CA-4(39: R = OH)
CA-4P (40 : R =PO3Na,)

Figure 3-2. =17 L # A X F U FHEK

62 Pettit, G.R.; Cragg, G.M.; Herald, D.L.; Schmidt, J.M.; Lohavanuaya, P., Isolation and structure of
combretastatin. Can. J. Chem. 1982, 60, 1374-1376.

6 Pettit, G.R.; Singh, S.B.; Boyd, M.R.; Hamel, E.; Pettit, R .K.; Schmidt, J.M.; Hogan, F., Antineoplastic
agents. 291. Isolation and synthesis of combretastatins A-4, A-5, and A-6 (1a).,J. Med. Chem. 1995, 38,
1666-1672.

% Nielsen, T.; Bentzen, L.; Pedersen, M.; Tramm, T_; Rijken, P.F.; Bussink, J.; Horsman, MR ., assessed
using MRI-based vessel size imaging., Clin. Cancer Res.,2012, 18, 6469-6477.

8 Zweifel, M..; Jayson, G.C.; Reed, N.S.; Osborne, R.; Hassan, B.; Ledermann, J.; Shreeves, G.; Poupard,
L.; Lu, S.P.; Balkissoon, J.; Chaplin, D.J.; Rustin, G.J., Phase II trial of combretastatin A4 phosphate,
carboplatin, and paclitaxel in patients with platinum-resistant ovarian cancer., Ann. Oncol., 2011, 22,
2036-2041.
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CA-4 (39) 132 DHIEFHEMEICOW TR Z AREDI b ORHLH DD, B FRICVAA LT o
CHEEAALTEY . BRI ORFRLEGRHAL P KV LZER N T o AT~ L BT 2
ZERHESN TV D (Figure 3-3) 9 BMEL L7z N7 AT D CA-4 (39) OPUIEBE M IXK
<, IIBRAKIE LTIIREYICTH D, £2C. ZOBRMKISOREE MERT 579012, CA-4
DA VT 4 I Z A OAL RIS 2 E IR IE A~ L IAL S ORI N DD 9E 7 L —
TIZEVRALNTND & Kt Lloa 7 M aRKicED b ziF%E & LCiX, Dos
Santos Edos A 512X 5, S < Se %3 A L7= tubulin A BLEHIOAIRFIENH 5 ©,

OMe
JEE—
MeO 0H R —
MeO OMe OMe

CA-4 (39) trans-CA-4

Figure 3-3. CA-4 (39) @ BV SG

%Y .; Akiyama, Y ; Tsuji, T. Syntheses and antitumor activity of cis-restricted combretastatins: Ohsumi,
K.; Hatanaka, T.; Fujita, K.; Nakagawa, R.; Fukuda, Y.; Nihei, Y.; Suga, Y.; Morinaga, 5-membered
heterocyclic analogues. Bioorg. Med. Chem. Lett. 1998, 8, 3153-3158.

7 Cushman, M ; Nagarathnam, D.; Gopal, D.; Chakraborti, A K ; Lin, C.M.; Hamel, E. Synthesis and
evaluation of stilbene and dihydrostilbene derivatives as potential anticancer agents that inhibit tubulin
polymerization. J. Med. Chem. 1991, 34,2579-2588.

% Tron, G.C.; OPirali, T.; Sorba, G ; Pagliai, F.; Busacca, S.; Genazzani, A.A., Medicinal chemistry of
combretastatin A4 : present and future directions., J. Med. Chem. 2006, 49, 3033-3044.

% Dos Santos Edos A.; Hamel, E.; Bai, R.; Burnett, J.C.; Tozatti, C.S.; Bogo, D.; Perdomo, R.T.; Antunes,
A.M.; Marques, M.M.; Matos Mde F.; de Lima, D.P. Synthesis and evaluation of diaryl sulfides and
diaryl selenide compounds for antitubulin and cytotoxic activity. Bioorg. Med. Chem. Lett. 2013, 23,
4669-4673.
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22 {bkBMTHA L - HEE

F1IEETHERATZEY, FARBRFIIRIERF LD RSN &b, KRET A B LK
FRFEEEGIV BRI ER Do TWVD, FULZ ORRRRFE &7 A ROFAH A XAOENIC
HEHL, CA-4(39) DV AF LT 4 v ETAFR) v h—~L@EHRL, TOEIEELFHNE
A ONMTT R, A RFEERAN 2TV A L,

FTRIEY 41 R 42 D 2 SO EFER M O FERE %A 515 L 72, Gaussian 09 program % T
M % feii k. L. MP2/6-31+G*level |2 XV GHR A2 F N L7= 7, FHEFEROFE R % Figure 3-4 |2
A, HERY . T A FFHFEER 4 OFEHET. CA-4 39) DV AT LT 4 ORI LFARED
AR LT, —J5. RIST 2 RAFER 42 OFERETE . CA-4 (39) KUV A FHFFEK 41 DR
BELZIT KX 22 o T2,

NA”
MeO S| MeO [o] OH
O’ T .
d
MeO OMe MeO Z OMe
MeO OMe oM OMe

CA-4 (39)
d=3.00A d= 303A d=247A

Figure3-4. 2 7 VX XX T L V7 = =V RBEMROKES BEEO FHE R R

" Frisch, M.J.; Trucks, G.W.; Schlegel, H.B.; Scuseria, G.E.; Robb, M.A.; Cheeseman, J.R.; Montgomery,
Jr.J.A.; Vreven, T.; Kudin, K.N.; Burant, J.C.; Millam, J.M.; Iyengar, S.S.; Tomasi, J.; Barone, V.;
Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G.A.; Nakatsuji, H.; Hada, M.; Ehara, M;
Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y .; Kitao, O.; Nakai, H.; Klene,
M.; Li, X.; Knox, J.E.; Hratchian, H.P.; Cross, J.B.; Bakken, V.; Adamo, C.; Jaramillo, J.; Gomperts, R
Stratmann, R.E.; Yazyev, O.; Austin, A.J.; Cammi, R.; Pomelli, C.; Ochterski, J.W.; Ayala, P.Y ;
Morokuma, K.; Voth, G.A.; Salvador, P.; Dannenberg, J.J.; Zakrzewski, V.G.; Dapprich, S.; Daniels,
A.D.; Strain, M.C.; Farkas, O.; Malick, D K.; Rabuck, A.D.; Raghavachari, K.; Foresman, J.B.; Ortiz, J.
V.; Cui, Q.; Baboul, A.G.; Clifford, S.; Cioslowski, J.; Stefanov, B.B.; Liu, G.; Liashenko, A.; Piskorz,
P.; Komaromi, I.; Martin, R.L.; Fox, D.J.; Keith, T.; Al-Laham, M.A.; Peng, C.Y.; Nanayakkara, A.;
Challacombe, M.; Gill, P.M. W_; Johnson, B.; Chen, W.; Wong, M.W.; Gonzalez, C.; and Pople, J.A ;
Wallingford, C.T. Gaussian 09 (Revision-A.01), Gaussian, Inc.: Pittsburgh, PA, (2009)
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BT, 7 A FiFEAk 41 LT CA-4 (39) & tubulin # > /X7 B OfE S (PDB ID : 1SA0) ™
DRy X7y Ialb—araFE Lz, FEBRICIT AutoDock 42777 2 iz, v Ialb—v
3 > OFERIL Figure 3-5 (28 L7z, FEROIEEIIZIX, PyMOL software™ % F\ 7=,

colchicine # A M. atubulin & B tubulin D~T 17 Z A ~—|ZIF(ET DRV OV A b
ThdIENREENTND P, KGR Y | 7 A FiFEA 41 KTV CA-4 (39) I, tubulin # >3
7' @ colchicine A YA MIBWTELE > THAL. EHLDEAEW S wbulin ¥ /37 &
DT I EEREE Cys241 KO Vall8l & bKFERG LIFL I Ehmasnsz, UbDovIalb—
LA VORELY . CA-4 (39) BZR—RIT YA v LTy A FHFHER 4113 CA-4 (39) & [AIkEI
J17¢ tubulin EEPLFIEE A RS & PIL, 74 RFEKR 4 L2 OFREET A 0 GRL,
o DAEPEMERHEZIT) 2L & L,

Figure 3-5. CA-4 (39) (aqua) & 7 1 ZFHE(K 41 (pink) O Ky ¥ €T )L

"I Ravelli, R.B.; Gigant, B.; Curmi, P.A ; Jourdain, I.; Lachkar, S.; Sobel, A.; Knossow. M. Insight into
tubulin regulation from a complex with colchicine and a stathmin-like domain. Nature 2004, 428,
198-202.

2 Morris, GM.; Huey, R.; Lindstrom, W.; Sanner, M.F.; Belew, R.K.; Goodsell, D.S.; Olson, A.J.
AutoDock4 and AutoDockTools4: Automated docking with selective receptor flexibility. J. Comput.
Chem., 2009, 30,2785-2791.

3 Cosconati, S.; Forli, S.; Perryman, A.L.; Harris, R.; Goodsell, D.S.; Olson, A. Virtual Screening with
AutoDock: Theory and Practice. J. Expert Opin. Drug Discovery 2010, 5, 597-607.

™ DeLano, W. The PyMol Molecular Graphics System. DeLano Scientific LLC: San Carlos, CA, USA,
<http://www .pymol.org.>.

2 Massaroti, A.; Coluccia, A.; Silvestri, R.; Sorba, G.; Brancale, A., The tubulin colchicine domain:a

molecular modeling perspective. ChemMedChem. 2012, 7, 33-42.
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23 V7= VT UFERKDOER

AITE COMRAHEOFUE O Ry F 7y Ial—va il TELNERNS, 7,
A FRFEER A OGREITH 2L & Uiz, £72. combretastatin #HEKN A BRIZHT5H 35D
methoxy FIXIEMERBUCEE CTH L Z ENMESNTND Z LD ® A BROEWILIL CA-4 (39)
ERBRIZ L, B B EO@HILATE 2 OB EW L IFERO B AEIT) 2L L L, Zhb
DALEWOERLITIEIL, Scheme 3-1 (7% L7z, JERD bromobenzene 44a, 44b K U 44f 13 %H5 3
% phenol ™ bromo {LiZ & - TH B L7=, diallyldimethylsilane (% 3, 4, 5-tribromobenzene (43) &
bromobenzene (44a-f) % n-butyllithium (n-BuLi) THLEE L 7=# (2. dichlorodimethylsilane & i &
THZ LI VAR LT, (LAY 41, 46,49 [ 155 13{LAY) 45, 48, 51 J 1} 56 D benzyl k1C
LB L, LAY S3 K47 1Z. LAY 41 KT 46 O methyl {LIC L W TR FNERK LT,

MeO Br Br R, MeO Ssil R, MeO Ssil OMe
A a
| > +
+ Z
MeO R, MeO R, MeO OMe
OMe OMe OMe

OMe

43 44a (R, = 0Bn, R, = OMe) 45 (R, = OBn, R, = OMe) 54
44b (R; =0Bn, Ry, =H) 48 (R; = OBn, R, = H)
44c (R =H, R, = OMe) 50 (R; =H, R, = OMe)
44d (Ry =H, R, = OBn) 51 (R; =H, R, = OBn)
44e (R4, Ry =-OCH,0-) 52 (Ry, Ry = -OCH,0-)
44f (R; = OMe, R, = OBn) 56 (R, = OMe, R, = OBn)

45 (R, = OBn, R, = OMe) b 41 (R, = OH, R, = OMe) ¢ 3 53 (R = OMe, R, = OMe)

48 (R, = OBn, R, = H) 46 (R, = OH, R, = H) 47 (R = OMe, R, = H)
51 (R, =H, R, = OBn) 49 (Ry =H, R, = OH)
56 (R, = OMe, R, = OBn) 55 (R, = OMe, R, = OH)

Scheme 3-1. Synthesis of silicon-containing compound 41 and its B-ring-modified derivatives 45-56."
“Reagents and conditions : (a) dichlorodimethylsilane, n-BuLi, THF, -70 °C to r.t., 12-42% ; (b) H,, Pd/C,

EtOH, r.t., 33-88% ; (c) iodomethane, K,COj;, acetone, reflux/sodium hydride, DMF, 41-66%.
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WIZ, LB 41 © AR EEWRILZEHR L, TOKE{LERRTZ, {LEW 59-62 12OV T,
LREOFHER L FEOFIETEK L2 (Scheme 3-2),

Ry Br Br 0Bn . Ry Ssil OBn
SN > G & b
Rs R7 OMe Rs R, OMe
Re Rg
57a (R4 = H, R5 = OMe, Rg = OMe, R; = OMe) 44 58a (R4 = H, R5 = OMe, Rg = OMe, R; = OMe)
57b (R4, Rs = -OCH,0-, Rg = OMe, R; = H) 58b (R4, Rs = -OCH,0-, Rg = OMe, R; =H)
57¢c (R4 =H, R; = OMe, Rg = OBn, R; = H) 58c (R4 =H, R; = OMe, Rg = OBn, R; = H)

SNai”
b Ry Si OH
Rs R; OMe
Re

59 (R, = H, Rg = OMe, R = OMe, R, = OMe)

61 (Rg, Rs = -OCH,0-, R = OMe, Ry = H)

62 (R, = H, Rs = OMe, R = OH, R; = H)

60 (R, = H, Ry = OMe, Ry = OMe, R, = H)<— ©

Scheme 3-2. Synthesis of the A-ring-modified derivatives §9-62."
“Reagents and conditions : (a) dichlorodimethylsilane, n-BuLi, THF, -70 °C to r.t. ; (b) H,, Pd/C, EtOH,

r.t., 5-36% (2 steps) ; (c) iodomethane, K,CO;, acetone, reflux, 15%.

FEWTERME Y A R EOBHEOEWR ATV, Rk T2 2 & & Lz, FHEK 64ab 13,
diallyldimethylsilane #%5E (K (45, 48, 50-52 KON 56) DAk &[4k 1L T, dichlorodiethylsilane
63a J% O® dichlorosilacyclobutane 63b % % 1L ZHUFEHZ FHWCA R L7 (Scheme 3-3),

Diallyldimethylsilane 65 I%, {L&% 64a DIl benzyl {LIZ L W BHICAKRATRETH -T2, — .,
{EA %1 64b Dl benzyl b % . ethanol/ethyl acetate JRATAME N C3Hhi L 745 %, ethanol 2311 L 72
PHEIR 66 N FHNTZ, £ 2T, 64b Ofii benzyl {L.% ethyl acetate B F17V, HHIDILEW 67
ERHZLENTE,

Diallyldimethylsilane 69 % methoxymethyl (MOM) ester & 0 . 2 steps THK L7z, s 5 k3
PR 73 1, isoerianin & FEIFNDBEAULAEM P CTH Y . JFEOILEY) T1 % trimethylaluminium
THUHS 5 2 ETHELND olefin 72 2R ILT H 2 LIC L > TR LT,

3 Petrov, O.1; Gerova, M.S.; Chanev, C.D.; Petrova, K.V. New Efficient Synthesis of Combretastatin
A-4 via Colvin Rearrangement., Synthesis., 2011, 22,3711-3715.
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43 + 44a + R‘S"R'
1
a ¢ el

63a (R =Et, R' =Et)
63b (R, R' = -CH,CH,CH,")

|\ J MeO
b MeO si OH
64a —_— \©i MeO
MeO OMe
OMe
65
SN -H
Br OMOM MeO Si OMOM MeO
S ~__H e | A f
43+ | + >si? — P  »
Z OMe c c MeO OMe MeO
OMe
44g 63c 68
(o]
[o] Cl
(t[ou 2 steps MeO | -0 g MeO ~-OH h
—_— —_—
I —
=
Zome MeO Zome MeO OMe
OMe OMe
70 7 72

a MeO
—_—

MeO

OMe d

64a (R =Et, R' =Et)
64b (R, R' = -CH,CH,CH,")

R. .R'
si 0Bn c
\(:[ 64a —>
OMe

OMe
67
Nai-H
Si | N OH
Z OMe
OMe

69

H
MeO l I OH
MeO OMe
OMe

isoerianin (73)

Scheme 3-3. Conversion of substituent groups on silicon. Synthesis of compounds 65-67, 69 and

isoerianin (73)./

“ Reagents and conditions : (a) n-BuLi, THF, -70 °C to r.t., 10-33% ; (b) H,, Pd/C, EtOH, r.t., 94% ; (c)

H,, Pd/C, EtOH/ethyl acetate, r.t., 30% ; (d) H,, Pd/C, ethyl acetate, r.t., 30% ; (¢) n-BuLi, THF, -70 °C to

r.t. ; (f) conc. HCI, MeOH, r.t., 18% (2 stepss) ; (g) trimethylaluminium in toluene, reflux, 11% ; (h) H,,

Pd/C, EtOH, rt., 83%.
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2.4 tubulin E A B ETE M K& ONHE B 18 58 80 51 75 14 5 4

IZUDIZ, B L7AEAEY O tubulin AR (Tubulin polymerization-inhibitory : TPI) {&PERE
fliz4T -7, TPI {EMEDFHIX. 7 # KB ¥ D wbulin Z WD MO 7 N—T 12 L 0 #E S
TV DFI L PIC K 0iTo 1o, TR OGOV TITIRE Z 30 uM (2 & L CTRE
fliL7z, %W T, ARk L2 DIEAWIZOWT E R IL2S A MCE-7 MK 6k 2 il R 5 4 i)
TEPERTAR ™77 & F2h U7z, 0. PEISHM A S SR TG PR 1T ICs, i & 7R 3,

CA-4 (39). L&Y 41 K UVZ D B B & 2848 L 12L& 45-56 O /EFRTEMEREANAS R 4 . Table 3-1
R LTz il L A DB % 30 uM (2 & L 72 TPHEMEREAM IZ 38 TLCA-4 (39) 1% 66% O tubulin
HAEMEEEZ R LI, VAT VT 4 a2 AR o —I B LT A a4 135 L
728D, FLL 30uM T2DMHEEL M ZR LTz, T7b5, {LEW 41 1%, CA-439) L
O tbulin WEHEFEMAZRT Z LBBO LN, 74 FLEW 41 OFEERIZB VN TE, fLE
¥) 41 @ hydroxyl 2% benzyl ester (ZZEHL L /2L G 45 1 JIEM A2 RS o7z, (LG 41 O B
R EOEHIL R, D methoxy £ I D BRUNZFEEIK 46 1 tubulin B G PHEFETEMEZ /R S o7z,
A U< | E#LEL R, D methoxy 257 > TWZRUVMEE Y 47 V48 126 TEMEITFE O b do 7,
INHOZENG, B EREOEKE R, D methoxy JiX, TPI EMERIUCHMEARAIRTHD & T
TT&E D, A FiFEK 41 OEHIL R, D hydroxyl £% Y BB 72758k 50 @ tubulin A FHLE
TEMEIR, 7 A RFHEIR 41 OFEMEL VST DRR & e odz, Fo, EHEL R, 1T hydroxyl A%
FE72 720 B8R 49,51 KOV 53 13, 597215 %2 7k L 7=, methylenedioxy 7%k 52 &, #4855 721%
P& R LTz, BLEO tubulin A FHETEMEFHIORE K5, B B EOEHE R, OZH#E, tubulin
HEEAEEEORIBIC 735 Z EARB S LT, E#iEE Ry IZ methoxy Z&H72IEA LR
trimethoxy L&) 54 (ZIXTEMEITREO /e o7z, 74 FLAEY 41 @O methoxy % & hydroxyl
EONLEZ ANNWE R TALEY 55 OIEMEIL., RESHEBET /R L o7z, 7 A FiFEIK 55 ©
hydroxyl £ % benzyl {b. L 7255354k 56 13, 5572723 & tubulin AL EE M 2R L7z,

™ Development of tubulin-polymerization inhibitors based on the thalidomide skeleton. Chem. Pharm.
Aoyama, H.; Noguchi, T.; Misawa, T.; Nakamura, T.; Miyachi, H.; Hashimoto, Y.; Kobayashi, H. Bull.
2007, 55, 944-949.

" Li, Y.; Kobayashi, H.; Tokiwa, Y.; Hashimoto. Y ; Iwasaki. S. Interaction of Phomopsin a with porcine
brain tubulin: Inhibition of tubulin polymerization and binding at a rhizoxin binding. Biochem.
Pharmacol. 1992, 43,219-224.

6 Borrel, C.; Thoret, S.; Cachet, X.; Guénard, D.; Tillequin, F.; Koch, M.; Michel, S. New antitubulin
derivatives in the combretastatin A4 series: synthesis and biological evaluation. Bioorg. Med. Chem. 2005,
13,3853-3864.

" 0'Boyle, N.M.; Carr, M.; Greene, L.M.; Bergin, O.; Nathwani, S.M.; McCabe, T.; Lloyd, D.G ; Zisterer,
D.M.; Meegan, M.J. Synthesis and evaluation of azetidinone analogues of combretastatin A-4 as tubulin
targeting agents. J. Med. Chem. 2010, 53, 8569-8584.
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b bFL2Y A MCE-T i O AR S S VERFAR I SV T CA-4 (39) 1%, FEHIZHR A 22 il
HPRITNTE M 2 7R U, 7 A Rah 8K 41 & 5070 70 MU N 75 1 2 7R L7225, CA-4 (39) @
TEMECIT R o e, A FRFFEKR 41 @ B BR L methoxy ZEZ2 TV RV 72L& 46 1. TPI
FEAM D5 e & RIS e B4 S N TG & fERR T X Ao 7o, AL R, O hydroxyl £ R Lo fk
B 50 TiX. 7 A FRFGR 4L L U TEMIIR T Lz, (k&P 52, 53 D IC, 1. £ Ei
112 TV 049 uM TH Y | CA-4 IZKIE7R WV E THMBRBEEMENEEZ R~ 2 208 bhroTz, B
ER7N trimethoxy 2 9 LG 54 (TIXTEVEITRRD B> 7o, 7 A FiFEIK 41 O methoxy
5 & hydroxyl FEDALE Z AV Z TALEWIZ O T, MREETEINENTEE 2 R S oo 7o, Bl
OB FEINHTE RN OFE R 5 . tubulin EA THE TS & M EEE TSI, H D
BEMBEL WD ZERNbhol, BRICHELZARNE LRI &2 20 TiE, R
KRCHEBR L7z TP {EMERAL & . #AE R T IR & 17 - 7o M HE AR e M Rm I 5V TR B TR
A M & BT 2 N H DT ALEWOBUKIEBUKME, 50T A XEPEVEIC B
ERIFTTZENBZLND,

Table 3-1. Tubulin polymerization-inhibitory activity and tumor cell growth-inhibitory activity of

compound 41 and its B-ring modified derivatives 45-56.

BORCY

OMe Rj .
compound R, R, R, TPI(;:;@;}; 3g)lfllik/lltlon MCF-7( S;Za)ly ICs
CA-4 (39) - - - 66 0.004

41 OH OMe H 62 0.043
45 OBn OMe H NA®¢ >30
46 OH H H NA®¢ >30
47 OMe H H NA® (52% at 30 uM)
48 OBn H H NA®¢ (57% at 30 uM)
49 H OH H 2 >30
50 H OMe H 30 0.15
51 H OBn H 4 249
52 -OCH,0O- H 14 1.12
53 OMe OMe H 11 0.49
54 OMe OMe OMe NA® >30
55 OMe OH H 1 >30
56 OMe OBn H 4 253

* Tubulin polymerization-inhibitory activity.
® Tumor cell growth-inhibitory activity against human breast cancer cell line MCF-7. Assays were
performed in triplicate.

“ No activity was observed in the concentration range examined.
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W, A B LoD BB A J5 M U7 358K 59-62 0 TP I 5T K ONHIE AR 5 50 TS M R 247
© 7= (Table 3-2), 77 A HFiHEIK 41 O A BREHIL R, D methoxy J& % @B R, ICBE S 7-(LE
¥ 59 OIEMEIX, TP IGME, MAREEFMENEEILIT LSS 41 LR TR T3 A8ER o7z,
dimethoxy L&) 60 (21X, #%53572 23 HIEMENE O bz, CA-2 ZOFHER 61 1L, & T D TPI
TEMEZ R UL72 s, AR FR ISR I LA 41 LT, RESE N T DR ERoT, A
KIFRE 72D K OBEWEZBTEALZ 62126, MERIEELIZRO bNnoTz, AR OB
ORIV, 7 A FLEW 41 O 3, 4, 5-trimethoxy 1% CA-4 (39) & [AIEE TP iEME K& O
HAFEINHENEE DO RBUCEHE CThH 5 Z E RO b,

Table 3-2. Tubulin polymerization-inhibitory activity and tumor cell growth-inhibitory activity of the

A-ring modified derivatives 59-62.

Rg

compound R, Rs Re R, TPI(i;?zdggh;K/lltlon MCF—7( Sij[z;yb 1Cso
CA-4 (39) - - - - 66 0.004

41 OMe OMe OMe H 62 0.043

59 H OMe OMe OMe 25 0.74

60 H OMe OMe H 5 5.52

61 -OCH,0- OMe H 27 (11% at 1 uM)

62 H OMe OH H 12 9.24

* Tubulin polymerization-inhibitory activity.
® Tumor cell growth-inhibitory activity against human breast cancer cell line MCF-7. Assays were

performed in triplicate.

A BB A1 O A F OB KL ORE R % Table 3-3 1273, TPIEMEFHIZ W
T, LA 41 R=Me, R’ =Me) [TMVEMEZR LTz, —J7, LAY 65 1166 1X, (L& 41
L H U TIEMENREE Lc, ML EDILEMOFHIRE RN D, 74 F E~Em W EREZ AT
D2 L CNREENEC IEEME T T 5 LB X 65, £ 2T, FAIT, silacyclobutane (L5467
J OF methylsilane {59 69 DT Y A L« GRRL ORI Z 0 L7z, & A FFEAR 69 & g7 5
7= %, isoerianin & FEXN D3I T DRBZFHEAR T3 OGO EM Lz, FORRETHEY . LS
Y 67 13D Ty TPHIGMEZ R 2 L AR & 72, 72, {bAEW 69 &1 73 @ TPIIEMEIX
S Lz,
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b b FLAS A MCF-7 AL ek U C S A0 iV M R 4 SE 05 L 72 S R 51K 65 K 1V 66 1,
TPLIGPERHM OB & [RIERIC . LG4 41 K0 & MM HIE PEANEES L 7=, silacyclobutane {b.45
W67 1L TPI 227 Y —= 7FHIIZIB W T b @V TPLIEMEZ 7R L7228, ALEW 67 OMifiaETE
MHIEPEE. LS 41 ITEDC T, TR T D L0 D AR L 22 o 72, methylsilane (L5
69 (L. M CTHR) A M AR EITEYE A 7R Ui, E 7o KT 2 RFFEM 73 000 A 54 5 H0
TEVEIX, 7 A KB ER 69 OIEVEL D B 10 FRRERVEIR & oo 7z, ARRERIT, 74K~
=N, VAT VT L DNRIAFTT AV AZ—L L THIEETLE VIR AEFFT 5250 TH
Do

Table 3-3. Effects of modification of substituent groups on silicon in 41. Tublin

polymerization-inhibitory activity and tumor cell growth-inhibitory activity of compounds 65-67, 69 and

73.
MeO R. xZ R OH
MeO :Q/ \©:0Me
o TPI assay® b
compound X R R' Inhibition (%) MCF-7 assay
at 30 MM ICSO (“‘M)
CA-4(39) - - - 66 0.004
41 Si Me Me 62 0.043
65 Si Et Et 16 171
66° Si Pr OEt 5 0.58
67 Si -CH,CH,CH,- 87 0.062
69° Si Me H 51 0.007
73 C Me H 54 0075

* Tubulin polymerization-inhibitory activity.
® Tumor cell growth-inhibitory activity against human breast cancer cell line MCF-7. Assays were
performed in triplicate.

¢ Racemic mixture.
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TNETIZELNE CA4 #EMBL LU 7 2oy T VU ERORBEETEMEB ORE B % |
Figure3-6 (CF & 05, G LT=7r A BEALEYMOREEITHMEOR R, V241700 %
HT 5 CA-4FEROEETEMHEMHEORBREFL L TWAEZ LR Tz,

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

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

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

Yemmme

R. .
MeO Si OH o s
. Inversion -
. INACTIVE -
MeO OMe )] ~~~ 7777
\?Me \

....................... . 'OMe (alkoxy group)
i 3,4,5trimethoxy __ REQUIRED ;
| IMPORTANT for activity !

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

Figure 3-6. Structure-activity relationships of the synthesized compounds.
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2.5 colchicine & AL ~DKE SR

B LTV T = = VRFERIZONT wbulin LEOFEEY A NERETHHBT, NI F UL
il S 4172 colehicine ([PH] colchicine) # Wi Gl a 17 o727, Bk L7zfx oG o
THREHZR S DIZHONWT, KA ER K O TPLIEM I3 1T 5 IC, fi % Table 3-4 [Z7R L7,

colchicine & D#EGFHIFRERIZF VT, CA-4(39) 1L, colchicine @ tubulin (2%t 5 f & & FEH

IR PHE LT, &7 A b8 41 K167 13, 3 uM TENEI 46.6% K O 88.1% O PR ETE

%o L, BE4Q TPL IEVERTAT O 5 & FRRI L C iz, BB AE SIS MR RTAT L 35 W Tl b B VR
P % 7~ L 7= methylsilane (L5 4 69 1%, #83D THJJIC colchicine DG A ZFHE L7z, xtiSd 2 RHE
55 4A 73 O colchicine ft & L EFEVEIL, AIQHEIEEVERHM OBR & [FERIC. 7 A Fih K 69 DiF
PEL I LTS T DM R & R0 T,

Table 3-4. Results of colchicine site competitive binding assay and ICs, in TPI assay.

MeO Y \@[OH
MeO OMe

OMe
oy e, 3 1 h. . . . b
TPI assay* ICsp Inhibition of ["H]colchicine binding
compound Y (UM)
3 uM 10 uM 30 uM
CA-4 (39) /T \ 4.5 93.6% - -
41 Me/“Si'\Me 16 46.6% 79.8% 90.8%
67 (s> 11.8 88.1% 99.0% 98.3%
DS
69° M siH 28 90.7% 98.9% 99.6%
¢ Me H
73 > 21.5 30.9% 73.5% 83.6%

* Tubulin polymerization-inhibitory activity.
® Assays were performed in triplicate.

¢ Racemic mixture.

8 Romagnoli, R; Baraldi, P.G.; Carrion, M.D.; Cara, C.L.; Cruz-Lopez, O.; Tolomeo, M.; Grimaudo, S.;
Di Cristina, A.; Pipitone, M.R.; Balzarini, J.; Zonta, N.; Brancale, A.; Hamel, E. Design, synthesis and
structure-activity relationship of 2-(3'4',5'-trimethoxybenzoyl)-benzo[b]furan derivatives as a novel class
of inhibitors of tubulin polymerization. Bioorg. Med. Chem. 2009, 17, 6862-6871.
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U EDORREERT D0, LAWY 69 N T3 O 2 SOREFBRBMOMMZFHE L=, stHED
R, TNENOHMEHL3.04 A K249 A THY | (LAY 73 OHEEX CA-4 (39) D cis -
RFE HAEA OB 3.00A) P LWI EMNHER SN, IRDORRIL, rAFEY U —B,
FR-RFZ_ZHEHEGORFHE L LTERT 2 L WO RDOEREHEZ R L TV D,

SE

cis
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2.6 CA-4 ROABALEY DOBEREEME

3T cis RFF-Ik % _HEGE AT 5 CA-4 (39) 13X, HAIOHRLE, BRI X VLRI L
TETR rans-R~ L B L, ZORR, EHROFGRMEMET T 52 LnmbnTnsg, £ T,
FAZ.CA-4 (39) M OERL LIALE 41,69 DI L TENEIC OWT R 21T 5 Z L 2 atHl L7z,
CA-4 (39) @ PBS FEE~DIEMEE MK o722 &0 n, RBR(LEW % PBS #EM#EHR/7 & =k
U =1:10RAEKRICERSE, S THEL TICHE L, HPLC I XV ZhThofkad
DEEMZ N L 7=, Figure 3-7 12, CA-4 (39) O ® HPLC & — b &7, R 4 I
1%, CA-4(39) DIFWRIZITREIC, 2 SOERMNBIEZE SN, ZNbD 55 1 DiE, CA-4(39)
D trans-KTH D EEZ LD, 24 FEEE, CA-4 (39) DI (W) 1X, YWD 84.5%F T
> LTz (Table 3-5), —J7. {bG# 41, 69 KON 73 1, [FISAECTH LWAERMIZBILZ ST
AREMETTIILETH D Z &N h>-o = (data not shown),

o

= Ohr }\ CA-4 (1)
‘S: 4 hr Product 1 [‘ Product 2
o \|/
T0 ,\) 1 LA) Jia)
= 6.5hr ﬁ
o i Y NV W
=" ARy f
= v/

% TR T®

Figure 3-7. Stability test of CA-4 (39) (HPLC charts).

Table 3-5. Stability test of CA-4 (39) (remaining amount of 39).

Time (hr) 0 4 6.5 24
CA-4 (39) (%) 100 90 87.9 84.5
Product 1 (%) 0 7.9 9.6 11.3
Product 2 (%) 0 2.1 2.5 42
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27 AREFDOEED

CA-4 (39) 1%, RAF, BEGREIC ARTEPEZR trans-RICEMALT 2 2 ENFHENTND Z LM b,
FAVE, ZEME L OSSR EmEEEom E2 B L, 74 BE5AEMOT A KOS
AT T2,

tubulin EAFAEA] (TPI) A7 U —=27REBRIZBNT, W ODDOEHRIEEWIL, CA-4 (39)
LRFEDIE AR LIz, ZNODEWD 5 B L&Y 69 ITFEH 125 e M FLAY A MCF-7 #ilid
2T 2 AR TR IVEYE A2 R L. £ D ICs, fHIEX. CA-4 (39) L% D 0007 uM Th o7, —
T X 2RI T3 DIETEIX. 7 A FFER 69 LV b 10 FFRREK > 72, colchicine & D
BRBRICBWNT S, 7 A FFEIR 69 1TKFKR T3 LV biRVEEZ R LT, Zh b DORERIT
TAFY T8, cis IRF-RFE ZFEMGORFHE L LTERT 2 LW o BORELE 3FFT 5
bLDOTHD, MAT, CA-4 (39) 1T, MIEEEET THMENH SIS, 7 A FFHEAE 69 1EF T
FUENTRETH- T,

UbEDZ Linh, cis RE-RFE_HEGOTAFEY o I1— & X 8% 1%, tubulin EABHE
RO ERECOF R FERIZRVED Z LRI NI,
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% 3%i PPARca agonist oleoylethanolamide X F 454 LV 7 4 VBEDTF AR VI —~~
NEXHZ

31 HFE

AIEIC. R A ROBUKMEME L LTOFAMEEZ R LI, T72bb, ZEMICHEN & -
T AF N UNEE R AT 5 wbulin EAPLFER CA4 39) O, VAF LT 4 ETAF) U —
(-Si-) I[ZEHTHZ LT, CA-4 (39) DOHUESEIEZHER LoD, WEMZWEHET D Z &ITHY)
L7 (Figure3-8), ZDfERIT, ARV U h—NA L7 4 OREBRHEEIZRVED LWV FLD
Wiz X200 THDH, 22T, KETEAFARUEELNDO T AL LT ¢ v O
BWLLTHTARY =D EREL 5 20 EMET TR ~UbA oY — AFHAN GBS
Ko (PPARa) @ agonist T# % Oleoylethanolamide (OEA) (74) 233 5 E4H 7 /L L8 D
VAFLT 4 OMREEE LT, AR A ERET S0 & MEE L 72 (Figure 3-9).

= H

MeO Ssi? OH

i) Do T

MeO OMe

MeO OMe OMe OMe
CA-4 (39) 69

Figure 3-8. AF /L _UMEEF DO AA LT 4 VB 7AFY b —THREE

Figure 3-9. BT VX NPT DL AA LT 4 2 A F ) v h—THREE
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AUV F RV Y — ARG E M Z BK (PPAR) IIENZREA— =T 7 I —D1O5ThH
0. VA RISEMEDEEEBRFTH5D, PPARIZITZa, 6. vy D3ODYT XA THNFELTE
D, V=g, U VvUmE TIFR FUBREDENRS T w22 7T vy nfalhl
TR EDTA Y A FRNEWEY T FEBZ LTS Y, PPAR DENENDOY T X
A TR R RBL L TR Y, BB, VAZ T HE, FEOR AL AL ATBWTHED
THERBHZZLTVD,

PPAR o |FZt& AN MERE, FTHE. (O, B, DIBICRBLL TRV, IElifemeib 2 filE L T
% 81, PPAR « i#iRAY agonist T& 5 fenofibrate 7¢ KIXMAEF DO R Y 7V D) FEZ KT
ZEnn . FIRMEREEE LCEE THOW O TG 2

PPAR 6 (3 EIZE R, IENHERR 2 & Lo 28 OMFRIZHBL L T 5, PPAR § B4R agonist T
% GW501516 131 > 2 U ARGIMEDO ST ¥ RNRNIR O b * 22T 2 Z & N EM FEBR CTH
LEloTEY, B IFEOKRAFAZ T RICED S Z ERHfFFEN TN D,

PPAR vy [ZEMiffaC~ 7 2 7 7 —VICHBLL TR Y | RO bAoAV &
BRI D Z o N B DOH 2T 5, PPAR v 1R agonist Td 5 thiazolidinedione |3 B
RIGIREEE L L THRKR THWS TV S,

Figure 3-10 [ZNEPEY > REABRKRY v FOBZRT,
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Figure 3-10. PPAR ONKMEY T R ZNENDY 7 X A FITkT % agonist DREIEZ

WERVEDREEET I R Toh 5 OEA OAFREH & LClL, &Ak - IREIMo I > %, 5%
fif « RERGERRR L D TUHE ¥, HNAPEHCBEB O E ¥ &3 M b T\ 5 (Figure 3-11), £ 5
LZDE 7 OBA L DIER DD T AN =X Kb TWRDN-> 7278, 2003 412 Fu HI2 &
Y OEA [ZPPARa Z /T L TIEMT 25 Z L 3 RME & 7=, & 61T, PPARa LSMZH . OEA X G
Ny SRR K GPR119 ' R0 /N =1 A R 45K TRPV (transient receptor potential vanilloid
D) PICHERT 5 2 LR SN TE Y . OBA OAEF/EMIZ PPAR . GPR119 J T} TRPVI A3
ZREELELTENENEORERLE L TWADONIZONT, LV —@OWE0ERNFHILEND,
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Oleoylethanolamide (OEA) (74)

Figure 3-11. OEA (74) O 725 FK L OVEEEH
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32 (kBT A v - HEFEER

22BETHBRARTC LT, A RBEFITRFRF LV RENWZ LD, KF-TAF (C-Si)

BIERF-RFE (C-C) ELVBRVWIENMBN TS, &I T, KEITIXOEA (74) »HT
DYAFVLT 4 DIAR) AR LBEE WA GBI L, &7 A FFEERT6 27V A L
7= (Figure 3-12),

H H

N N

~"0oH \ /\/\/\/\n/ ~"0H
m /SM [o]

OEA (74) 76

Figure 3-12.OEA (74) DY AF VT 4 L&A H# Y v 1 —TlE#h

FEOIZ, LT o4, TFARRFROREIRFIZER L7 VxR AEOW L ZRVE &
MDHT-DIC, AREN NS FEORS LAY (Z)-hex-3-ene (80), diethyldimethylsilane (81) i
ONZ 3 3-dimethylpentane (82) (22T, FHREALF A %ENE L7, 3HREAER A, Figure 3-13 [Z7R”7,
BARIIITIE, LB 80 DA L 7 ¢ VZEAET D RFE TR L O (o). (b5 81 W ONT 82
D2 ODYEFNVEEDRARD KFEFFFLOFERE (d) % B3LYP/6-31+GHIZ X W FHHER L ™, FF
FAE R4 Figure 3-12 1IZ7”9, PHELIEEBY, AFARXUEERTOF LT ¢ VR A R
K81 ORHHE (&) 1TA V7 4 AMEEW 80 OV A RF-RFE HM G ORI LKL T\, —
Ui, x5 G 82 DUERE (d) 1X. 80 KON 81 DREEE X VD B o T,

ZOZENL, AL T4 ORBELTRYRY VI —F AR U —ThDHETPHAL,
T A FHEBIRT6 L OZE OFERRIKOA R, ABEME
FHmAATO Z & & LT,

Me\ Me\
d si | d ¢ d
/ /
Me Me

80 81 82
d=3.214 A d=3.132A d=2579 A

Figure 3-13. The distance between the two carbon atoms (d) of (Z)-hex-3-ene (80),

diethyldimethylsilane (81) and 3,3-dimethylpentane (82).
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33 LAY DER

HEAFERIC L > THRLNERERLD. T, &7 A FFHFEIK 76 K76 DEHIL R DR
FR AL LT ACEW 76-19 DGR EAT D 2 & ZatE Lz, {bE4 851X, {b&W 83 Z Rkt L
TTNF Dy =G EITV, B Rax ik PMB LT 52 & THEM L, LAY 88a-d
13L& 85 K 1) 86 % n-butyllithium (n-BuLi) TLEE L 72%%. dichlorodialkylsilane (87a-d) & )i
SELZLICEVAEM LT, LEW 89a-d 1%, LAY 88a-d Dl PMB LI X D &Rk L7z, L&
¥ 90a-d 1%, L&Y 87a-d DT A~ —F VEEKIZ LV G LTz, {bEW 76-79 1X. L5 90a-d
Z7OaXRAFIVCTHMI L%, =8 ) — AT IV EGESEDLZLICE VAR LT,

F7o. D72 OEA (74) \Zxbicd 2 fafnfl§life” X 75 bl Lz, (LEMT5 13 AT 7
UUig 91) 27 maF@AF VTR LG, =& ) =T I ERISSEDL T LITH YAk
L7z,

H

a OH b OPMB
/\/\/\OH g . /\/\/\/ by /\/\/\/
83 84

85

H = OPMB
R R c R /\/\/\/ d a on
85 + \/\/\/ + USil R si Z WA
cl cl e — Si
R \/\/\/ R \/\/\/W
86 87a (R =Me) 88a (R =Me) 89a (R = Me)
87b (R =Et) 88b (R = Et) 89b (R = Et)
87c (R = n-Pr) 88c (R = n-Pr) 89c (R = n-Pr)
87d (R = n-Bu) 88d (R = n-Bu) 89d (R = n-Bu)

H
e R OH f R N
e si e s i/\/\/\/\n/ ~"0H
R \M o R M 0
90a (R = Me) 76 (R = Me)
90b (R = Et) 77 (R=Et)
90c (R = n-Pr) 78 (R = n-Pr)
90d (R = n-Bu) 79 (R = n-Bu)

H
f N
OH N OH
_—
(o] o
91 75

Scheme 3-4. Synthesis of compounds 75-79.1
“ Reagents and conditions : (a) NaH, ethylenediamine, 65 °C, 72% ; (b) CSA, 4-methoxybenzyl
trichloroacetimidate, CH,Cl,, r.t., 34% ; (c¢) n-BuLi, THF, -78 °C to r.t., 44% or crude ; (d) H,, Pd/C,
ethyl acetate, r.t., 42% or 1.4-44% (2 steps) ; (¢) DMP, CH,Cl,, r.t., 56-70% or crude ; (f) triethylamine,

methyl chloromate, ethanolamine, CH,Cl,, r.t., 14-40% or 34% (2 stepss).
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WA EHIER 2o F VELICEE L IR E G35 7 VS Vi E — IR FEWIR LT2ALEY 97,
ROA 7 FA A —REZRSER LTS 102 25 76-79 L RIREDFIETEHRK LT,

86 94 95
o [o)
d Et /\/\/\)L e /\/\/\)l\
OH Et, N~ OH
— Si — si N
Et \M Et’ \M
% 97

H
d Et OH e Et N
A Y
- . Si/\/\/\/\n/ . \SI/\/\/\/\H/ \/\OH

Et/ AV G P o | Etl VNN 0
101 102

Scheme 3-5. Synthesis of compounds 97 and 102.*
“ Reagents and conditions : (a) CSA, 4-methoxybenzyl trichloroacetimidate, CH,Cl,, r.t., 70% ; (b)
n-BuLi, dichlorodiethylsilane, THF, -78 °C to r.t., crude ; (c) H,, Pd/C, ethyl acetate, r.t., 14-15% (2

steps) ; (d) DMP, CH,Cl,, r.t., 19-50% ; (e) triethylamine, methyl chloromate, ethanolamine, CH,Cl,, r.t.,

40-68%
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34 PPAR BB &M FEAN

A FETHERE LB R 24 O R SITEH L 72ALEW 76-79 ¢ PPAR #2515 MEREAT /5
% Table 3-6 |2/~ T ALAWIE % 30 uM IZ[EE L72 PPAR LAR—H —V— 07 v A 2BV T,
BEHLRICTF LA EA L 77 Db PPAR o agonist iEPEZ /R L7228, U — NLAEY
T % OEA (74) OIEVEIIZ R0 7o BHERICA FAEEEA L7612 AT D PPAR
o agonist IEMEZ RO, o, mF LKLV BEWT AR AVEEGEALILEY 78 KDY 79
Tl RBEOEENMIZFEV PPAR o agonist JEENEFS L. L& 79 iX PPAR o agonist IG5 1%
RE 7o Tz, PPAR 6 (KT 5 agonist {EVEICHEHR T4 &, @HERICZFAEL O n-7 v E
NWEEEBAN LT 7T LTV T8 73, OEA &A%, & L <L OEA % L[FI% agonist {&MEZ R L7z, £
7=, ALAY 76-78 12OV T, OEA (74) & t_X"TC PPAR O IZXIT 238 MEA M L L7Z, 7288, W
THOEMIZEH PPAR v IZXF T2 agonist {EMEIZRO H7ehoiz,

Table 3-6. OEA (74) }i OV DFFE(RD PPAR LR — 2 — 2 — 7 v & A 3l

PPARa PPARS PPARY
compound R agonistic activity (%) agonistic activity (%) agonistic activity (%)
at 30 puM® at 30 uM" at 30 uM°

OEA (74) - 71 24 NA

75 - 9 2 NA

76 Me 19 16 NA

77 Et 30 24 NA

78 n-Pr 19 27 NA

79 n-Bu NA NA NA

% % of maximal activation of GW7647 at 30 nM
® % of maximal activation of GW501516 at 30 nM
“ % of maximal activation of rosiglitazone at 10 uM

NA means no activity at 30 uM

60



Wiz, B R %, Table 3-6 (ZF\V T b &V PPAR o agonist §F M % /8 L7172 ¥ F L[
E LT R OBEBIEORFEH (n,m) 2B LIALEY 97 KT 102 O PPAR $i55E M AHAN 21T
-7 (Table 3-7), H7-IZAK LTALEY 97 L TN102 1%, 30 uM TRl EME 2 R L2720, ATE

PEFEAN CIE AL S IRE 10 uM IZ81F 5 agonist & MEZ R LT, MMEEEFETLHT7 X LEHD

RFEH n & 1 RFEER LIALAEY 97 1X. PPAR L OV § (2% L CHE572 23 &5 agonist EMEZ 7~ L
oo — 5. LB 7T OF T FNAIEKD~F I VIEICER LAY 102 TiE, PPAR alZx$ %
agonist J&PEIXLEW 97 & RIARIZ, 14857 agonist EME L DNRO NN oT2 b DD, PPAR S
[Z%F9 % agonist {EMEIZAKE <A E L7 (PPARG agonistic activity = 31% at 10 uM), Z D Z & 7>
O, LAY TT OWMEREEZFTLHT7 VI NAEK DA 7 FNVERORFEREERT HZ T, 74

TRPMEZ S T X DR E S R S 7z, £72. Table3-8 (ZHBW T, EHMERIC -7 Y
NEEET LG 78 MLEW 77 % EIal% PPAR § agonist {EMEZ R L7 Z &G, EHER
Zon-7m E/VIEICHEE LT, £ OMOBEREORFAHEE 2 LM T 52 & T, LY ZIRAYIC PPAR
6 agonist XA CTE L AREMELH D, 2B, WTNOLLEMIZH PPARy (T3 % agonist
PEITERD o Tz,

Table 3-7. OEA (74) } OV DFFE(RD PPAR LR — % — 2 — 7 v & A 3l F

H
Et, /(CzH4)n \n/N ~"oH
Si
N\ (o}
BU (CHahmCH;
PPARa PPARS PPARY
compound n m agonistic activity (%) agonistic activity (%) agonistic activity (%)
at 10 uM* at 10 uM® at 10 uM®
OEA (74) - - 21 2 NA
75 - - 2 NA NA
77 7 7 4 17 NA
97 6 7 4 7 NA
102 7 6 3 31 NA

% % of maximal activation of GW7647 at 30 nM
® % of maximal activation of GW501516 at 30 nM
“ % of maximal activation of rosiglitazone at 10 uM

NA means no activity at 10 uM
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35 KoL

KEITIE, BEETAXIAET O ZAF L 7 4 v ORBEEL LTH A EY U —2NHET 2
MERFT 5720, OBA (74) %V — FILEME LT A REFAILAEMOT VA v ROBREAT
-7,

PPAR HEGIEMEE OFE R, OEA (74) DY AF LT 4 a4 F) v h—IC@BBR LILEY
DB, W ODEBILEYIL PPAR o agonist {EMEAE /R LTz, TOHTH, BEHRILR IC=F
NEEE BN UTALAW 77 135 bV PPAR @ agonist i&PEZ /R L7z, & 512, 77 IX OEA (74) &
A% PPAR § agonist {EMPEH A LT, £7o, 7 A BICHEF Lo BEREOREHEZEH L
TAEBMIZOWT B AR « G L. A2 FLEE2 A~ 2T H L2 ka4 102 1% OEA
(74) % ON77 % L[al% PPAR 6 agonist {51E% 7% L7z, — 5 C.102 O PPAR o (2% % agonist i
PEIX 77 Z2 Flalo> Tz,

ATl CA4 39) DV AF VLT 4 v a AR o A—THRET L2 LI LIZA, OEA
(74) L TIE, YAFL T 4 D7 AFY U= L HRBIIARATHE TRV, FF] T
RNEEBEZOLND, LML, KEICTEI AL LT USRS AFRY U —ICEBRT D 2 LT,
PPAR a (259 2 i MEI3ES L. PPAR 6 1264 28R VEA M) B3 2 Mm 23580 iz, 472
He FAFR) I —OBANZLY YT 7 A T EPWEZ I T E 5 AlREMED H D, OEA & PPAR
DIEFERIT LR LN TR, REERNAS . OEA 28 PPARa EMHAMEAT2BEICA L 7 o«
VERY D E OV E L OB I ARFNC A2 D FTREVED URIR ST, RIFRORERN S, v AA
LT R AT LA OEREICE N T, A E) U —DFENT 1 >OFM R TE
ThHhorL&ELBND,
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S

RIFFETIE, &7 A FFGEIBET 2 M RLOEER O AEORFZ B E L TIFREZIT,
TA FOYHALFRVEEIZE B L7CAIRE R O S i FE DR EZ1TH 2L L L,

BT, RN RE LTy A RERFOMEOERE | AFRLEICRBT D7 A FEAD
ZhRIZ DN TR,

W2 EETIL, estrogen agonist THDHERT =/ —/L A (2a) OREELEHIZ LV, 5072
estrogen antagonist & EEH T 57 A FFHE(L 10b (ER o 1C5, =30 nM) F ORI L 7=,
Flo, VT 2= VA X BB EART D STS IWEANS, 7y A FZ2EATLHILICXY, ZOMEE
ZAESELZ LK LI, TbDmmREZEDE, [STS HFEM] & MG X S ER
antagonist V&) Z A9 % 2 EIHFH 30b OAIRUZEKE) L 7= (STS ICs, =0.17 uM), AREDHER K
D, VT z=VAZ U BENTAREEANT DT LITED | R~ OB DA H 04 B
DEEBELDZ L ZR LT, Thbb, BERITSE, P77 == XX AeEWDIRFEIT A FE
EHAITO 22K, BRCE 2T F 2Rl 2 ZENARETH L LA D,

L

I\SiJ Si
HO~ ; ; ~OH Me,NO,SO ” ; ; ~0SO,NMe,

10b 30b
ER & —antagonist STS inhibitor
(IC5, = 30 nM) (STS IC4, = 0.17 uM)

FIETIE, F A ROREORSIZER L, 74 RICLDATF AR ROREHT VX LT
DYAF VT 4 NEEDOEZHRZIZONWTORELZITo 7, 53 HATE T, tbulin EAFHE
#Td % combretastatin A-4 (39) DHTIOIRLERAA VT 4 U HEEE T A £ 1 — Tl
THZ L ARt L, APNEEAMER L7 FLEMEZ M LS G 69 ORI LT LTz
(TPIICs, = 28 uM, MCF-7 ICy, = 0.007 uM), FEED 7= 0OIZ AR LTZIRFEIR 73 13, 7 A FihEik &
VIRIEMECH o7z, ZHODORERIT, A K o h—0, VA RFIRE HMA ORI &
LTHERT 2 LW ROEFHEZ T2 DO THD L0 Z D, 53 BEEFETIX, WK PPAR o
agonist TdH 2D OEA (74) WA T AV AA VT 4 UHEEEZ T AR V1 —CTEBTHZ & A25HHE
L. & T Te, TORER, A H#K) oI —28ALTALEW 77 73 OEA (74) 121X RIT 720
DD, PPAR o agonist iM% 75 L7= (PPAR « agonistic activity : 30% at 30 uM), £7-. 7 A #&
U B —HAIZEY PPAR & (ZKF T 23R M E LT, kAW 77 % EICHEE R L. PPAR S
WX D BIRVED M E L7 ka1 Z ALz, b Z &b, Y AF LT 40 UHEED T
ARV I —IZ R DEHRO R, LGP ORECERIOEWVZ LY B D 2 ERRBENT,
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MeO NeiH OH
Meoj©/ \©i0Me
OMe
69
Tubulin polymerization inhibitor
(MCF-7 IC4, = 0.007 uM)

H H
Et\s-/\/\/\/\ﬂ/N\/\OH Et -/\/\/\/\[]/N\/\OH
i Si
Etl \M o Et/ AV P N ¢

71 102
PPAR o —agonist PPAR § —agonist
(agonistic activity : 30% at 30 uM) (agonistic activity : 31% at 10 uM)

by KWZETIET A RICEAT2H - 2mAnGE o, AP BIT D74 F0Of
MMz s Enlz, b ORRIE, AROERCFAROCAET A FILFORRBRICFTT DL
DTHHEEZBND,
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1. AR

General :

"H NMR spectra were recorded on a JEOL JNM-GX500 and JNM-ECA-500 (500 MHz) spectrometer.
Chemical shifts for 'H-NMR are reported in parts per million (ppm) downfield from tetramethylsilane (d)
and coupling constants are in hertz (Hz). The following abbreviations are used for spin multiplicity: s =
singlet, d = doublet, t = triplet, q = quartet, quint = quintet, sept = septet, m = multiplet, br = broad.
Chemical shifts for *C-NMR are reported in ppm relative to the centerline of the triplet at 77.0 ppm for
deuteriochloroform. Mass spectra were recorded on a JEOL JMS-HX110 spectrometer using
3-nitrobenzyl alcohol (NBA) as matrix. Melting points were determined on a MP-J3 melting point
apparatus (Yanaco, Japan). Routine thin layer chromatography (TLC) and preparative TLC (PTLC) were
performed on silica gel 60 F254 plates (Merck, Germany). Flash column chromatography was performed
on Silica gel 60 (spherical, particle size 40-100 u m; Kanto). The purity of tested compounds was
determined by ultra-high-performance liquid chromatography (UHPLC (Nexera system, Shimadzu,
Japan)) [YMC-UltraHT Hydrosphre C18 column (75 x 3.0 mm L.D. S-3, 12 nm), 20-90% MeCN in H20

with 0.1% phosphoric acid for 8.5 min, 0.8 mL/min, 40 °C, UV detection: 254 nm].
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4.4'-(dimethylsilanediyl)diphenol (2b)*

L
T
HO Z OH

To a solution of 4-bromophenol (3.82 g, 22.1 mmol) in dry THF (25 mL) was added n-butyl lithium in
n-hexane (2.69 M, 19 mL, 51.5 mmol) under an Ar atmosphere at -78 °C. The mixture was stirred at
room temperature for 1 h. To this was added dichlorodimethylsilane (0.88 mL, 7.3 mmol) at -78 °C, and
stirring was continued at room temperature for 5 h. The reaction was quenched with NH,Cl aq., and the
whole was extracted with ethyl acetate. The extract was successively washed with water and brine, and
then dried over MgSO,. The solvent was evaporated, and the residue was purified by means of silica gel
column chromatography (hexane/ethyl acetate = 9/1 to 2/1) to give 2b (0.81 g, 45.4%) as a white solid.
mp : 172-174 °C (lit. 174 °C). '"H-NMR (500 MHz, CD;0D) : § 7.30 (d, 4H, J = 8.6 Hz), 6.76 (d, 4H, J =
8.6 Hz), 0.43 (6H, s). "C-NMR (500 MHz, CD;OD) : § 159.41, 136.63, 129.22, 115.90. MS (FAB+)

m/z : 245 (M+H").

4.4'-(diethylsilanediyl)diphenol (3b)*

L

LI Q.

The title compound was prepared according to the procedure described for 2b, starting from
dichlorodiethylsilane (y. 11.8%). Colorless oil. '"H-NMR (500 MHz, CDCl,) : 6 7.36 (d, 2H, J = 7.5 Hz),
6.82 (d, 2H, J = 7.5 Hz), 4.88 (s, 2H), 1.02-0.97 (m, 10H). "C-NMR (500 MHz, CDCl;) : § 156.44,
136.64, 127.63, 115.02,7.51,4.30. MS (FAB+) m/z : 272 (M*).

8 OTagle, L.H.; Terraza, C.A.; Alvarez, P. Synthesis and Characterization of Poly(carbonates) and
Poly(thiocarbonates) Derived from Diphenols Containing Silicon as Central Atom. Phosphorus, Sulfur,
and Silicon and the Related Elements 2006, 181,239-248.
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Bis(4-(benzyloxy)-3-methylphenyl)dipropylsilane (23)

it

Wenol

The title compound was prepared according to the procedure described for 2b, starting from
dichlorodi-n-propylsilane and 1-(benzyloxy)-4-bromo-2-methylbenzene (22) (y. 4.3%). Yellow oil.
'H-NMR (500 MHz, CDCl;) : & 7.45 (d,4H,J =74 Hz),7.39 (t,4H,J = 7.4 Hz), 7.34-7.31 (m, 2H), 7.27
(m, 4H), 6.88 (d, 2H, J = 8.0 Hz), 5.08 (s, 4H), 2.27 (s, 6H), 1.44-1.34 (m, 4H), 1.03-0.95 (m, 10H).
C-NMR (500 MHz, CDCl;) : 6 157.75, 137.49, 137.18, 133.89, 128.49, 127.79, 127.72, 127.11, 126 25,
110.66, 69.52, 18.58, 17.47, 16.50, 15.75. HRMS (FAB+) m/z : calcd for C;,H,,0,Si 508.2798, found
508.2758 (M*).

4.4'-(Diethylsilanediyl)bis(2-methylphenol) (10b)

L)

The title compound was prepared according to the procedure described for 2b, starting from
dichlorodiethylsilane (y. 11.8%). White solid. mp : 110-112 °C, '"H-NMR (500 MHz, CD,0D) : 8 7.15 (s,
2H),7.11 (d,2H,J = 7.9 Hz), 6.73 (d, 2H, J = 7.9 Hz), 2.16 (s, 6H), 0.96-0.94 (m, 10H). *C-NMR (500
MHz, CD;0OD ) : & 157.51, 138.54, 134.85, 127.19, 124.92, 115.21, 16.22, 7.85, 5.32. MS (FAB+) m/z :
300 (M™).

4.4'-(dipropylsilanediyl)bis(2-methylphenol) (11b)

it

O,

To a mixture of bis(4-(benzyloxy)-3-methylphenyl)dipropylsilane (23) (747 mg, 1.47 mmol), EtOH
(0.5 mL) and ethyl acetate (1.5 mL) was added 5% Pd/C (37.4 mg) at room temperature, and the mixture
was stirred under an H, atmosphere at the same temperature for 18 h. The reaction mixture was filtered
through a Celite pad and the solvent was evaporated. The residue was purified by PTLC (hexane/ethyl
acetate = 4/1) to give 11b (18.4 mg, 3.8%) as a white solid. mp : 99-101 °C. 'H-NMR (500 MHz,
CD;0D) : & 7.04 (s, 2H), 6.99 (d, 2H, J = 8.0 Hz), 6.62 (d, 2H, J = 8.0 Hz), 2.06 (s, 6H), 1.28-1.19 (m,
4H), 0.85 (m, 10H). "C-NMR (500 MHz, CD,0D) : 6 157.50, 138.49, 134.79, 127.46, 124.88, 115.15,
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18.88, 18.57, 1698, 16.27. MS (FAB*) m/z : 328 (M*). HRMS (FAB+) m/z : calcd for C,H,30,Si

328.1859, found 328.1851 (M*).

4.4'-(dibutylsilanediyl)bis(2-methylphenol) (12b)

1
O,

The title compound was prepared according to the procedure described for 2b, starting from
4-bromo-o-cresol and dichlorodibutylsilane (y. 2%). Colorless oil. '"H-NMR (500 MHz, CDCL,) : 6 6.93
(s,2H), 6.87 (d, 2H, J = 8.0 Hz), 6.67 (d, 2H, J = 8.0 Hz), 4.61 (s, 2H), 2.50 (t,4H, J = 8.0 Hz), 2.22 (s,
6H), 1.58-1.51 (m, 4H) , 1.38-1.29 (m, 4H) , 0.91 (t, 6H, J = 7.4 Hz). "C-NMR (500 MHz, CDCl,) : 6
151.64, 135.13, 130.97, 126.78, 123.33, 114.67, 34.73, 33.95, 22.32, 15.73, 13.94. HRMS (FAB+) m/z :

calcd for C»,H;,N,Si 356.2172, found 356.2151 (M*).
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Ho2E HIH

Methylenebis(4,1-phenylene) bis(sulfamate) (24)

H,NO,S0~ ‘ ‘ ~ 0SO,NH,

The title compound was prepared according to the procedure described for 26b, starting from
4 4'-methylenediphenol (1) (y. 81.6%). Colorless crystals. mp : 173-175 °C. 'H-NMR (500 MHz,
CD;OD) : 6 7.26 (dd, 4H, J = 6.6, 2.3 Hz), 7.22 (dd, 4H, J = 6.6, 2.3 Hz), 3.99 (s, 2H). *C-NMR (500
MHz, CD,0D) : 6 150.49, 141.10, 131.00, 123.45, 41.44. MS (FAB") m/z : not detected.

Thiobis(4,1-phenylene) bis(sulfamate) (25)

H,NO,SO 0SO,NH,

The title compound was prepared according to the procedure described for 26b, starting from
4 4'-methylenediphenol (y. 4.6%). White solid. mp : 150-152 °C. '"H-NMR (500 MHz, CD,0D) : & 7.30
(dd,4H,J=6.3,2.0 Hz), 7.19 (dd, 4H, J = 6.3, 2.0 Hz). "C-NMR (500 MHz, CD;0D) : 6 151.49, 135.21,
133.51, 124.43. HRMS (FAB*) m/z : calcd for C,,H;,N,0,S; 375.9858, found 375.9897 (M").

(Dimethylsilanediyl)bis(4,1-phenylene) bis(sulfamate) (26b)

~Nal

| S
HNO,S0” NF : ~ 0SO,NH,

To a solution of 4.4'-(dimethylsilanediyl)diphenol (2b) (200 mg, 0.82 mmol) in DMA (1 mL) was
added sulfamoyl chloride (283 mg, 2.46 mmol) at O °C. The mixture was stirred at room temperature for
3 h. The reaction was quenched with H,O aq., and the whole was extracted with ethyl acetate. The extract
was successively washed with water and brine, and then dried over MgSO,. The solvent was evaporated,
and the residue was purified by means of silica gel column chromatography (hexane/ethyl acetate = 2/1 to
1/1) to afford a white solid. This was recrystallized from chloroform/hexane to give 26b (154.4 mg,
46.8%) as colorless crystals. mp : 154-155 °© C.'H-NMR (500 MHz, CD;OD) :  7.07 (d,4H,J = 8.6
Hz), 6.81 (d, 4H, J = 8.6 Hz), 0.56 (s, 6H). "C-NMR (500 MHz, CD;OD) : & 153.13, 137.66, 136.63,
122.84. HRMS (FAB*) m/z : calcd for C,,H;;N,0O4S,Si 403.0454, found 403 .449 (M+H").
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4-((4-Hydroxyphenyl)dimethylsilyl)phenyl sulfamate (27)

H,NO,SO OH

To a solution of 4 4'-(dimethylsilanediyl)diphenol (2b) (24 mg, 0.98 mmol) in DMA (1 mL) was added
sulfamoyl chloride (135.9 mg, 1.18 mmol) at 0 °C. The mixture was stirred at room temperature for 4 h.
The reaction was quenched with H,O aq., and the whole was extracted with ethyl acetate. The extract was
successively washed with water and brine, and then dried over MgSO,. The solvent was evaporated, and
the residue was purified by means of silica gel column chromatography (chloroform/ MeOH = 40/1) and
PTLC (hexane/ethyl acetate = 2/1) to give 27 (42.7 mg, 13.4%) as a colorless oil. 'H-NMR (500 MHz,
CDCly) : 6 7.54 (dd, 1H, J = 6.6,2.0 Hz), 7.39 (dd, 1H, J = 6.6, 2.0 Hz), 7.29 (dd, 1H, J = 6.6, 2.0 Hz),
6.84 (dd, 1H, J = 6.6, 2.0 Hz), 4.90 (brs, 3H), 0.52 (s, 6H). *C-NMR (500 MHz, CDCl;) : & 156.78,
150.87, 138.54, 135.93, 135.89, 12846, 12141, 11522, -2.16. HRMS (FAB*) m/z : calcd for

C,4H,,NO,SSiNa 346.0545, found 346.0558 (M+Na*).

(Dimethylsilanediyl)bis(4,1-phenylene) bis(dimethylsulfamate) (28)

Na: ™

ISR BN
Me,NO,SO 0SO,NMe,

To a solution of (dimethylsilanediyl)bis(4,1-phenylene) bis(sulfamate) (26b) (70.2 mg, 0.17 mmol) in
dry DMF (1 mL) was added sodium hydride (60% suspension in mineral oil, 34.4 mg, 0.79 mmol) at
room temperature, and the mixture was stirred at the same temperature for 1 h. To this was added methyl
iodide (0.054 mL, 0.87 mmol), and stirring was continued at room temperature for 19 h. The reaction was
quenched with H,O, and the whole was extracted with ethyl acetate. The extract was successively washed
with water and brine, and then dried over MgSO,. The solvent was evaporated, and the residue was
purified by means of silica gel column chromatography (hexane/ethyl acetate = 4/1) to afford a white
solid. This was recrystallized from hexane/ethyl acetate to give 28 (12.9 mg, 16.1%) as colorless needles.
mp : 128-129 °C. 'H-NMR (500 MHz, CDCl,) : 6 7.51 (d,4H, J = 8.6 Hz), 7.27 (d, 4H, J = 8.6 Hz), 2.98
(s, 12H), 0.55 (s, 6H). "C-NMR (500 MHz, CDCl;) : § 151.33, 136.46, 135.81, 121.20, 38.86, -2.25.

HRMS (FAB*) m/z : caled for C,sH,,N,0,S,Si 459.1080, found 459.1077 (M+H").
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(Diethylsilanediyl)bis(4,1-phenylene) bis(sulfamate) (29b)

/©/Si \©\
H,NO,S0 OSO,NH,

The title compound was prepared according to the procedure described for 26b, starting from
4 4'-(diethylsilanediyl)diphenol (3b) (y. 24.8%). Colorless crystals. mp : 175-176 °C. 'H-NMR (500 MHz,
CD,OD) : 8 7.55 (d,4H,J = 8.6 Hz), 7.32 (d, 4H, J = 8.6 Hz), 1.11 (t,4H,J = 7.7 Hz), 098 (q, 6H, J =
7.7 Hz). "C-NMR (500 MHz, CD,0D) : § 153.17, 137.33, 135.52, 122.83, 7.57, 4.64. HRMS (FAB*)
m/z : caled for C;(H,;N,0,S,Si 431.0769, found 431.0767 (M+H").

(Diethylsilanediyl)bis(2-methyl-4,1-phenylene) bis(sulfamate) (30b)

L

Si
H,NO,SO~ ; ; ~ 0SO,NH,

The title compound was prepared according to the procedure described for 26b, starting from
4 4'-(diethylsilanediyl)bis(2-methylphenol) (8b) (y. 25.1%). White solid. mp : 155-156 °C. '"H-NMR (500
MHz, CD,0D) : 6 7.37 (s, 2H), 7.34-7.32 (m, 4H), 2.32 (s, 6H), 1.09-0.99 (m, 4H), 0.98-0.96 (m, 6H).
BC-NMR (500 MHz, CD;OD) : & 151.68, 138.99, 135.57, 134.65, 132.15, 122.67, 16.65, 7.62, 1.62.

HRMS (FAB*) m/z : caled for C,sH,N,0,S,SiNa 481.0899 found 481.0906 (M+Na*).

(Dipropylsilanediyl)bis(2-methyl-4,1-phenylene) bis(sulfamate) (31b)

1

Si
H,NO,S0” ; ; ~ 0SO,NH,

The title compound was prepared according to the procedure described for 26b, starting from
4 4'-(diethylsilanediyl)diphenol (21b) (y. 1.4%). White solid. mp : 100-102 °C. 'H-NMR (500 MHz,
CD;0D) : & 7.27 (d, 2H, J = 8.0 Hz), 7.25 (s, 2H), 7.23 (dd, 2H, J = 8.0, 1.1 Hz), 2.24 (s, 6H), 1.36 (m,
4H), 1.09 (m, 4H), 0.98 (t, 6H, J = 7.2 Hz). "C-NMR (500 MHz, CD,0D) : 6 149.68, 138.21, 135.70,
133.72, 130.60, 121.11,29.69, 18.44, 17.23, 16.59, 15.05. HRMS (FAB™) m/z : calcd for C,,H;,N,O¢S,Si
486.1315, found 486.1329 (M™).
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(Dibutylsilanediyl)bis(2-methyl-4,1-phenylene) bis(sulfamate) (32b)

H\Si/H
H,NO,S0° ; :r\ > 0SO,NH,

The title compound was prepared according to the procedure described for 26b, starting from
4 4'-(dibutylsilanediyl)bis(2-methylphenol) (22b) (y. 33.8%). White solid. mp : 55-56 °C. 'H-NMR (500
MHz, CD;0OD) : 6 7.22 (d, 2H, J = 8.6 Hz), 7.07 (2H, s), 7.01 (d, 2H, J = 8.6 Hz), 2.57 (t,4H, J = 7.7 Hz),
1.59-1.58 (m, 4H), 1.37-1.30 (m, 4H), 0.93 (t, 4H, J = 7.4 Hz). "C-NMR (500 MHz, CD;OD) : & 148.58,

142.49, 13241, 132.40,127.78, 123.01,35.97, 34.97,23.30, 16.67, 14.25. MS (FAB*) m/z : not detected.

Propane-2,2-diylbis(4,1-phenylene) bis(sulfamate) (26a)

H,NO,S0” ‘ ‘ ~ 0SO,NH,

The title compound was prepared according to the procedure described for 26b, starting from
4 4'-(propane-2,2-diyl)diphenol (y. 26%). White solid. mp : 199-201 °C. 'H-NMR (500 MHz, CD;0D) :
d7.30 (dd, 8H, J = 6.8,2.2),7.22 (dd, 8H, J = 6.8, 2.2), 1.69 (s, 6H). "C-NMR (500 MHz, CD;0D) : 6
148.85, 148.71, 127.74, 121.56, 42.25, 29.89. HRMS (FAB*) m/z : calcd for C;sH,sN,O¢S, 386.0606,

found 386.0621 (M*).

Pentane-3,3-diylbis(4,1-phenylene) bis(sulfamate) (29a)

H,NO,SO ‘ ‘ OSO,NH,

The title compound was prepared according to the procedure described for 26b, starting from
4 4'-(pentane-3,3-diyl)diphenol83 (y. 26%). White solid. mp : 230-232 °C. 'H-NMR (500 MHz,
CD;OD) : § 7.24 (d,4H,J =92 Hz),7.21 (d,4H,J =9.2 Hz),2.17 (q,4H,J = 7.3 Hz), 0.64 (t, 6H, J =
7.3 Hz). "C-NMR (500 MHz, CD;OD) : 6 147.89, 146.12, 128.91, 121.39, 48.86, 28.41, 8.26. HRMS

(FAB*) m/z : calcd for C,;H,,N,0,S,414.0919, found 414.0894 (M*).
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Pentane-3,3-diylbis(2-methyl-4,1-phenylene) bis(sulfamate) (30a)

H,NO,SO ‘ ‘ OSO,NH,

The title compound was prepared according to the procedure described for 41b, starting from
4 4'-(pentane-3,3-diyl)bis(2-methylphenol) (y. 45%). Yellow solid. mp : 140-142 °C. 'H-NMR (500 MHz,
CD,0OD) : 6 7.14 (d, 2H, J = 8.6 Hz), 6.98-6.92 (m, 4H), 2.20 (s, 6H), 2.03 (q, 4H, J = 7.3 Hz), 0.52 (t,
6H,J = 7.3 Hz). "C-NMR (500 MHz, CD,0D) : § 176.57, 176.24, 160.20, 159.97, 155.82, 150.56, 78 46,
58.15,45.07,36.81. HRMS (FAB*) m/z : calcd for C,;H,(N,O¢S, 442.1232, found 442.1255 (M").

Heptane-4,4-diylbis(2-methyl-4,1-phenylene) bis(sulfamate) (31a)

H,NO,SO ‘ ‘ 0SO,NH,

The title compound was prepared according to the procedure described for 26b, starting from
4 4'-(heptane-4 4-diyl)bis(2-methylphenol) (y. 7.4%). White solid. mp : 180-182 °C. 'H-NMR (500 MHz,
CD;0OD) : & 7.14 (d, 2H, J = 8.6 Hz), 6.98 (s, 2H), 6.93 (d, 2H, J = 8.6 Hz), 2.20 (s, 6H), 1.97-1.93 (m,
4H), 0.91-0.86 (m, 4H), 0.77 (t, 6H, J = 6.9 Hz). "C-NMR (500 MHz, CD;OD) : & 148.53, 148.40,
131.82, 131.79, 127.47, 122.44, 4987, 41.06, 18.29, 1692, 14.99. HRMS (FAB*) m/z : calcd for
C,,H;5)N,O,S, 470.1545, found 470.1541 (M*).

Nonane-5,5-diylbis(2-methyl-4,1-phenylene) bis(sulfamate) (32a)

H,NO,SO ! ‘

The title compound was prepared according to the procedure described for 26b, starting from

OSO,NH,

4 4'-(nonane-5,5-diyl)bis(2-methylphenol) (y. 31%). White solid. mp : 75-77 °C. '"H-NMR (500 MHz,
CD,0OD): 6 7.23 (d,2H,J=8.6 Hz),7.07 (d,2H, J = 2.3 Hz), 7.02 (d, 2H, J = 8.6, 2.3 Hz), 2.29 (s, 6H),
1.27 (m, 4H), 0.97-0.91 (m, 4H), 0.83 (t, 6H, J = 7.2). "C-NMR (500 MHz, CDCL,) : 6 147.73, 146.51,
130.89, 130.33, 126.69, 120.96, 48 49, 37.14, 25.99, 23.27, 16.88, 14.01. HRMS (FAB*) m/z : calcd for
C,3:H3N,O,S, 498.1858, found 498.1880 (M*).
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4-(tert-Butyl)phenyl sulfamate (33)*

H,NO,S0” :

The title compound was prepared according to the procedure described for 26b, starting from phenol (y.
35.8%). White solid. mp : 80-81 °C, 'H-NMR (500 MHz, CDCl;) : § 7.44-7.37 (m, 2H), 7.34-7.29 m,
3H), 4.95-4.88 (m, 2H). *C-NMR (500 MHz, CDCl;) : & 150.13, 130.03, 127.47, 122.18. MS (FAB*)
m/z : 173 (M*).

4-(tert-Butyl)phenyl sulfamate (34)

A

HNO,S07 N7

The title compound was prepared according to the procedure described for 26b, starting from
4-(tert-butyl)phenol (y. 55.5%). White solid. mp : 98-100 °C, 'H-NMR (500 MHz, CDCl,) : § 7.42 (dd,
2H,J = 6.9, 2.3 Hz), 7.24 (dd, 2H, J = 6.9, 2.3 Hz), 4.95 (brs, 2H), 1.32 (9H, s). "C-NMR (500 MHz,
CDCly) : 8 150.57, 147.81, 12691, 121.54, 34.70, 31.43. HRMS (FAB*) m/z : caled for C,;H,;sNO5S

229.0773, found 229.0779 (M*).

4-(Trimethylsilyl)phenyl sulfamate (35)

N o
N SI\

HNO,S07 N7

The title compound was prepared according to the procedure described for 26b, starting from
4-(trimethylsilyl)phenol (y. 54.2%). White solid. mp : 97-99 °C. '"H-NMR (500 MHz, CDCl,) : § 7.56 (d,
2H, J = 8.6 Hz), 7.31 (d, 2H, J = 8.6 Hz), 4.87 (brs, 2H), 0.24 (s, 9H). "C-NMR (500 MHz, CDCl,) : 6
150.71, 140.19, 135.07, 121.38, -1.08. HRMS (FAB*) m/z : caled for CoH (NO,;SSi 246.0620, found
246.0617 (M+H").

8 Hanson, SR.; Whalen, L.J.; Wong, C.H. Synthesis and evaluation of general mechanism-based
inhibitors of sulfatases based on (difluoro)methyl phenyl sulfate and cyclic phenyl sulfamate motifs.
Bioorg. Med. Chem. 2006, 14, 8386-8395.
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4-(Triethylsilyl)phenyl sulfamate (36)

o
H,NO,SO

The title compound was prepared according to the procedure described for 26b, starting from
4-(triethylsilyl)phenol (y. 35.5%). White solid. mp : 73-75 °C. '"H-NMR (500 MHz, CDCl;) : § 7.53 (d,
2H,J=8.6 Hz),7.31 (d, 2H, J = 8.6 Hz), 4.87 (brs, 2H), 0.96 (t,9H, J = 8.1 Hz),0.79 (q, 6H, J = 8.1 Hz).
BC-NMR (500 MHz, CDCl,) : 6 150.71, 137.24, 135.87, 121.32, 7.39, 3.38, 3.17. HRMS (FAB*) m/z :
calcd for C,,H,,NO,;SSi 288.1089, found 228.1089 (M+H").
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BIE H2M

5-(Dimethyl(3,4,5-trimethoxyphenyl)silyl)-2-methoxyphenol (41)

To a solution of (34-dimethoxyphenyl)dimethyl(3,4,5-trimethoxyphenyl)silane (45) (144.6 mg, 0.33
mmol) in EtOH (4 mL) was added 5% Pd/C (14.5 mg) at room temperature, and the mixture was stirred
under an H, atmosphere at the same temperature for 12 h. The reaction mixture was filtered through a
Celite pad and the solvent was evaporated. The residue was purified by silica gel column chromatography
(hexane/ethyl acetate = 4/1) to give 41 (94.7 mg, 82%) as a colorless oil. 'H-NMR (500 MHz, CDCL,) : §
7.08 (d, 1H,J = 1.1 Hz), 7.00 (dd, 1H, J = 8.0, 1.1 Hz), 6.87 (d, 1H, J = 8.0 Hz), 6.71 (s, 2H), 5.57 (s,
1H), 3.89 (s, 3H), 3.86 (s, 3H), 3.84 (s, 6H), 0.51 (s, 6H). *C-NMR (500 MHz, CDCl,) : 6 153.05, 147.67,
145.30, 139.18, 133.51, 13049, 126.54, 119.89, 11091, 110.50, 60.86, 56.25, 55.86, -2.02. HRMS
(FAB*) m/z : calcd for C,{H,s05Si 349.1471, found 349.1478 (M+H").

(3,4-Dimethoxyphenyl)dimethyl(3.,4,5-trimethoxyphenyl)silane (45)
MeO Ssil OBn
MeO I;/ \@[OMe

OMe
and Diethylbis(3,4,5-trimethoxyphenyl)silane (54)
MeO Ssil OMe
A7 L,

OMe OMe
To a solution of 5-bromo-1,2,3-trimethoxyphenol (543.6 mg, 2.2 mmol) in dry THF (5 mL) was added
n-butyl lithium in n-hexane (2.65 M, 0.83 mL, 2.2 mmol) under an Ar atmosphere at -78 °C. The mixture
was stirred at same temperature for 1 h, and then added to a solution of dichlorodimethylsilane (0.3 mL,
2.0 mmol) in dry THF (2.5 mL) at -78 °C. The mixture was stirred at room temperature for 1.5 h, and
cooled to -78 °C. To this was added a solution of (3-(benzyloxy)-4-methoxyphenyl)lithium (2.0 mmol) in
dry THF at -78 °C. The mixture was stirred at the same temperature for 2 h, and at room temperature for
3 h. The reaction was quenched with NH,ClI aq., and the whole was extracted with ethyl acetate. The

extract was successively washed with water and brine, and then dried over MgSO,. The solvent was

evaporated, and the residue was purified by means of silica gel column chromatography (hexane/ethyl
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acetate = 19/1 to 4/1) to give 45 and 54. Compound 45 (187.2 mg, y. 21%), white solid. mp : 57-59 °C,
'H-NMR (500 MHz, CDCl;) : 6 7.38 (d, 2H, J = 9.0 Hz), 7.35-7.31 (m, 2H), 7.29-7.27 (m, 1H), 7.09 (dd,
1H,J/=8.0,1.1Hz),7.00 (d, 1H,J=1.1 Hz),6.92 (d, 1H, J = 8.0 Hz), 6.65 (s, 2H), 5.11 (s, 2H), 3.89 (s,
3H), 3.87 (s, 3H), 3.81 (s, 6H), 0.47(s, 6H). C-NMR (500 MHz, CDCl;) : 6 153.05, 150.91, 147.76,
139.16, 137.30, 133 .48, 129.39, 128.56, 128.02, 127.90, 127.49, 119.91, 111.64, 110.86, 71.30, 60.86,
56.23,55.89,-1.96. HRMS (FAB*) m/z : caled for C,sH;,05Si 438.1863, found 438.1871 (M").
Compound 54 (218.1 mg, y. 27.8%), white solid. mp : 39-41 °C, '"H-NMR (500 MHz, CDCL,) : § 6.72 (s,
4H), 3.87 (s, 6H), 3.85 (s, 12H), 0.54 (s, 6H). "*C-NMR (500 MHz, CDCl,) : § 153.12, 139.32, 133.09,
110.99, 60.88, 56.30, -1.86. HRMS (FAB™) m/z : caled for C,,H,O¢Si 393.1733, found 393.1732

(M+H").

3-(Dimethyl(3,4,5-trimethoxyphenyl)silyl)phenol (46)

The title compound was prepared according to the procedure described for 41, starting from compound 48.
Yield : 88%. White solid. mp : 104-106 °C, '"H-NMR (500 MHz, CDCl;) :  7.27-7.23 (m, 1H), 7.08 (d,
1H,J =7.0 Hz), 6.95 (d, 1H, J = 3.0 Hz), 6.85-6.83 (m, 1H), 6.70 (s, 2H), 4.81 (brs, 1H), 3.86 (s, 3H),
3.84 (s, 6H), 0.53 (s, 6H). "C-NMR (500 MHz, CDCl;) : & 155.09, 153.09, 140.33, 139.26, 133.01,
129.38, 126.55, 120.71, 116.25, 110.98, 60.87, 56.26, -2.18. HRMS (FAB*) m/z : calcd for C;;H,,0,Si
318.1287, found 318.1291 (M*).

(3-Methoxyphenyl)dimethyl(3.,4,5-trimethoxyphenyl)silane (47)
MeO Ssil OMe
BORC]

OMe
Methyl iodide (16 uL, 0.25 mmol) was added to a mixture of
3-(dimethyl(3 .4 ,5-trimethoxyphenyl)silyl)phenol (46) (61 mg, 0.19 mmol), sodium hydride (60%
suspension in mineral oil, 8.4 mg, 0.21 mmol) and DMF (1 mL) at O °C. The mixture was stirred at room
temperature for 2.5 h. The reaction was quenched with H,O, and the whole was extracted with ethyl
acetate. The extract was successively washed with water and brine, and then dried over MgSO,. The
solvent was evaporated, and the residue was purified by means of PTLC (hexane/ethyl acetate = 5/1) to

give 47 (49.1 mg, 66%) as a colorless oil. 'H-NMR (500 MHz, CDCl;) : § 7.33-7.29 (m, 1H), 7.11 (d, 1H,
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J =69 Hz), 706 (d, 1H, J = 2.3 Hz), 6.93-6.90 (m, 1H), 6.71 (s, 2H), 3.89 (s, 3H), 3.84 (s, 6H), 3.80
(s,3H), 0.54 (s, 6H). "C-NMR (500 MHz, CDCl;) : 6 159.07, 153.10, 139.90, 139.27, 133.09, 129.17,
126.51, 119.93, 114.29, 110.97, 60.87, 56.26, 55.19, -2.13. HRMS (FAB") m/z : calcd for C;3H,50,Si
333.1522, found 333.1524 (M+H").

(3-(Benzyloxy)phenyl)dimethyl(3,4,5-trimethoxyphenyl)silane (48)
MeO Ssil OBn
A

OMe
To a solution of  5-bromo-1,2,3-trimethoxyphenol (494.1 mg, 2 mmol) and
1-(benzyloxy)-3-bromobenzene (44b) (526.3 mg, 2 mmol) in dry THF (15 mL) was added n-butyl
lithium in n-hexane (2.65 M, 1.51 mL, 4 mmol) under an Ar atmosphere at -78 °C. This was stirred at the
same temperature for 1 h, and then dichlorodimethylsilane (0.27 mL, 2.2 mmol) was added. The mixture
was stirred at -78 °C for 2 h, and at room temperature for 3 h. The reaction was quenched with NH,ClI aq.,
and the whole was extracted with ethyl acetate. The extract was successively washed with water and brine,
and then dried over MgSO,. The solvent was evaporated, and the residue was purified by means of silica
gel column chromatography (hexane/ethyl acetate = 9/1) to give 48 (327.5 mg, 40%) as a colorless oil.
'H-NMR (500 MHz, CDCl,) : § 7.42-7.29 (m, 6H), 7.14-7.11 (m, 2H), 7.00-6.97 (m, 1H), 6.70 (s, 2H),
5.04 (s, 2H), 3.86 (s, 3H), 3.83 (s, 6H), 0.53 (s, 6H). *C-NMR (500 MHz, CDCl;) : & 158.35, 153.10,
140.00, 139.27, 137.08, 133.06, 129.19, 128.68, 128.08, 127.67, 126.74, 120.86, 115.24, 110.96, 70.00,
60.87,56.26, -2.14. HRMS (FAB™") m/z : calcd for C,,H,50,Si 408.1757, found 408.1762 (M™).

4-(Dimethyl(3,4,5-trimethoxyphenyl)silyl)phenol (49)

The title compound was prepared according to the procedure described for 41, starting from compound 51.
Yield : 33%. White solid. mp : 97-99 °C.'H-NMR (500 MHz, CDCl,) : & 7.39 (d, 2H, J = 8.6 Hz), 6.84
(d, 2H, J = 8.6 Hz), 6.70 (s, 2H), 5.38 (brs, 1H), 3.86 (s, 3H), 3.83 (s, 6H), 0.51 (s, 6H). *C-NMR (500
MHz, CDCL,) : 6 156.87, 153.01, 139.03, 13591, 133.88, 128.90, 115.16, 110.96, 60.89, 56.25, -1.91.

HRMS (FAB*) m/z : calcd for C,;H,;0,Si 319.1366, found 319.1373 (M+H").
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(4-Methoxyphenyl)dimethyl(3,4,5-trimethoxyphenyl)silane (50)

The title compound was prepared according to the procedure described for 48, starting from
4-bromoanisole. Yield : 12%. Colorless oil. 'H-NMR (500 MHz, CDCL,) : & 7.45 (dd, 1H, J = 6.6, 2.0
Hz), 691 (dd, 1H, J = 6.6, 2.0 Hz), 6.70 (s, 2H), 3.86 (s, 3H), 3.83 (s, 6H), 3.82 (s, 6H), 0.52 (s, 6H).
BC-NMR (500 MHz, CDCl,) : & 160.64, 153.06, 139.16, 135.70, 133.73, 128.93, 113.71, 110.93, 60.84,
56.25,55.12,-1.91. HRMS (FAB*) m/z : caled for CgH,50,Si 333.1522, found 333.1522 (M+H").

(4-(Benzyloxy)phenyl)dimethyl(3,4,5-trimethoxyphenyl)silane (51)

The title compound was prepared according to the procedure described for 48, starting from
1-(benzyloxy)-4-bromobenzene. Yield : 42%. Colorless oil. 'H-NMR (500 MHz, CDCL,) : & 7.46-7.24 (m,
1H), 6.99 (d, 2H, J = 8.6 Hz), 6.70 (s, 2H), 5.07 (s, 2H), 3.86 (s, 3H), 3.83 (s, 6H), 0.52 (s, 6H). "C-NMR
(500 MHz, CDCly) : & 159.87, 153.07, 137.02, 135.74, 133.70, 129.30, 128.70, 128.09, 127.58, 114.60,
110.92, 105.30, 69.85, 60.87, 56.25, 56.17, -1.90. HRMS (FAB*) m/z : caled for C,,H,50,Si 408.1757,
found 408.1765 (M,).

Benzo[d][1,3]dioxol-5-yldimethyl(3.4,5-trimethoxyphenyl)silane (52)

The title compound was prepared according to the procedure described for 48, starting from
5-bromobenzo[d][1,3]dioxole. Yield : 36%. White solid. mp : 75-76 °C. '"H-NMR (500 MHz, CDCL,) : §
7.00 (dd, 2H,J =17.6, 1.1 Hz), 6.96 (d, 1H, J = 1.1 Hz), 6.85 (d, 1H, J = 7.6 Hz), 5.94 (s, 2H), 3.86 (s,
3H), 3.84 (s, 6H), 0.51 (s, 6H). "C-NMR (500 MHz, CDCl,) : § 153.10, 148.64, 147.50, 139.27, 133.33,
131.18, 128.31, 113.52, 11091, 108.71, 100.67, 60.87, 56.27, -1.92. HRMS (FAB*) m/z : calcd for

C,sH,,0Si 347.1315, found 333.1524 (M+H").
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(3,4-Dimethoxyphenyl)dimethyl(3,4,5-trimethoxyphenyl)silane (53)

MeO Ssi i(:[onne
MeO ; OMe
OMe
Methyl iodide (21 uL, excess) was added to a mixture of

5-(dimethyl(3 4 ,5-trimethoxyphenyl)silyl)-2-methoxyphenol (41) (30 mg, 0.086 mmol), potassium
carbonate (11.9 mg, 0.172 mmol) and acetone (2 mL) at room temperature. The mixture was stirred under
reflux for 11 h and at room temperature for 12 h. The reaction mixture was filtered and the solvent was
evaporated. The residue was purified by PTLC (hexane/ethyl acetate = 4/1) to give 53 (79.1 mg, 41%) as
a white solid. mp : 73-74 °C. '"H-NMR (500 MHz, CDCl,) : & 7.10 (dd, 1H, J = 8.0, 1.1 Hz), 7.00 (d, 1H,
J=1.1Hz),691 (d, 1H, J = 8.0 Hz), 6.71 (s, 2H), 3.89 (s, 3H), 3.86 (s, 6H), 3.84 (s, 6H), 0.53 (s, 6H).
C-NMR (500 MHz, CDCl5) : 6 153.08, 150.19, 148.66, 139.20, 133.58, 129.35, 127.60, 116.51, 111.08,
110.94, 60.87, 56.26, 55.98, 55.80, -1.83. HRMS (FAB*) m/z : calcd for C,H,cOsSi 362.1550, found
362.1540 (M").

4-(Dimethyl(3,4,5-trimethoxyphenyl)silyl)-2-methoxyphenol (55)

The title compound was prepared according to the procedure described for 41, starting from compound 56.
Yield : 74%. White solid. mp : 123-125 °C. IH-NMR (500 MHz, CDCL;) : 6 7.06 (dd, I1H,J =77, 1.4
Hz), 6.94-6.96 (m, 2H), 6.70 (s, 2H), 5.73 (s, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 3.84 (s, 6H), 0.52 (s, 6H).
C-NMR (500 MHz, CDCl,) : § 152.97, 146.83, 146.33, 139.09, 133.56, 128.69, 127.96, 115.72, 114.40,
110.84, 60.78, 56.16, 55.88, -1.90. HRMS (FAB™) m/z : calcd for C,gH,,0,Si 348.1393, found 348.1411

(M").

(4-(Benzyloxy)-3-methoxyphenyl)dimethyl(3,4,5-trimethoxyphenyl)silane (56)

The title compound was prepared according to the procedure described for 48, starting from compound
44f. Yield : 12%. Colorless oil. 'H-NMR (500 MHz, CDCl) : & 7.44 (d,2H,J = 7.4 Hz),7.36 (td, 2H, J =
6.6, 1.7 Hz), 7.28-7.31 (m, 1H), 7.01-7.03 (m, 2H), 6.91 (d, 1H, J = 8.0 Hz), 6.69 (s, 2H), 5.17 (s, 2H),
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3.87 (s, 3H), 3.86 (s, 3H), 3.83 (s, 6H), 0.52 (s, 6H). *C-NMR (500 MHz, CDCL,) : § 152.95, 149.30,
149.11, 137.07, 133.45, 129.82, 128.54, 12781, 127.42, 127.17, 117.13, 113.43, 110.80, 70.67, 60.77,
56.13,56.08,30.93, -1.98. HRMS (FAB*) m/z : calcd for CpsH,,0,Si 438.1863, found 438.1867 (M*).

(3-(Benzyloxy)-4-methoxyphenyl)dimethyl(2,3 ,4-trimethoxyphenyl)silane (58a)

\SiC[OBn
MeO ; OMe OMe
OMe
The title compound was prepared according to the procedure described for 48, starting from compound

57a. Colorless oil (crude). This was used in the next step without further purification.

(3-(Benzyloxy)-4-methoxyphenyl)(7-methoxybenzo[d][1,3]dioxol-5-yl)-dimethylsilane (58b)

The title compound was prepared according to the procedure described for 48, starting from compound

57b. Colorless oil (crude). This was used in the next step without further purification.

Bis(3-(benzyloxy)-4-methoxyphenyl)dimethylsilane (58c)

The title compound was prepared according to the procedure described for 48, starting from compound
57c. Yield : 39%. White solid. mp : 82-84 °C. '"H-NMR (500 MHz, CDCl;) : § 7.39 (d, 4H, J = 6.9 Hz),
7.33(t,4H,J=74Hz),7.28 (d,2H,J =74 Hz),7.01 (dd, 2H,J=8.0, 1.1 Hz),6.95 (d, 2H, J = 1.7 Hz),
6.88 (d, 2H, J = 7.4 Hz), 5.08 (s, 4H), 3.89 (s, 6H), 0.39 (s, 6H). *C-NMR (500 MHz, CDCl,) : & 150.65,
147.59, 137.24, 129.63, 128.45, 127.81, 127.74, 127.45, 119.69, 111.48, 71.10, 55.79, -2.13. HRMS
(FAB*) m/z : calcd for C;,H;,0,Si 484.2070, found 484.2034 (M™).
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5-(Dimethyl(2,3,4-trimethoxyphenyl)silyl)-2-methoxyphenol (59)

>sil_aOH
MeO /@OMJ Z OMe
OMe

The title compound was prepared according to the procedure described for 41, starting from compound
58a. Yield : 4.8% (2 stepss). Colorless oil. 'H-NMR (500 MHz, CDCL;) :  7.09 (d, 1H, J = 1.1 Hz), 7.02
(dd, 1H,J = 8.0, 1.7 Hz), 6.96 (d, 1H, J = 8.0 Hz), 6.86 (s, 1H), 6.63 (s, 1H), 5.54 (s, 1H), 3.89 (s, 3H),
3.85 (s, 3H), 3.83 (s, 3H), 3.69 (s, 3H), 0.51 (s, 6H). "C-NMR (500 MHz, CDCl,) : 6 158.42, 155.39,
147.15, 14498, 141.37, 131.59, 130.23, 126.35, 123.15, 119.87, 110.23, 107.13, 60.47, 60.36, 55.89,
55.71,-1.78. HRMS (FAB™) m/z : caled for CgH,,0,Si 348.1393, found 348.1411 (M").

5-((3,4-Dimethoxyphenyl)dimethylsilyl)-2-methoxyphenol (60)

The title compound was prepared according to the procedure described for 47, starting from compound 62.
Yield : 15%. Colorless oil. 'H-NMR (500 MHz, CDCl,) : & 7.07-7.09 (m, 2H), 6.99-7.00 (m, 2H),
6.85-6.89 (m, 2H), 5.56 (s, 1H), 3.89 (s, 3H), 3.88 (s, 3H), 3.86 (s, 3H), 0.50 (s, 6H). *C-NMR (500 MHz,
CDCly) : 6 14995, 148.51, 147.37, 145.15, 130.80, 129.68, 127.40, 126.41, 119.80, 116.39, 110.93,
110.37, 55.83, 55.73, 55.67, -2.08. HRMS (FAB™) m/z : calcd for C;H,,0,Si 318.1287, found 318.1288

(M").

2-Methoxy-5-((7-methoxybenzo[d][1,3]dioxol-5-yl)dimethylsilyl)phenol (61)

Na.”

<o Si | N OH
o Zome
OMe

The title compound was prepared according to the procedure described for 41, starting from compound
58b. Yield : 8.4% (2 steps). Colorless oil. 'H-NMR (500 MHz, CDCl,): 8 7.06 (d, 1H, J = 1.7 Hz), 6.99
(dd, 1H,J = 1.7, 8.0 Hz), 6.86 (d, 1H, J = 8.0 Hz), 6.66 (s, 1H), 6.65 (s, 1H), 5.95 (s, 2H), 5.56 (s, 1H),
3.890 (s, 3H), 3.886 (s, 3H), 0.48 (s, 6H). "C-NMR (500 MHz, CDCly) : & 148.78, 147.46, 145.18,
143.72, 136.19, 132.21, 130.36, 126.39, 119.76, 113.48, 110.39, 107.44, 101.13, 56.66, 55.74, -2.11.
HRMS (FAB*) m/z : calcd for C,;H,,05Si 332.1080, found 332.1076 (M").
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5,5'-(Dimethylsilanediyl)bis(2-methoxyphenol) (62)

HO sil ~-OH
MeOD/ | Zome
The title compound was prepared according to the procedure described for 41, starting from compound
58c. Yield : 86%. White solid. mp : 130-133 °C. 'H-NMR (500 MHz, CDCl,): & 7.06 (d,2H, J = 1.7 Hz),
6.99 (dd, 2H,J =1.7,8.0 Hz), 6.85 (d, 2H, J = 7.4 Hz), 5.54 (s, 2H), 3.88 (s, 6H), 0.48 (s, 6H). "C-NMR

(500 MHz, CDCl,): & 147.36, 145.12, 130.74, 126 42, 119.82, 110.37, 55.75, -2.21. HRMS (FAB*) m/z :
calcd for C,4H,,0,Si 304.1131, found 304.1155 (M*).

(3-(Benzyloxy)-4-methoxyphenyl)diethyl(3,4,5-trimethoxyphenyl)silane (64a)

MeO LSi 0Bn
A CL,
OMe

The title compound was prepared according to the procedure described for 45, starting from
dichlorodiethylsilane. Yield : 32.6%. White solid. mp : 61-62 °C. '"H-NMR (500 MHz, CDCl,) : 6 7.38 (d,
2H, J =8.6 Hz), 7.33-7.30 (m, 2H), 7.27-7.25 (m, 1H), 7.07 (dd, 1H, /= 8.0, 1.1 Hz),6.98 (d, 1H, /= 1.1
Hz),6.92 (d, 1H, J = 8.0 Hz), 6.63 (s, 2H), 5.11 (s, 2H), 3.90 (s, 3H), 3.88 (s, 3H), 3.80 (s, 6H), 0.99-0.94
(m, 10H). "C-NMR (500 MHz, CDCl,) : & 152.97, 150.83, 147.61, 139.12, 137.34, 131.43, 128.77,
128.56, 127.86, 127.40, 127.21, 120.60, 111.54, 71.24, 60.87, 56.22, 58.84, 7.54, 431. HRMS (FAB")
m/z : caled for C,,H;,0,Si 466.2176, found 466.2184 (M™).

1-(3-(Benzyloxy)-4-methoxyphenyl)-1-(3,4,5-trimethoxyphenyl)siletane (64b)

MeO (s> 0Bn
I L,
OMe

The title compound was prepared according to the procedure described for 45, starting from
1,1-dichlorosilacyclobutane. Yield : 10%. White solid. mp : 95-97 °C. 'H-NMR (500 MHz, CDCL,) : &
7.39-7.37 (m, 2H), 7.35-7.32 (m, 2H), 7.29-7.25 (m, 1H), 7.20 (dd, 1H,J=8.0, 1.1 Hz), 7.10 (d, 1H, J =
1.1 Hz), 796 (d, 1H, J = 8.0Hz), 6.77 (s, 2H), 5.13 (s, 2H), 3.91 (s, 3H), 3.90 (s, 3H), 3.83 (s, 6H),
2.22-2.19 (m, 2H), 1.45-1.40 (m, 4H). *C-NMR (500 MHz, CDCL,) : 6 153.22, 151.34, 147.92, 129.58,
137.20, 131.50, 128.59, 127.93, 127.56, 12747, 119.89, 111.71, 111.10, 71.24, 6091, 56.27, 55.93,
18.24, 14.42. HRMS (FAB") m/z : calcd for C,¢H;,05Si 450.1863, found 450.1863 (M*).
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5-(Diethyl(3,4,5-trimethoxyphenyl)silyl)-2-methoxyphenol (65)

MeO I\SiJ OH
I L,

OMe
The title compound was prepared according to the procedure described for 41, starting from compound
64a. Yield : 94%. White solid. mp : 62-63 °C. '"H-NMR (500 MHz, CDCl,) :  7.07 (d, 1H, J = 1.1 Hz),
6.99 (dd, 1H,J = 8.0, 1.1 Hz), 6.87 (d, 1H, J = 8.0 Hz), 6.69 (s, 2H), 5.57 (s, 2H), 3.90 (s, 3H), 3.87 (s,
3H), 3.83 (s, 6H), 1.05-0.99 (m, 10H). *C-NMR (500 MHz, CDCl5) : § 152.98, 147.53, 145.25, 139.14,

131.48, 128.34, 127.34, 120.54, 111.60, 110.43, 60.87, 56.24, 55.80, 7.56, 4.23. HRMS (FAB*) m/z :

caled for CH,,05Si 377.1784, found 377.1777 (M+H?).

5-(Ethoxy(propyl)(3,4,5-trimethoxyphenyl)silyl)-2-methoxyphenol (66)

15

MeO SiJ OH

Meoj©/ \©:0Me

OMe

To a mixture of 1-(3-(benzyloxy)-4-methoxyphenyl)-1-(3.,4,5-trimethoxyphenyl)siletane (64b) (79.7 mg,
0.18 mmol), EtOH (5 mL) and ethyl acetate (1 mL) was added 5% Pd/C (14.5 mg) at room temperature,
and the whole was stirred under an H, atmosphere at the same temperature for 14 h. The reaction mixture
was filtered through a Celite pad and the solvent was evaporated. The residue was purified by means of
silica gel column chromatography (hexane/ethyl acetate = 4/1) and PTLC (hexane/ethyl acetate = 4/1) to
give 66 (21.8 mg, 30%) as a colorless oil. 'H-NMR (500 MHz, CDCl;) : § 7.14 (d, 1H,J = 1.1 Hz), 7.08
(dd, 1H,J =8.0, 1.1 Hz), 6.89 (d, 1H, J = 8.0 Hz), 6.78 (s, 2H), 5.60 (s, 2H), 3.90 (s, 3H), 3.87 (s, 3H),
3.84 (s, 6H),3.75 (q,2H,J =7.0 Hz), 1.48-1.43 (m, 2H), 1.21 (t,3H,J = 7.0 Hz), 1.11-1.07 (m, 2H), 0.98
(t, 3H, J = 7.4 Hz). "C-NMR (500 MHz, CDCl;) : § 153.04, 148.04, 145.29, 139.58, 130.70, 127.58,

127.33, 120.35, 111.31, 11043, 60.86, 59.28, 56.24, 55.82, 18.54, 18.34, 16.85, 16.74. HRMS (FAB")

m/z : caled for C,;H;,04Si 407.890, found 407.1895 (M+H™).
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2-Methoxy-5-(1-(3,4,5-trimethoxyphenyl)siletan-1-yl)phenol (67)

MeO (S> OH
Meoj©/ \@[OMe

OMe
To a mixture of 1-(3-(benzyloxy)-4-methoxyphenyl)-1-(3.4,5-trimethoxyphenyl)siletane (64b) (201.9 mg,
0.45 mmol) and ethyl acetate (5 mL) was added 5% Pd/C (20 mg) at room temperature, and the whole
was stirred under an H, atmosphere at the same temperature for 13 h. The reaction mixture was filtered
through a Celite pad and the solvent was evaporated. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate = 9/1 to 4/1) to give 67 (48.5 mg, 30%) as a colorless oil. 'H-NMR
(500 MHz, CDCl) : 6 7.19 (d, 1H,J = 1.1 Hz), 7.11 (dd, 1H, J = 8.0, 1.1 Hz), 6.92 (d, IH, J = 8.0 Hz),
6.82 (s, 2H), 5.66 (brs, 1H), 391 (s, 3H), 3.89 (s, 3H), 3.86 (s, 6H), 2.26-2.22 (m, 2H), 1.47 (t,4H, J =
8.3 Hz). "C-NMR (500 MHz, CDCl;) : § 153.23, 148.08, 145.49, 139.58, 131.60, 128.60, 127.11, 120.20,
111.15, 110.63, 60.90, 56.29, 55.89, 18.25, 14.34. HRMS (FAB") m/z : calcd for C,4H,,05Si 360.1393,
found 360.1394 (M*).

(4-Methoxy-3-(methoxymethoxy)phenyl)(methyl)(3,4,5-trimethoxyphenyl)-silane (68)
MeO Ssic! oMoM
W7 L

OMe
To a solution of 4-bromo-2-(methoxymethoxy)phenol (44g) (494.18 mg, 2 mmol) and
5-bromo-1,2 3-trimethoxyphenol (494.1 mg, 2 mmol) in dry THF (15 mL) was added n-butyl lithium in
n-hexane (1.76 M, 2.5 mL, 4 mmol) under an Ar atmosphere at -78 °C. This was stirred at same
temperature for 1.5 h, and then methyldichlorosilane (0.23 mL, 2.2 mmol) was added. Stirring was
continued at -78 °C for 2 h and at room temperature for 13.5 h. The reaction was quenched with NH,CI
aq., and the whole was extracted with ethyl acetate. The extract was successively washed with water and
brine, and then dried over MgSO,. The solvent was evaporated, and the residue was purified by means of
silica gel column chromatography (hexane/ethyl acetate = 9/1 to 4/1) to give crude (68) (426.7 mg) as a

colorless oil, which was used in the next step without further purification.
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2-Methoxy-5-(methyl(3,4,5-trimethoxyphenyl)silyl)phenol (69)
MeO Seich OH
AT CL,

OMe
To a solution of crude (4-methoxy-3-(methoxymethoxy)phenyl)(methyl)(3,4,5-trimethoxy- phenyl)-silane
(68) (31 mg) in MeOH (1 mL) was added one drop of conc. HCI aq. at room temperature. The mixture
was stirred at room temperature for 1 h and then evaporated, and the residue was purified by PTLC
(hexane/ethyl acetate = 3/1) to give 69 (8.8 mg, 18% (2 steps)) as a colorless oil. 'H-NMR (500 MHz,
CDCly) : 8 7.10 (d, 1H,J = 1.1 Hz), 7.05 (dd, 1H,J = 8.0, 1.1 Hz), 6.89 (d, I1H, J = 8.0 Hz), 6.75 (s, 2H),
5.60 (s, 1H), 4.87 (q, 1H, J = 3.6 Hz), 3.90 (s, 3H), 3.86 (s, 3H), 3.85 (s, 3H), 0.59 (d, 3H, J = 3.6 Hz).
BC-NMR (500 MHz, CDCl5) : 6 153.21, 147.94, 145.45, 139.45, 130.62, 127.42, 127.32, 120.36, 110.64,
11041, 60.89, 56.25, 55.88, -4.51. HRMS (FAB") m/z : calcd for C;H,;05Si 335.1315, found 335.1306

(M+H").

2-Methoxy-5-(3,4,5-trimethoxybenzoyl)phenyl 2-chloroacetate (71)
(0]
o Y e
MeO I I [0}
MeO OMe
OMe
The title compound was prepared according to the reported method®. Yield : 72%. White solid. mp :
149-151 °C (lit. 149-151 °C). 'H-NMR (500 MHz, CDCl;) : § 7.79 (dd, 1H,J = 8.6,2.3 Hz),7.62 (d, 1H,
J=23Hz),7.07 (d, 1H, J = 8.6 Hz), 7.03 (s, 2H), 4.36 (s, 2H), 3.94 (s, 3H), 3.93 (s, 3H), 3.89 (s, 6H).

C-NMR (500 MHz, CDCl,) : 8 193.67, 165.49, 154.53, 153.00, 141.88, 138.82, 132.75, 130.47, 130.33,
124.93,111.79,107.49,61.07,56.42,56.31,40.61. MS (FAB*) m/z : 395 (M+H").

2-Methoxy-5-(1-(3,4,5-trimethoxyphenyl)vinyl)phenol (72)
MeO ! ! OH
MeO OMe
OMe
To a solution of 2-methoxy-5-(3.4,5-trimethoxybenzoyl)phenyl 2-chloroacetate (71) (197.4 mg, 0.5
mmol) in dry toluene (2 mL) was added a solution of trimethylaluminium in toluene (1.8 M, 0.56 mL)

under an Ar atmosphere at 0 °C. The mixture was stirred at room temperature for 6 h and at 100 °C for 3

h, and then poured into ice water. The whole was extracted with ethyl acetate. The extract was
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successively washed with water and brine, and then dried over MgSO,. The solvent was evaporated, and
the residue was purified by means of silica gel column chromatography (hexane/ethyl acetate = 10/1 to
0/1) to give 72 (17.5 mg, 11%) as a colorless oil. 'H-NMR (500 MHz, CDCL,) : 8 6.97 (d, 1H,J = 1.7 Hz),
6.85 (dd, 1H, J = 8.6, 1.7 Hz), 6.81 (d, 1H, J = 8.6 Hz), 6.55 (s, 2H), 5.60 (s, 1H), 538 (d, IH,J = 1.1
Hz), 5.31 (d, 1H, J = 1.1 Hz), 3.91 (s, 3H), 3.87 (s, 3H) , 3.81 (s, 6H). >*C-NMR (500 MHz, CDCl,) : &
152.90, 149.63, 146.50, 145.28, 137.79, 137.53, 134.78, 120.27, 114.55, 112.96, 110.23, 105.80, 61.01,

56.22,56.06. MS (FAB*) m/z : 317 (M+H").

2-Methoxy-5-(1-(3,4,5-trimethoxyphenyl)ethyl)phenol (73)

MeO H OH
L L
OMe

To a solution of 2-methoxy-5-(1-(3.,4,5-trimethoxyphenyl)vinyl)phenol (72) (17.5 mg, 0.043 mmol) in
EtOH (2 mL) was added 5% Pd/C (14.5 mg) at room temperature, and the mixture was stirred under an
H, atmosphere at the same temperature for 13 h. The reaction mixture was filtered through a Celite pad
and the solvent was evaporated. The residue was purified by PTLC (hexane/ethyl acetate = 2/1) to give 73
(11.7 mg, 83%) as a colorless oil. 'H-NMR (500 MHz, CDCL,) : 6 6.81 (d, 1H,J =2.3 Hz),6.78 (d, 1H, J
=8.6 Hz), 6.71 (dd, 1H, J = 8.6,2.3 Hz), 6.43 (s, 2H), 5.58 (s, 1H), 3.99 (q, 1H, J = 7.2 Hz), 3.86 (s, 3H),
3.82 (s, 9H), 1.58 (d, 3H, J = 7.2 Hz). "C-NMR (500 MHz, CDCl,) : 6 153.12, 145.47, 144.94, 14234,

139.79, 136.26, 118.86, 113.84, 110.56, 104.63, 60.91, 56.15, 56.05, 44.54, 22.14. MS (FAB*) m/z : 319

(M+H").
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BIE HEIM

7-octyn-1-ol (84)

\/\/\/\
OH

To ethylene diamine (15mL) was added sodium hydride (2.00 g, 50.0 mmol) at 0 °C, and stirred at r.t.
for 1 h. Then, stirring was continued at 65 °C for 1 h. The mixture was then cooled to 45 °C before
addition of 3-octyn-1-o0l (83) (1.43 mL, 10.0 mmol) dropwise over 2 min, and stirred at 65 °C for 1 day.
The reaction was quenched with 2M HCI aq., and the whole was extracted with ethyl acetate. The extract
was successively washed with water and brine, and then dried over Na,SO,. The solvent was evaporated,
and the residue was purified by means of silica gel column chromatography (hexane/ethyl acetate = 4/1 to
1/1) to give 84 (906 mg, 72%) as a colorless oil.'H-NMR (500 MHz, CDCL,) : 8 3.59 (2H,t,J = 6.3 Hz),
2.14 (2H,td,J = 7.0,2.7 Hz), 1.89 (1H, t, J = 2.7 Hz), 1.55-1.46 (4H, m), 1.41-1.29 (4H, m). "C-NMR
(500 MHz, CDCl;) : 0 84.57, 68.18, 62.86, 32.56, 28.44, 28.35, 25.20, 18.29. MS (FAB+) m/z : not

detected.

1-methoxy-4-((oct-7-yn-1-yloxy)methyl)benzene (85)
H

\/\/\/\
OPMB

To a solution of 7-octyn-1-ol (84) (792 mg, 6.28 mmol) in dichrolomethane (3 mL) was added a solution
of 4-methoxybenzyl trichloroacetimidate (1.30 mL, 6.28 mmol) in dichrolomethane (3 mL) at r.t.. Then, a
solution of (D)-camphorsulfonic acid (333 mg, 0.63 mmol) in dichrolomethane (3 mL) was added
dropwise. The reaction mixture was stirred at r.t. for 19 h, and quenched with saturated aqueous sodium
bicarbonate solution, and the whole was extracted with ethyl acetate. The extract was successively
washed with water and brine, and then dried over Na,SO,. The solvent was evaporated, and the residue
was purified by means of silica gel column chromatography (hexane/ethyl acetate = 10/1 to 4/1) to give
85 (520 mg, 34%) as an yellow oil. 'H-NMR (500 MHz, CDCl;) :  7.27 (2H,d, J = 4.0 Hz), 6.88 (2H, d,
J=4.0Hz),443 (2H,s),3.80 (3H,s),3.44 (2H, t,J =69 Hz),2.18 (2H, td, /= 7.0,2.8 Hz), 1.93 (1H, t,
J=2.6Hz),1.61 (2H, m), 1.52 (2H, m), 1.39 (4H, m). *C-NMR (500 MHz, CDCL,) : & 159.07, 130.72,
129.20, 113.71, 84.65, 72.50, 70.01, 68.11, 55.24, 29.60, 28.54, 28.39, 25.69, 18.32. MS (FAB+) m/z :

not detected.
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(8-((4-methoxybenzyl)oxy)oct-1-yn-1-yl)dimethyl(oct-1-yn-1-yl)silane (88a)

AN

N
Si
/

f

To a solution of 1-methoxy-4-((oct-7-yn-1-yloxy)methyl)benzene (85) (2.08 g, 8.44 mmol) and 1-octyne
(86) (1.24 mL, 8.44 mmol) in dry tetrahydrofuran (15 mL) was added n-butyl lithium in n-hexane (1.60
M, 132 mL, 21.1 mmol) under an Ar atmosphere at -78°C. The mixture was stirred at the same
temperature for 1 h, and then added to a solution of dichlorodimethylsilane (87a) (819 mL, 8.44 mmol) in
dry tetrahydrofuran (1.6 mL) at -78 °C. Stirring was continued at room temperature for 2.5 h. The
reaction was quenched with NH,CI aq., and the whole was extracted with ethyl acetate. The extract was
successively washed with water and brine, and then dried over Na,SO,. The solvent was evaporated to

give 88a (crude) as an yellow oil. This was used in the next step without further purification.

diethyl(8-((4-methoxybenzyl)oxy)oct-1-yn-1-yl)(oct-1-yn-1-yl)silane (88b)

OPMB
Et, /\/\/\/

Etﬁ\/\/\/

The title compound was prepared according to the procedure described for 88a, starting from compound
87b. Yield : 44%. Colorless oil. 'H-NMR (500 MHz, acetone-dy) : & 7.25 (2H, d, J = 8.9 Hz), 6.89 (2H, d,
J =89 Hz),4.40 (2H, s), 3.78 (3H, s), 3.43 (2H, t,J = 6.3 Hz), 223 (4H,t,J = 6.9 Hz), 1.58-1.29 (16H,
m), 1.02 (6H, t, J = 7.9 Hz), 0.89 (3H, t, J = 6.9 Hz) 0.62 (4H, q, J = 7.9 Hz). "C-NMR (500 MHz,
CDCly) : 6 129.84, 114.39, 72.88, 70.47, 55.48, 31.98, 30.44, 30.39, 30.24, 30.09, 29.94, 29.38, 29.23,

29.20,29.07,26.43,23.21,20.14, 20.10, 14.28,7.57,7.46. MS (FAB+) m/z : not detected.

(8-((4-methoxybenzyl)oxy)oct-1-yn-1-yl)(oct-1-yn-1-yl)dipropylsilane (88c)

OPMB
n-Pr\ /\/\/\/

Si

e \/\/\/

The title compound was prepared according to the procedure described for 88a, starting from compound

87c¢. Colorless oil (crude). This was used in the next step without further purification.

89



dibutyl(8-((4-methoxybenzyl)oxy)oct-1-yn-1-yl)(oct-1-yn-1-yl)silane (88d)

OPMB
n-Bu_ /\/\/\/

'Si
n-Bu \/\/\/
The title compound was prepared according to the procedure described for 88a, starting from compound

87d. Yellow oil (crude). This was used in the next step without further purification.

8-(dimethyl(octyl)silyl)octan-1-ol (89a)

\ /\/\/\/\/OH
Si

/ M

To a mixture of (8-((4-methoxybenzyl)oxy)oct-1-yn-1-yl)dimethyl(oct-1-yn-1-yl) silane (88a) (134 mg,
0.325 mmol) and ethanol (10 mL) was added 5% Pd/C (13.4 mg) at room temperature, and the mixture
was stirred under an H, atmosphere at the same temperature for 12 h. The reaction mixture was filtered
through a Celite pad and the solvent was evaporated. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate = 10/1) to give 89a (49.4 mg, 1.4%, 2 step) as a colorless oil.
'H-NMR (500 MHz, acetone-dy) : & 3.52 (2H, q,J = 5.7 Hz), 3.37 (1H, t,J = 5.7 Hz), 1.52-1.47 (2H, m),
1.36-1.29 (20H, m), 0.88 (3H, t,J = 6.9 Hz), 0.52 (4H, t, J = 7.7 Hz), -0.04 (6H, s). "C-NMR (500 MHz,
CDCly) : & 62.48,34.43, 33.82, 30.23, 30.12, 27.32, 26.88, 26.73, 24.60, 15.84, 15.57, 14.07, -3.22. MS

(FAB+) m/z : not detected.

8-(diethyl(octyl)silyl)octan-1-ol (89b)

Et /\/\/\/\/OH
\
Si

Et/ \/\/\/\l

The title compound was prepared according to the procedure described for 89a, starting from compound
88b. Yield : 42%. Colorless oil. 'H-NMR (500 MHz, CDCl,) : & 3.64 (2H, t, J = 6.6 Hz), 1.59-1.54 (2H,
m), 1.40-1.26 (26H, m), 0.93-0.87 (7H, m), 0.51-0.49 (6H, m). *C-NMR (500 MHz, acetone-d,) : & 62.49,
34.62, 33.83, 30.39, 30.24, 30.09, 29.94, 26.74, 24.58, 24.57, 23.34, 14.36, 12.30, 12.28, 7.80, 4.32. MS

(FAB+) m/z : not detected.
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8-(octyldipropylsilyl)octan-1-ol (89c)

n-pr, /\/\/\/\/OH
Si

n-pr’ \M

The title compound was prepared according to the procedure described for 89a, starting from compound
88c. Yield : 44% (2 step). Colorless oil. 'H-NMR (500 MHz, CDCl;) : § 3.64 (2H, t, J = 6.6 Hz),
1.60-1.54 (2H, m), 1.42-1.26 (26H, m), 0.96-0.87 (9H, m), 0.50-0.45 (8H, m). "C-NMR (500 MHz,
CDCly) : 8 63.10, 33.96, 33.87, 32.80, 31.95, 29.38, 29.29, 29.26, 25.76, 2391, 22.69, 18.68, 17.50,
15.33,14.12, 12.56, 12.54. MS (FAB+) m/z : not detected.

8-(dibutyl(octyl)silyl)octan-1-ol (89d)

n-Bu\ /\/\/\/\/OH
Si

n-Bu \M

The title compound was prepared according to the procedure described for 89a, starting from compound
88d. Yield : 6.8% (2 step). Colorless oil.'H-NMR (500 MHz, acetone-d,) : & 3.52 (2H, q, J = 5.8 Hz),
338 (1H, t, J = 5.8 Hz), 1.50-1.47 (2H, m), 1.33-1.29 (30H, m), 0.90-0.87 (9H, m), 0.56-0.53 (8H, m).
C-NMR (500 MHz, acetone-dy) : & 62.49, 34.60, 34.57, 33.83, 32.66, 30.24, 30.09, 30.06, 29.95, 27 .51,

26.96,26.74,24.62,24.59,23.34,14.36, 14.05, 13.09, 13.06, 12.84. MS (FAB+) m/z : not detected.

8-(dimethyl(octyl)silyl)octanoic acid (90a)

To a mixture of 8-(dimethyl(octyl)silyl)octan-1-ol (89a) (49.4 mg, 0.164 mmol) and dichloromethane
(2 mL) was Dess-Martin Periodinane (DMP) (76.7 mg, 0.180 mmol), and stirred at the room for 20 h.
The reaction was quenched with sat. NaHCO; aq., and the whole was extracted with ethyl acetate. The
extract was successively washed with water and brine, and then dried over Na,SO,. The solvent was
evaporated, and the residue was purified by means of silica gel column chromatography (hexane/ethyl
acetate = 10/1 to 4/1) to give 90a (29.3 mg, 56%) as a colorless oil.'H-NMR (500 MHz, acetone-d,) : &
1042 (1H, br), 2.28 (2H, t,J = 7.4 Hz), 1.62-1.56 (2H, m), 1.31 (20H, m), 0.88 (3H, t, J = 6.9 Hz), 0.52
(4H,t, J = 6.9 Hz), -0.04 (6H, s). "C-NMR (500 MHz, CDCl;) : 6 174.71, 34.44, 3429, 34.17, 32.66,
30.24, 30.01, 29.94, 29.76, 25.69, 24.59, 24.57, 23.33, 15.83, 14.36, -3.20. MS (FAB+) m/z : 315
(M+H").
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8-(diethyl(octyl)silyl)octanoic acid (90b)

The title compound was prepared according to the procedure described for 90a, starting from compound

89b. Colorless oil (crude). This was used in the next step without further purification.

8-(octyldipropylsilyl)octanoic acid (90c)

n-Pr\ OH
Si/\/\/\/\n/
npr’ M 0

The title compound was prepared according to the procedure described for 90a, starting from compound
89c¢. Yield : 70%. Colorless oil. 'H-NMR (500 MHz, CDCI,) : & 2.35 (2H,t,J = 7.4 Hz), 1.65-1.62 (2H,
m), 1.34-1.26 (24H, m), 0.96-0.87 (9H, m), 0.52-0.47 (8H, m). *C-NMR (500 MHz, CDCl,) : § 179.53,
33.94, 33.70, 31.95, 29.29, 29.02, 28.90, 24.70, 2391, 23.87, 22.69, 18.66, 17.49, 15.33, 14.11, 12.54.

MS (FAB+) m/z : not detected.

8-(dibutyl(octyl)silyl)octanoic acid (90d)

n-Bu_ OH

Si/\/\/\/\n/
n-Bu \M (o]
The title compound was prepared according to the procedure described for 90a, starting from compound
89d. Yield : 62%. Colorless oil. 'H-NMR (500 MHz, CDCl,) : & 2.35 (2H, t, J = 7.7 Hz), 1.66-1.60 (2H,
m), 1.33-1.22 (28H, m), 0.88 (9H, t, J = 7.2 Hz), 0.50-0.46 (8H, m)."*C-NMR (500 MHz, CDCl;) : §
179.28, 33.93, 33.52, 31.94, 29.29, 29.27, 28.75, 26.86, 26.19, 24.65, 23.89, 23.77, 22.69, 14.12, 13.80,

12.46,12.43,12.16. MS (FAB+) m/z : not detected.

8-(dimethyl(octyl)silyl)-N-(2-hydroxyethyl)octanamide (76)
H
\ /\/\/\/\“/N\/\OH
Si
/ M (o}
To a mixture of 8-(dimethyl(octyl)silyl)octanoic acid (90a) (4.7 mg, 14.9 nmol) and triethylamine
(4.15 mL, 29.8 nmol) in dichloromethane (0.5 mL) was added methyl chloromate (1.80 mL, 29.8 nmol) at

0 °C, and stirred at room temperature for 2 h. Then, ethanolamine was added with stirring at 0 °C, the

92



mixture was stirred at room temperature for 20 h. The reaction was quenched with sat. NH,Cl aq., and the
whole was extracted with ethyl acetate. The extract was successively washed with water and brine, and
then dried over Na,SO,. The solvent was evaporated, and the residue was purified by means of silica gel
column chromatography (hexane/ethyl acetate = 1/1) to give 76 (1.9 mg, 36%) as an yellow oil. 'H-NMR
(500 MHz, acetone-d,) : & 7.07 (1H, br), 3.90 (1H,t,J = 5.6 Hz), 3.55 (2H, q,J = 5.6 Hz),3.27 2H, q, J
=5.5Hz),2.16 2H,t,J =74 Hz), 1.61-1.55 (2H, m), 1.30 (20H, m), 0.88 (3H, t,J = 6.9 Hz), 0.52 (4H, t,
J = 8.0 Hz), -0.04 (6H, s). HRMS (FAB+) m/z : calcd for C,,H,;0,NSi 357.3063, found 358.3061

(M+H").

8-(diethyl(octyl)silyl)-N-(2-hydroxyethyl)octanamide (77)

ERS i/\/\/\/\n/n\/\OH
Et’ M o

The title compound was prepared according to the procedure described for 76, starting from compound
90b. Yield : 34% (2 step). Colorless oil. 'H-NMR (500 MHz, acetone-d,) :  7.08 (1H, br), 3.90 (1H, t, J
=5.5Hz),355(2H,q,J=55Hz),327 (2H,q,J=5.7Hz),2.16 2H,t,J =74 Hz), 1.61-1.55 (2H, m),
1.31 (24H, m), 0.94 (4H, t,J = 7.7 Hz), 0.88 (3H, t, J = 6.9 Hz), 0.54 (6H, m). "C-NMR (500 MHz,
CDCly) : 0 173.75, 62.33, 42.96, 36.67, 34.63, 34.56, 32.66, 30.40, 30.25, 30.09, 29.94, 26.51, 24.58,
2334, 1437, 12.31, 12.29, 7.81, 4.32. HRMS (FAB+) m/z : calcd for C,,H,,O,NSi 385.3376, found

386.3422 (M+H").

N-(2-hydroxyethyl)-8-(octyldipropylsilyl)octanamide (78)

H
n-Pr, /\/\/\/\H/N\/\OH
Si
n-pr’ M o

The title compound was prepared according to the procedure described for 76, starting from compound
90c. Yield : 40%. Colorless oil. 'H-NMR (500 MHz, acetone-d,) : 6 3.54 (2H, q,J = 5.2 Hz), 3.27 (2H, t,
J=52Hz),2.16 2H,t,J =69 Hz), 1.59-1.57 (2H, m), 1.37-1.29 (24H, m), 0.97-0.94 (6H, m), 0.88 (3H,
t,J = 6.0 Hz),0.55-0.52 (8H, m). *C-NMR (500 MHz, acetone-dy) : & 173.66, 62.13,42.79,36.57, 34.58,
34.55, 32.62, 30.36, 30.21, 30.05, 29.90, 26 .47, 24.62, 24.58, 23.30, 18.93, 18.15, 15.95, 14.33, 13.15,

13.10. HRMS (FAB+) m/z : caled for C,HssO,NSi 414.3761, found 414.3762 (M+H").
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8-(dibutyl(octyl)silyl)-N-(2-hydroxyethyl)octanamide (79)

H
n-Bu N
N Wr \/\OH
Si
n-Bu’ \/\/\/\I o

The title compound was prepared according to the procedure described for 76, starting from compound
90d. Yield : 14%. Colorless oil.'H-NMR (500 MHz, acetone-d,) : & 7.06 (1H, br), 3.89 (1H, t, J = 5.5),
355(2H,q,J=55Hz),327 2H,q,J=5.5Hz),2.16 (2H, t,J =74 Hz), 1.58 (2H, m), 1.37-1.29 (28H,
m), 0.90-0.87 (9H, m), 0.56-0.53 (8H, m). *C-NMR (500 MHz, acetone-d,) : & 173.69, 62.31, 42.93,
36.63, 34.54, 32.61, 30.35, 30.21, 30.05, 29.91, 2747, 26 91, 26.46, 24.61, 24.55, 23.30, 14.33, 14.06,
14.01, 13.08, 13.01, 12.79. HRMS (FAB+) m/z : caled for C,Hs;0O,NSi 441.4002, found 442.4013

(M+H").

N-(2-hydroxyethyl)stearamide (75)

H
N
~"oH
)

The title compound was prepared according to the procedure described for 76, starting from compound 91.
Yield : 74%. Colorless oil. 'H-NMR (500 MHz, DMSO-d,) : 8 7.73 (1H, br), 3.35 (2H, m), 3.08 (2H, q, J
=59 Hz),2.18 (1H,t,J=7.6 Hz),2.03 (2H,t,J = 7.6 Hz), 1.46 (2H, m), 1.28-1.23 (28H, m), 0.85 (3H, t,

J=6.9Hz). MS (FAB+) m/z : 328 (M").

1-((hept-6-yn-1-yloxy)methyl)-4-methoxybenzene (93)

/\/\/\OPMB

H

The title compound was prepared according to the procedure described for 85, starting from compound 92.
Yield : 70%. Colorless oil.'H-NMR (500 MHz, CDCl,) : & 7.26 (2H, d, J = 5.7 Hz), 6.88 (2H,d,J =5.7
Hz),4.43 (2H,s),3.80 (3H, s), 3.44 (2H,t,J = 6.6 Hz),2.19 (2H, td, J=7.0,2.7 Hz), 1.93 (1H,t,J =2.7
Hz), 1.65-1.59 (2H, m), 1.56-1.51 (2H, m), 1.50-1.45 (4H, m). C-NMR (500 MHz, CDCl;) : § 159.09,
130.68, 129.21, 113.73, 84.54, 72.54, 69.89, 68.19, 55.26, 29.24, 28.30, 25.39, 18.36. MS (FAB+) m/z :

not detected.
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diethyl(7-((4-methoxybenzyl)oxy)hept-1-yn-1-yl)(oct-1-yn-1-yl)silane (94)

. /\/\/\OPMB
Si
Bt \/\/\/

The title compound was prepared according to the procedure described for 88a, starting from compound

86. Yellow oil (crude). This was used in the next step without further purification.

7-(diethyl(octyl)silyl)heptan-1-ol (95)

Et, /\/\/\/\OH
Si

Et’ \M

The title compound was prepared according to the procedure described for 89a, starting from compound
94. Yield : 14% (2 step). Colorless oil.'H-NMR (500 MHz, CDCL,) : & 3.64 (2H, t,J = 6.9 Hz), 1.59-1.55
(2H, m), 1.31-1.26 (20H, m), 0.93-0.86 (9H, m), 0.51-0.46 (8H, m). *C-NMR (500 MHz, CDCl;) : &
63.08, 33.94, 33.89, 32.83, 32.82, 31.95, 29.29, 29.12, 25.69, 23.85, 23.82, 22.68, 14.11, 11.71, 11.68,
7.50,3.71. MS (FAB+) m/z : not detected.

7-(diethyl(octyl)silyl)heptanoic acid (96)

o]

Et /\/\/\)J\
P OH

Si
Et’ \M
The title compound was prepared according to the procedure described for 90a, starting from compound
95. Yield : 50%. '"H-NMR (500 MHz, CDCl,) : & 2.35 (2H, t, J = 7.4 Hz), 1.66-1.60 (2H, m), 1.34-1.26
(18H, m), 0.95-0.87 (9H, m), 0.57-0.46 (8H, m). *C-NMR (500 MHz, CDCl,) : & 179.48, 33.96, 33.94,
33.50, 31.95, 29.30, 28.77, 24.64, 23.86, 23.71, 22.69, 14.12, 11.68, 7.51, 3.70. MS (FAB+) m/z : not

detected.

7-(diethyl(octyl)silyl)-N-(2-hydroxyethyl)heptanamide (97)
o)

Et\ /\/\/\)J\N /\/OH

Si H
El/ \/\/\/\l

The title compound was prepared according to the procedure described for 76, starting from compound 96.
Yield : 40%. Colorless oil. 'H-NMR (500 MHz, CDCI,) : 6 6.42 (1H, br), 3.74 (2H, t, J = 49 Hz),
344-343 (2H, m), 3.00 (1H, s), 2.25 (2H, t, J = 7.7 Hz), 1.65-1.62 (2H, m), 1.31-1.26 (18H, m),
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0.92-0.86 (9H, m), 0.51-0.44 (8H, m). *C-NMR (500 MHz, CDCl;) : § 175.11, 62.24, 42.70, 36.43,
33.93, 33.64, 31.93, 29.29, 28.98, 25.77, 23.84, 23.77, 22.67, 14.11, 11.72, 11.64, 7.50, 3.66. HRMS
(FAB+) m/z : caled for C,H,;0,NSi 372.3300, found 372.3292 (M+H").

diethyl(hept-1-yn-1-yl)(8-((4-methoxybenzyl)oxy)oct-1-yn-1-yl)silane (99)

OPMB
Et. /\/\/\/

Si
Et/ \/\/\
The title compound was prepared according to the procedure described for 88a, starting from compound

98. Yellow oil (crude). This was used in the next step without further purification.

8-(diethyl(heptyl)silyl)octan-1-o0l (100)

The title compound was prepared according to the procedure described for 89a, starting from compound
99. Yield : 15% (2 step). Colorless oil.'H-NMR (500 MHz, CDCl,) : & 3.64 (2H, t, J = 6.6 Hz), 1.60-1.54
(2H, m), 1.46-1.28 (24H, m), 0.93-0.87 (7H, m), 0.51-0.46 (6H, m). *C-NMR (500 MHz, CDCl,) : &
63.09, 33.92, 33.85, 32.80, 31.87, 29.38, 29.27, 29.02, 25.76, 25.73, 23.87, 23.84, 22.72, 14.12, 11.70,

7.51,3.72. MS (FAB+) m/z : not detected.

8-(diethyl(heptyl)silyl)octanoic acid (101)
Et\ OH

Si/\/\/\/\n/
Et/ NN O
The title compound was prepared according to the procedure described for 90a, starting from compound
95. Yield : 19%. Colorless oil. 'H-NMR (500 MHz, CDCl;) : & 2.35 (2H, t, J = 7.4 Hz), 1.66-1.60 (2H,
m), 1.34-1.28 (18H, m), 0.95-0.87 (9H, m), 0.51-0.46 (8H, m). *C-NMR (500 MHz, CDCl) : § 179.81,
33.98,33.94, 3391, 33.67, 31.87,29.02, 28.89, 24.69, 23.86, 23.80, 22.72, 14.12, 11.67,7.51, 3.70. MS

(FAB+) m/z : not detected.

96



8-(diethyl(heptyl)silyl)-N-(2-hydroxyethyl)octanamide (102)
Et N

\Si/\/\/\/\n/ ~" " 0oH
Et/ \/\/\/\ o
The title compound was prepared according to the procedure described for 76, starting from compound
101. Yield : 68%. Colorless oil. 'H-NMR (500 MHz, CDCl,) : 6 6.16 (1H, br), 3.72 (2H, t, J = 5.1 Hz),
342 (2H, q, J = 5.1), 2.72 (1H, s), 2.22 2H, t, J = 7.7 Hz), 1.65-1.60 (2H, m), 1.29-1.23 (18H, m),
0.92-0.86 (9H, m), 0.50-0.45 (8H, m). *C-NMR (500 MHz, CDCL,) : § 174.97, 62.32, 42.65, 36.47,
3391, 33.75, 31.94, 31.86, 29.24, 29.01, 25.81, 23.86, 23.84, 22.71, 14.11, 11.70, 11.68, 7.51, 3.69.
HRMS (FAB+) m/z : caled for C,;H,s0,NSi 372.3300, found 372.3292 (M+H").
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ER reporter gene assay**

ER-agonistic and antagonistic activities of compounds were evaluated by means of reporter gene assay
using a Gal4-human ER @ or ER 3 reporter system. A fragment of human ER «/ 3 was inserted into
the pCMX-GAL4 vector to obtain pPCMX-GAL4-hER (pCMX-flag vector to make pCMX-ER ./ ).
GAL4-responsive MH100 (USA)x4-tk-LUK reporter was used. Human embryonic kidney (HEK 293)
cells were cultured in Dulbecco’ s modified Eagle’ s medium (DMEM without Phenol Red) containing
5% fetal bovine serum (FBS) and antibiotic-antimycotic (Nacalai) at 37 °C in a humidified atmosphere of
5% CO, in air. Transfections were performed by the calcium phosphate coprecipitation method. Test
compounds were added at 8 h after transfection. Cells were harvested 16-20 h after the treatment, and
luciferase and [ -galactosidase activities were assayed using a luminometer and a microplate reader.
DNA cotransfection experiments were done with 50 ng of reporter plasmid, 15-20 ng
pCMX-s-galactosidase, 10-15 ng of each receptor expression plasmid and pGEM carrier DNA to make a
total of 150 ng DNA per well in a 96-well plate. Luciferase data were normalized to an internal f3
-galactosidase control, and reported values are means of triplicate assays. Antagonist activity was

measured in the presence of 0.3 nM 17 3 -estradiol.

8 Noguchi-Yachide, T.; Sugita, K.; Hashimoto, Y. Estrogen Receptor «/f Ligands Derived from
Thalidomide. Heterocycles 2011, 83,2137-2147.
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STS-inhibitory activity assay

The STS-inhibitory activity assay was performed essentially according to the reported method”.
Briefly, MCF-7 cells were cultured in D-MEM (Minimum Essential Medium) supplemented with 10%
FBS at 37 °C under 5% CO, in air. Homogenate of MCF-7 cells was prepared by repeated (five times)
freezing and thawing of the combined cell pellets from several culture flasks, followed by
homogenization in a homogenizer. The homogenate was diluted with Tris-EDTA (TE) buffer and
centrifuged (15000 g, 4 °C, 15 minutes). We quantified the protein concentration of the supernatant by
the Bradford method, and adjusted the concentration to 0.2 mg/mL by adding TE buffer. We used this
solution as the STS solution.

STS activity was determined by measuring the total of labeled estrone ([*H]E1) and estradiol ([3H]E2)
formed from labeled estrone sulfate ([*"H]E1S, PerkinElmer Co., Ltd.). Mixtures of STS solution (300
L), PHIEIS (final : 10 nM, 1 x Ci) and each inhibitor (10 x L) were incubated at 37 ° C for 5 hours.
Then, 1 mL of toluene was added to the reaction mixture. Each mixture was shaken and centrifuged to
allow phase separation. The organic layer (600 u L) containing [3H]E1 and [*H]E2 was added to 4 mL
of scintillation cocktail. The radioactivity of each solution was measured in a liquid scintillator. The
inhibitory activity in the presence of 1 u M STX64 was defined as 100%. The assay was performed in

triplicate.

% Boivin, R.P.; Luu-The, V.; Lachance, R.; Labrie, F.; Poirier, D. Structure-activity relationships of
17alpha-derivatives of estradiol as inhibitors of steroid sulfatase. J. Med. Chem. 2000, 43, 4465-4448.
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Tubulin polymerization inhibition (TPI) assay

The TPI assay was performed according to the reported method”’. Briefly, microtubule protein was
prepared from porcine brain by several cycles of assembly-disassembly, as described”. Tubulin solution
was prepared at a concentration of 1.8-2.0 mg/mL. Tubulin polymerization was followed by means of
turbidity measurements (absorbance at 400 nm) at 37 °C in microtubule assemble buffer containing 100

mM MES, 1 mM EGTA, 0.5 mM MgCl,, | mM 2-mercaptoethanol, and 1 mM GTP (pH 6.5).

MCF-7 cell proliferation assay

The tumor cell growth-inhibitory activity of the compounds was evaluated by measurement of
inhibition of MCF-7 cell growth, as described previously” '®’. Briefly, MCF-7 cells were cultured in
D-MEM (Minimum Essential Medium) supplemented with 10% FBS in the presence or absence of a test
compound for three days at 37 °C under 5% CO, in air. The number of cells with vehicle alone was
defined as 100%. The concentration of test compounds that inhibited by 50% the increase of the cell

number was quantified (ICsy). The assay was performed in triplicate.

Colchicine competitive binding assay'"

Mixtures of 1.0 u M (0.1 mg/mL) tubulin, 1.5 x M [*H]colchicine (20 pCi/ L) and test compounds
at 3, 10, or 30 u M were prepared and incubated for 30 min at 37 ° C. After treatment with 1.5%
dextran-coated charcoal solution, they were further incubated for 20 min at 4 ° C and centrifuged. The
amount of radiolabeled colchicine bound to the tubulin was determined with a scintillation counter. The
inhibitory activity in the presence of added 10 uM CA-4 (39) was defined as 100%. The assay was

performed in triplicate.

o7 Aoyama, H.; Noguchi, T.; Misawa, T.; Nakamura, T.; Miyachi, H.; Hashimoto, Y.; Kobayashi, H. Development of
tubulin-polymerization inhibitors based on the thalidomide skeleton. Chem. Pharm. Bull. 2007, 55, 944-949.

%14, Y, Kobayashi, H.; Tokiwa, Y.; Hashimoto. Y.; Iwasaki. S. Interaction of Phomopsin a with porcine brain
tubulin: Inhibition of tubulin polymerization and binding at a rhizoxin binding site. Biochem. Pharmacol. 1992, 43,
219-224.

% Borrel, C.; Thoret, S.; Cachet, X.; Guénard, D.; Tillequin, F.; Koch, M.; Michel, S. New antitubulin derivatives in
the combretastatin A4 series: synthesis and biological evaluation. Bioorg. Med. Chem. 2005, 13, 3853-3864.

1 O'Boyle, N.M.; Carr, M.; Greene, L. M.; Bergin, O.; Nathwani, S.M.; McCabe, T.; Lloyd, D.G.; Zisterer, D.M.;
Meegan, M.J. Synthesis and evaluation of azetidinone analogues of combretastatin A-4 as tubulin targeting agents. J.
Med. Chem. 2010, 53, 8569-8584.

19 Romagnoli, R; Baraldi, P.G.; Carrion, M.D.; Cara, C.L.; Cruz-Lopez, O.; Tolomeo, M.; Grimaudo, S.; Di Cristina,
A.; Pipitone, M.R.; Balzarini, J.; Zonta, N.; Brancale, A.; Hamel, E. Design, synthesis and structure-activity
relationship of 2-(3'4'5'-trimethoxybenzoyl)-benzo[b]furan derivatives as a novel class of inhibitors of tubulin
polymerization. Bioorg. Med. Chem. 2009, 17, 6862-6871.
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PPAR reporter gene assay'"

PPAR-agonistic activities of compounds were evaluated by means of reporter gene assay using a
Gal4-human PPAR«, 6 or y reporter system. A fragment of human PPAR« /6 /y was inserted
into the pCMX-GALA4 vector to obtain pCMX-GAL4-hPPAR (pCMX-flag vector to make pCMX-PPAR
ald/y). GAL4-responsive MH100 (USA)x4-tk-LUK reporter was used. Human embryonic kidney
(HEK 293) cells were cultured in Dulbecco’ s modified Eagle’s medium (DMEM without Phenol Red)
containing 5% fetal bovine serum (FBS) and antibiotic-antimycotic (Nacalai) at 37 °C in a humidified
atmosphere of 5% CO, in air. Transfections were performed by the calcium phosphate coprecipitation
method. Test compounds were added at 8 h after transfection. Cells were harvested 16-20 h after the
treatment, and luciferase and [ -galactosidase activities were assayed using a luminometer and a
microplate reader. DNA cotransfection experiments were done with 50 ng of reporter plasmid, 15-20 ng
pCMX-s-galactosidase, 10-15 ng of each receptor expression plasmid and pGEM carrier DNA to make a
total of 150 ng DNA per well in a 96-well plate. Luciferase data were normalized to an internal f3

-galactosidase control, and reported values are means of triplicate assays.
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