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3-1 EMEEF T 0 —T 5T OT YA v L ARk

DN EEIG RN S, — DX —2 v V=T FNUEET Y REIZ, = ATV ET X ALED 15
T 7 VX VILICER UL E Y stbAZY =T WA v Uiz, o, ATV ET VX VEOERIC

5 HMGR 7 fRIEEDIR TIEZ — % U —T7 FNVHEOEHIZ L D2 5D L0 L) TH Y . srbAZY LA
L EOEERFEONLDOTIH RN EEZ, ZATIVETAXIAED 1 22TV LT %
atrrn—7a2=y MIEHLTALEY srpDHY L0FETTH A v Lz, 2b D7 o — 75+
% Scheme 6 (Zih > THEK L7z,

L OB RN PEAT A

0
o Bu N P(O'Pr), B JIE
tBu 1 . I i
P(OP O'Pr
( ra No ?Fo N\\N
P\’o\/ | le}
o opr Bu A\
N5 N
srbAZY srpDHY
Figure 11 XFAHER T 0 — T B TOT VA v
(o]
3-bromopropyne ‘Bu I|!’(<)"|:’l’)z
\Q/YP(O PI')2 L Br P(O’PI’)Z Cs,CO;, | .
—_—_—nm —O'Pr
O'Pr), MeCN O’Pr DMF 1N
reflux r.t. N3 o /\\\
24 h 72 h
18% 15% srbAZY
(cocl),
DMF
/\)k/\ DCM /\)k/\
1 h
50%
DMF
r.t. (I)I
1) B
W"(o’f’m W N
oPr M DME > N_ = p-0 —
rt. o \OiPW
72h Bu =N
15% srpDHY

Scheme 6 srbAZY & srpDHY O& /L — b
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3-2 srpDHY & srbAZY @ HMGR %5 fiis a4tk

AR LT stbAZY & srpDHY (Z2W T, {GMERME 24T > 725K % Table 6 & Fig. 12 (2”9, = AT /L
Rlerroy kAR EGhyn—7 2=y AE A LT srpDHY (X SR12813 L 0 & 2 5L Eig
HMGR /i EZ A LTz, MUK BV PVREAT 2{LEW 13 LR L TH 300 1L OEN
KFIcE EEoTr, 26 TORFHIBWTZ AT L ETAFAED 1 D~F I VTR U BITIER
ELIEEDIR TR RSN &0 D, RFVEREORE STZF TR ST VI T LT Lotz
BREELIEEICHGTDEEL20N5, —J7 T, srbAZY [ SR12813 & LbE LT 6 43D 1 LA EDOTHIMEL
THRRONZ, Z— % U —TF 1oL, m ATV ETIFNLEL SOOLEHTHRONIIEHK T %2
ZETDE, MRTHEINHBREDOIEMKT & 22 o7z,

PLEDORER G SR12813 XV bRy HMGR S iRiE & 43 5 JeBl AT 7 v — 7 Bl o0+
srpDHY DOAIEIZ A E) L7z,

Table 6 srbAZY & srpDHY DiE14:3E

Compound EC,, (uM)
)
Bu P(OEt),
==
mom 11 b
2 (%]
HO 8 c
Bu 3 —
Q a2
Bu N P(OPr), © .2
13 m""””’ 014  £5
B 0 = .:—:
©2
#wmz s
srpDHY Pfr\j&\ E

‘Bu P(O‘Pr]z . . . .
Q/\FEE,O’W 71 0.01 0.1 1 10
o —_—

N3 Concentration (uM)

Figure 12 srbAZY & srpDHY OiEMEFHAM
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3-3 srpDHY % iV 7= HMGR # A ik
3-3-1 HMGR fi&#r~r e h=a—

15 DT MR 7 0 — 7 sthDHY % U C HMGR O AitBr & it sd 7=,

HMGR D& FERIZIB VT H 2 E T HMGR S fEEMERHN 41T > T & 72 HMGR-Acat-FLAG-Eluc % &%
Btk A e, ZOffaH © HMGR O3 BLEITZ < 722 & 226 Compactin ORITALERIZ L D HMGR @
BB EAY P SERETT v A BIToT2, Ty A DT 1 b a—/L% Fig. 13 [Z7~¥, Compactin (3
M) 7 16 R ALEE U 7= e 20> & s O 2 I TR 53 2 FEE U 72, 15 5 2V 72 IR 531256k L srpDHY A AN
Z T2 UV RS L, srpDHY & HMGR I CILAREE 2 S -, £D% 7 U v 7 KISiRIE (Biotin-
PEG-Azido &filifif) #MMz 27V v 7 KIn&E TH 2 TEATF U 2fASE, £L T FLAG t— X% H
WL ATV, VAKX Ty T 4 725 W HMGR # 87 BEOWMI 1T 7,

UVEE &
Click B it 58 28
=
=i srpDHY (Biotin-PEG-Azido)

IREI DR HMGRDSAYLY  EAFUERES
Compactin
3 uM, 16 h o
" FLAGE —XIZ&%
R Ly W23 Western blotting
*Streptavidin-HRP
FLAGREZ#HMGR *anti-FLAG

DiRHE

Figure 13 HMGR 7~V » 7#&BROS v ha—yv
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3-3-2 srpDHY @ UV (K77 1972 HMGR O 7Y v 7

FFIL UV ARTFAIIZ srpDHY 1252 HMGR O 7R 7N 2 5 Z & s Lz, fE#R% Fig. 14 12
k97, Streptavidin-HRP TR 24T > 72354, @5 O HEK293 M2 33\ Tid HMGR (%9 % 100 kD
FRETONY RIIMER &7, HMGR-Acat-FLAG-Eluc 22 EF HIRRIZ )T 100 kD FEEEIZ UV KTFIIIC
BEL DN REffR LTz, £, UV OB A 155000 10 512752 & TEDONY R 2o
72 — 7T, PLFLAG HUATHH L7284, R L 100kD FUTIZ &I & & —FRICYe £ 530 B &2 ed
L7z, TRHDOZ EE, 100kD T &7 2 D/ RIZHMGR Th 5 & & 2 b, UV IKTFH
IZSIPDHY (12X 2 T XY U 7R E TS Z LR Sz,

HMGR-Eluc -+ 4+ 4+
srpDHY (1 uM) + + + +
UV (X min) 10 - 1 10

IB:Streptavidin

IB:FLAG
W 100 kD

Figure 14 srpDHY @ UV {&#F#7 HMGR O XY > 7
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3-3-3 k&YW 1312 L i H e

WIZ, 3-1 THH L7e N RRFERERA R 7 VXV BEA~DOFRERICL D b DO TRWZ L 2B 54, 1t
AW 13 I LD ARBREIT T2, (LAWY 131X srpDHY L RIUARYT v MCHATHLEEZHNDLDT,
RO 13 OILFF T CTlE stpDHY (255 HMGR O 7 R Y > I ESINDITT THh D, #EF% Fig. 15
(27”9, 6uM @ srpDHY (ZxF L, @EID 13 #HiA S5 &, srpDHY (2K 5 HMGR O 7 XU v 7 731
EINTz, ZOZEND, srpDHY [XIERF RN & X7 TIE7e<, HMGR #F7 XU 7 LTW5H 2
MR I NT,

HMGR-Eluc + +

srpDHY (3 pM) +  +
Compaound 13 (100 pM) - -
UV (3min) - +

IB:Streptavidin ﬁw HMGR

IB:FLAG --- HMGR
Figure 15 {t8% 13 Z VW Bi ARk

PLEDORER NS srpDHY X HMGR IZHEA L TWAD Z EQVRIB S L2, 2D Z Eavh, SR12813 xR
\Z X % HMGR O 73 f#13,SR12813 78 HMGR ICEHAE AT A Z L THEINDLI LD THDH EEZ LD,
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=1
o5

5

v

AERNIZEBIT 53 L 27 a— LHIEINCEE T 28898036 F 0 100 4Fir < &5, Hdii## CH 5 HMGR (2
DWTIHIEEO D 2 /X7 F ORI X0 FREBANCHRARNEALTS, L LR 5, HMGR D4y fiiing
72 ERTIZNTRIGIAIRER 53 D3 % < > T\ 5D,

A TIE, THETARHATH-o e a L AT o — VIR TFIERZRSE RS k&% SR12813 @
HMGR 73 i DAE AR Z i B3~ < | SR12813 DYCHAMERR# 7 v — 7 (k. & HMGR ~D i & ik 217 -
7o 70— L OB TS TIEH D H DD SR12813 O HMGR Z fRiE 2 FeiE & U 7= & s A B oo
—IEHLMNCTHZENTE T, £z, BURAE DO H 59 T b8V HMGR 2 fifiE 2/ 34 2t &6W%
13 DA L7z, £ LT SR12813 LV & W\ e ME 2 A3 2 B FMAT % 7" = — 7 srpDHY Ol
BUZH AN LTz, SR12813 #FE (A D HMGR /S iEIEMEICIBW T, BFHFERO X —v % U — 7 FOLHEPEET
D EITHERT D Z LRI, ZOMBEIC LD LB RIS, BRGIECE I LE
BATLHZETEDE I ITIHEREALT 20O0EE 2 5RAPMLETHH EEZD, 1o, AR UE
T ATV ET IR NFEIZONTH, srpDHY O X 5 7a K& WEBREOE AN CIRERMER SN2 L,
KIGT NF R0V T D) M B OB L ATEIED b E L0 EECHRET A BEND L EE XD,

Foiic7 v —7 srpDHY % VT HMGR 123§ s AR 217 9 Z & T, SR12813 Hix A1 HMGR
AT A Z LWL Lz, ZORFIE, SR12813 7% HMGR (CEBAE AT 5 Z & T HMGR D45 fiF
EHELTWDHEVWIGEIEXFFTH DI EE XD,

— 5T, BUERGMEME TIIH 5 H OO, 25HC @ L 9 12 HMGR Tid72 < Insig IZfEA 95 Z & THMGR
PDIRZFETH L SN TVDILAEWITB TS spDHY DI RY > 75T 5 8AN R I 5 LV 9 fEE
HLELNTND, ZOZ EIZHOWVTIE, 25HC & HMGR (AT 25 Z & CHEBMICHEADEZ S, b L
<X Insig ~DFEGENTH Z L TRIEMICHADEZ 5 L0 ) 2 DO AMREMENE 2 Hivd, BUIR Tl
Fa BHTICIEE > TV RS, CRISPER 72 212XV Insig 2/ v 77 7 b LI2RETT R 7 EBr
ZATV Insig DSLENEZGTTT D 2 & TR TE 20 TIERVWINEE R D,

ZOXIBREICEE LI ET, srpDHY Z WA Z L T J AT r—/LR°24, 25-Uk FuJ /) A7
— /L& WV o 72 HMGR &R =BT DN H —7 > N2 VR ERFEE SIVTW RN I3t LT, [H#E
HITIEH D H DD HMGR IZHEAT 2 AR T 2 Z LN TELDTIERVWNEEZ D,

Fio. BUEEBGOM S X7 B OREBEEDMED NSO T Y . HMGR (2B LT b st 238 & 7>
2725 Z EBNHIE SN D, TORRIZAESE LN MACILEYNEIRTE 20 TIERWNEBZ 2D,
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2 L0
PPARy (23T % transactivation {EH &
transrepression 1EH D FA BRI D FEGIE
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1% W
11 BNSZREE

BNSZARIIMERNC RS RFES N2 T MEFRZRERE R FTH Y (Fig. 1-1), & MMIBWTIT 48
FEMNFE SN TERY, 3 FEICDEIN TS 12 1 S HI Glucocorticoid Receptor (GR)X> Estrogen
receptor (ER)E W o 72 AT 0 A RARLEVZEFR, 2 SHIEWNEMEY o RRRH S TW WA —7 7
VR, 3 -5 H I thyroid hormone receptor <° retinoid X receptor (RXR). peroxisome proliferator-activated
receptor (PPAR). liver X receptor (LXR) & VN o 7ok 4 2o NIRIME « SRR D T Ric k- THlf s s U v
RKFHEDOBNZ KR TH D, TUENOEREIZZ IGO0 | FAE T MR 72 EAEMIEENC D
LIFIERMEZREGL TWD

EEWNZREROEEIX, N K2 D Activation Function 1 (AF1) & FEIEIL D N KIEMEL KA 4 > DNA &
4% % DNA #54& R A1 > (DNA-binding domain; DBD), = L C—f&IC ) > REMEET M2 HT 5 Y
H v FiEA R A A > (Ligand-binding domain; LBD)?D 3 S K A A b7 5, KT U By RIKFER R RS
TEMERBUCIB W T LBD FEERH E 2H - TR | EL<O5E. BEZAERORE BRI ~T 1
CEEREICBWTHERB T ZH S TVWD EEXLND, LBD T =RICHEIZIHW T 12 fH D o-Helix &
ALTEY, CRD 12 % HD Helix (Helix12, AF2 & HIFEN D) OZER O 5D GEY)Z2HT 0 72 7-475)
TIHEERHE SN D, T78b5, 7= MEARHZ helix 12 23V B2 REEER 7 MZEZTH X 91
Pr 0 T fe AEEN AL L, 2 OFEEZ(IZ XV co-activator 23V 7 L— h &ivb 8

Primary structure Tertiary structure

*DNA binding AFZ ligand
. AF1 | Zn Zn 1
*Transactivation

*Ligand binding
*Transactivation
- Dimerization 12,
*Repression

Peroxisome  Proliferator-
Activated Receptor (PPAR)

Figure 1-1. BNZEEKOH#
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1-2  Peroxisome Proliferator-Activated Receptor y (PPARy )

PPAR [ZHNZ R A— =T 7 I U =BT HER 1 TH D, TOMERIZZIGICIEY | P HEARIHK
TER 2 EDONRERH . A AV ESMEHTRIEN 72 & OREFE G, S DIZEREEIL, $00% - RIESUR,
AR A, VRIS O HIfE e Ak 2 Ao R BIEME A H 95 & ST D, PPAR IZIE o, § (B). v D 3 DD
TTEATPFEEL, ENEIERE, BEIEVWR A LD,

AMFFETHEAZ Y TS PPARy 13, EITIENERRCRIE . Mg SIo@mBE L Tk | RO 21t
R0V 3 — ZOMEFE MR, FIRIE, 2 L AT a— Uik oIS LT b, NERMY o RE LT,
15 TAFXT-ARN4-T O RE T Ty T 7% NUBE, U /LU E ORISR Z OREW N &
Do Tl AMRMEY T REL T, RITF TV VPP RIEAITZDS) ThH v 7 U XY R
7V EY I ERSHH(Fig.1-2), £7-, PPARy U > R & LT, GW9662 X° BADGE &\ »7o7 ¥ 3=
A MbHEINTND 4,

Endogenous Ligand
(0]
Y OH
X
o

15d-A12,14-deoxy prostaglandine J2

Enxogenous Ligand

( ! 3O
AT ;
\ N\/\o S\< H
| )
~N

o NO,
Rosiglitazon GW9662
(o)
= | NH
\N o) S\ﬁ 0 O
3 o7 e i v
(o)
Pioglitazone

BADGE

Figure 1-2. PPARy O - SMEMEY T R
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1-3 PPARy 21T % transactivation {EH]
(1) Transactivation fEF D A 77 = X I

PPARYy ligand

activation

Figure 1-3. PPARy @ transactivation ® X 7 = &X' A

PPARy D#sGIEMEALIRRE % Fig. 1-3 |17k L=, PPARY IZ7 = A R ES T2 & PPARy 1 rethinoid X
receptor (RXR) & ~7 11 “BIKZEHT 5, ZD~T 1 &K PPA response element (PPRE : i 4)
IZfE G35 2 & T Co-activator 28U 7 /b— b S, MBI FOBTEZME T2, AmLhTlIiinz
PPAR o transactivation £ & FE.5, PPARy @ transactivation /EfIL, B+ B0 7 v w—% —fEKIC
PPRE % 49 % cluster of differentiation 36 (Cd36) . lipoprotein lipase (LPL). fatty acid binding protein (FABP)
EWV S ERERBNCED 2 BT ORI LFHE L, B EZHIET 55, £, 73— 2RV IAZRIZ
B9 5-79-% glucose transporter type 4 (Glut4). insulin receptor substrate 1 and 2 (IRS-1, 2). c¢-Cbl-associated protein
(CAP)Z2 EDBIRFRIGFHFEL, /N a—ADEFEMEMERIZHFET 5 5,
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(2) PPARy & BEIRIF

AR L72 & 9 72 PPARy @ transactivation fEFIICE H L7z [E3 & LU CiE, IHEBEIRFIAIFIEE LT &
NTWDLEF TV ZY it %, I RRERE &1, BEgD B M A A Y 3B+ 52 8, il
W - TR~ 7 v 2 — ZD IABBERENME T2 2 &0 BB A 2 U AREUWEIC 225 2 & JRIA &
Y B E A R ITRETH 5, WHRERFOFEREIE, UTFOXIICRBESN TV D, fEIZK D
U 7= i s o e XA B 0 A 4L, BRI E R LT 5, IERALIRIAMIBIC LD, 1R Y »
HRBHUME 2 A 3 2 WEEER IR . TNFo (tumor necrosis factor o), L7 F >, LY AF > MCP-1 (monocyte
chemotactic protein-1). PAI-1 (plasminogen activator inhibitor-1)72 & 233 & 5, L 7 F L ixilEBENR G % i
WARBRE S B i A3 %, BRIAHERE > O FH S 7= iEBERR RS & TNFo X, U v E{EZ A L CTA R Y
VEREE(RS)ENEILT D, BA VA AT, TOA R SARFIEOUGEIZF 535 ° (Fig. 1-4),
JENMIE ED PPARYy NEA 7 U 2V AKX OIEM L SND T T 4 AR 7 F o ORBEZFEL, FI 7
Ut FEE&ERSE, IEXRIIEHHIRO T R h— ANFEES N, A R U2 &R 5 0
Wilz, TNFa, V7T 7 E005wzMmifil+ 5, F7- PPARy @ transactivation {EHIZ X % C/EBPa
(CCAAT/enhancer-binding protein o)7 & DFEHL 24 LU CRiIBRARIIAII 2 /NMUARITla~ L bS5 2 &
THET T A KRR FrOBUWMEESND, THHDORIZED A R URBIERSGE S LD,

adipocyte
'_ hypertrophied
adl pocyte
\\\
preadipocyte ’ \ .\
{\ r\ apotosis

PPARYy activation
PN .j" ‘.‘ljl .

" small-sized
adipocyte

Figure 1-4. PPARy DA VR Y ABRHIMESED A 1 =X A

—J7. PPARy 7T I=RA N THDHT TV U T UF U REANIL, REBEINOEE, NRITE. B85 E R
72 EDORIERDERIR L~L THE STV 5, IE & RHRITHE I2BI L Tl PPARy @ transactivation |2 X
% FERYE ST ENac (epithelial Na+ channel) 23[R Cd 5 AlReM: 6, B8 BB L TH . PPARy (K{FHY
(R B L AMEE SN D Z & TARE STV D
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1-4 PPARy (Z331F % transrepression {EH
(1) Transrepression {£H

IHETHRRTET LD BB HROETIE K1 & L To transactivation /F/H231 H 4L TE 7273,
ITAF transactivation 1M & 1372 D A = X L TRIEMEBIZFOERT 26l 2 L o iGN ST
% 8910 A YL U AR Z BE(LPS: lipopolysaccharide) fili A3~ 27 v 7 7 — UHlifa 7z K125 &, PPARy
U > RIEAELE FTIE. NFxB, AP-1 72 EOHRHKF 75 % OIS ERLS(NF-KB response element: NFKBRE,
AP-1 response element)IZfEAR T2 Z L2 X WEEENIEMHAL S v, RIEMEY A b A VFE(TNFa, iNOS
(inducible nitric oxide synthase). IL-6 (interleukin-6)%%) D& s DR GENIEMHAL I N D, ZZx LT, U
> K23 PPARy IZ#E G L7 RAETIE PPARy @ SUMO {E3FEE S 41, Z @ SUMO {k7Y PPARy % & ¢r Co-
repressor A K% ZEL L, 7' 1 E— X —fEKIZ PPRE ZFF72 720 ERRRIEMEY A N A VEOBR T D
RG22 &V ) O TH D WFig. 1-5), D K 9 72 EH X transrepression /EH & FEIEHL TV 5,

PPARYy ligand

PPARy

repression

inflammatory
gene

Figure 1-5. PPARy @ transrepression fEfF D A 11 = X A
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(2) PPARy 235317 % transactivation fEH & transrepression 7EH O N4

PPARy (Z351F % transactivation /£ & transrepression /EF2MFRERIICHEE Z 5 6 D2y, b L <137
Z D H DM ONWTHGEEE T - 72451 % 7x3 1, PPARy @ transactivation {Ef 12 X 0 B HIE &2 Cd36
{51, transrepression /EAIC X 0 FEELAHE S 415 INOS BAS 12O\ T, A% PPARy % VTR %
17> TV 5 (Fig. 1-6), PPRE ~DfE&EREZR Ko 72 R H PPARy 2 H\\ 5 & Cd36 EAx 13BN S 41
5891270, —FHTINOS EinFITMHIKEBA RO Z LB LN/ o7z, BIG, ZDOLEE PPARy %
AW 3EZBRIZ LV | transactivation 1E & kDD % | transrepression 1 13#ERF - 5 28 B PPARy 23MFAE T
HZEBRHLNTRD ., ZO2O00ERAPMNICR I 5D THDL Z LR RBINT,

mutation

PPARy) T————> [PPARy

Tran%tion
R ——p

L ©

PPARYy ligand

activation

PPARy

Transrepression

Figure 1-6. ZE2& PPARy % f\ 7z transactivation EF & transrepression {7 D#ERR
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(3) PIEBIER BT 5D PPARy U W RoOF AT

PPARy U 77 & RIIFE 4 O RIEFHFEMEAR T DR 2 Jii 9~ S transrepressionfE [ 24 L T\ 5, 2, B
HiU U~TF . SREMIERF v v A< U Ehkx B R R o TWA 2 EREZ O
%, FEBEIC, BEY v FROMEABTL, PPARYT IR N THLR LT YR RS T Y XN
JERDUEIZTFGTHEVIERT — 2B ELN TS, FERFREEO AR — MIETIE, 74U Y
VU SRR RE(217811) T, MR CUBE RIS TR SE RSB RE(L070041) 1T He T Wi BSEIR DAL & |
BHAATvA REOWS ZGEIZHD SELHRPHBESN TS, £, VUSTFREIHSTLHTT
TR TEERZ 0 A4 — =R BRICBWT, B4 7Y 2 UEREREGAFN) L. FERESRICHERT, B
ik DIEEE(DAS28-CRP : Disease Activity Score in 28 joints using C-reactive protem)éﬂﬁ%n b s w7z, B
b FTYVV U VF FRPPARYT I = A FOHIRIEEMITIRSITH Y . b MIxT AL —
STV D,

PUF T8 & 72 2R ABIZOWTERRIZRT,

R U &7 ~ F-(Rheumatoid Arthritis; RA)

A COMREIC LY FROMER SH, BER-CHEOZENE L 2 RENRBEHO—2>THY | &
EMEA CRERETH D, RHEE LTRIAT oA FRSRIEEGR U A R ZvaanFad R,
AT mA FHERZIES(NSAID), HL) 7~ FH(DMARDs), TNFob L < I3 IL-6 ZAREY & LI
BAL ERD D,

i . (asthma)

FEAEME DI R Wings, B A 0 R JR AT, BRI R RIEARGEIZE Z 0 . KGE O\ T 5
TENEDFRKEEZEZ BN TS, fﬁ?’f?ﬁﬂ%‘?ﬁé& L TEWMART A FHRRIEHRGR VA R 7v
aa)Faf R)ZREPHNLIR TS,

AT A RERWDER, TOMOIEEETHLRIWEAR ERMBEE 72> TE Y . FrlOIRREDORHIEN
LENLTND,
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(4) DN IR TO transrepression 1EFH & D Ll

Transrepression {EfIZ. glucocorticoid receptor (GR)=> liver X receptor (LXR) 72 EflOEENZ KT H S
INTWDH ¥ GR VI RThHLZ VvaanFas Rk, ElRO@EY, IR PRAE « S mifER .
HREEER 28/ b, 7T LA X—RE, BEFKE., VUu~F, BOBRKICEN I TWS, —F T, A7 R
A FOFEBYEMIC X DHERP, BHERE. SEZENE, ®IFMUE, S, S, FlEE 2R & oRIE
And s, Z0oOFRWERNEK T, ZvaavF aAf RIIEFITEOIBEDRICHLEDL T, 7L
— CTIFEARINTRFTEGIZIRE S, U U~ TR TR —R#IRE TIEI R, 202 &b, BFER
ERE L7 vaand ad RBREKROLTROLNTND, ZvaalFa s ROFRIE - Gl
YER 21 transrepression YEF 23, BITEA DU 27321 transactivation /EFABEFR L TV D & ST
% 1516 GR 728 2 &1L T & 9 transactivation 1EH 2 Ff 7= 720 WiB R -2~ 7 A3, transrepression 1EAIE
FoLWHoMmENH D Z &H 6, transactivation {EA & transrepression {EF DS BEIZFIEETH D LB 2 B AL
% Y, A LXR @ transrepression fEM & #5 S 417-, PPARy & LXR O transrepression 1EAICIEZ < o4k
BRLEHDIN, ¥—F v FETIHBEBEFRZEDA = ANIEOR RSN S 18, PPARy & LXR # Ll L
THhDBHE, EBHE corepressor @ 1 NCoR 12V 7 /L— b SR B ERIZ SUMO L E NS Z &3 58T 7R
> TW5 7, PPARy Tl PIASI (protein inhibitor of activated STAT-1){&f##7>> SUMO1 @ SUMO {t.% %%
F. LXR TiZk A b U7 & FUAbEESE HDAC {KA7891Z SUMO2/3 @ SUMO b &%+ % (Fig.1-7) » £
7o, WIS D RIEMEY A A VFEIZHEWVA R S, iINOS IZB87 5 transrepresssion {Ef % PPARy,
LXR OWF A THE Z 523, TNFa I% PPARy DA T, illB TiX LXR DT transrepression {EF 23K Z 5
ZERHESNTND,

transrepression

/\/

tnf-a inos il18
terget gene

Figure 1-7. Transrepression fEfIZ331} 5 PPARy & LXR D&%
Z D X 92 % O transrepression {EFD A B = XL, Z—4 v b ERDEIEFITITEDDRAZ SN, XD
FEME 72 transrepression EH OBERERC A U = X LA DML, FEx OBNZHERICLET 2 G iE 722
transrrepression /£ ORI & | {51 transrepression 7EFH ORI O 5 2R 2 MER B H LEZ HLD,
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(5) Transrepression BRI U A K OAIIHR

AR O . A% PPARy LK GR % AV /2EBRIC L v | transactivation 7Ef & transrepression 7Ef 1
ML TEZ 20D TR, ML TND ZEMRBINT, MAT, F—2 RV ENET LR
ZODERN, VA PO - HIEIC K o THBETE 2 AMREME. GR U T FIZX W I THE S h
7= 1920(Fig. 1-8), Hexahydroimidazo[1,5b]isoquinoline ({47 a) 1%, AP-1 55 iifi] 2 F5#% & L 7= transrepression
ERIZZ v aanFaf B el LT 6 %55\ A%, transactivation ¢ ECso I3 1000 fi£LL E55VMEAW TH
%, Dibenzoxepane ({b.A%) b)iX. IL-1B % 52 & L 7= transrepression {EAIX 7 /v a 2L F a1 R &A% T,
10 uM 2B 1F % transactivation fEF OPNIEMIZZ v a v F a4 RE D HONAEAEY b:53%, 7L F=>'1
Vi 114%), AMEEWIX. Ty MU USTFETICENTH, v aaFaLf REFEBOGEMLEEZR
L7z, TR, 4AJF4E=2 T3 transrepression 7EFIBRIRAY 722 LXR222 U 7 ROAIBLUCHE L T\ 5, FHilfH
+:1%. dibenz[b,e]azepinone ‘FH& & AT LAY ¢ A LXR IZHEA L. LXR KTFRY72 IL-6 A FRIELE LT
transrepression {EA Z 7~ L, 30 uM D & FEC 1 transactivaiton {EFH 2 /R 3722 E & R L7z, RMEAY
23, Transactivation 1EfIZ S & S BWEADRIK & 725 mRNA % EH X372, transrepression B D
MRNA Z i35 Z & bR RIS THERS L7z, BFFME L%, styrylphenylphthalimide b &4 d 25, [FIERIC
LXR (ZfA L. LXR {KFAY7R IL-6 BZ 4512 L L= transrepression fEMZ R L. 30 uM O EIEETE
transactivaiton fEfl Z 7R S\ Z L 2R L7z, A& 6. Transactivation 1EHIC & &5 < BIFEH O JHIA
& 725 mRNA % 5 &892 transrepression BJE O mRNA 2 #1192 Z & SR ICTHEZRE L T\ 5,
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Figure 1-8. LXR & GR o transrepression fEf&IRAGY K> F

7RF. AW LTI DN A transrepression fEHIEIRAY Y 7> N & 1%, transactivation /EHIZ k327
A= MEMZ/R ST transrepression 1EH 2RI BENZ AR Y T R4, Z O transrepression {F ]2
R Y A > Rid, transactivation ERIZxIT 27 T=2 MEHZ RS Z2WHE OO, BENZHERO U o K
AR v MTKET 5729, transactivation IZxF L CT7 X 2= k& LTH<,

PLEORER LY | GR B L LXR IZFW T, transactivation /£ & transrepression 1EF 23 /0B Al HE TH
HZEN, VA FOREREAICEIVHLNIR>T,
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1-5 HFFEEHM

INFETITEARZ L 9T, MOBNZAEMR GR = LXR Tl transrepression 1EFEIRA) 72 U 4 > RS
HEINTEY, YuFEETH transrepression fEALEIRAYZ: LXR U 2 ROAIBUZAKZI LT AH, Ll
725, PPARy IZBWTIXZD L H Y U FOWERILV, £/, BHOELRRICB T ey 7
YRS T TN E Y OFFERERMFZEZIB VT, transrepression iEMEEH 53— v LT I =
A RNOAIRNZ L EE oz, & 2T, PPARy IZBWTIET 2= MEFADOZLIZIER U T transrepression 1
NED X HIENT D0, BEAICHBEBEBERH 00 NI ZEEZHLMNCTLZ L2 AME LTHF
FTICEF LT,
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2 & Transactivation /£ & transrepression /£ A O FH B4 BAt%

2-1 {EVERFARL R

(1) Transactivation {#/H#Fffi (PPARy agonist {%1%)

Transfection

1day 1day
= -0 ——
compounds
PPARy Full-length
PPRE-Luc
B-galactosidase

activation

luciferase m

Figure 2-1. Transactivation £ D FEH %

Hela #H(Z ., full length human PPARy & . PPRE @ Fiiic/v s 7 = 5 —¥ 2 354 5@ {5+ % Lipofectamine
IZEY—WmcIE N T AT =7 a v L, (LB Z{T 572, W%, PPARy |TERGHIHIRAEIZH D
B, 2T =R MBRIINES & co-activator 23 Y 7 L— k E4u, luciferase DERENIEMHL IS,
T A=A MEME LT, ZoEEN, 3725 transactivation 1EMED 58S % luciferin D386 & CREAMH L
720 ECs0 lZBALEW DI IIENED 50% & 72 HIRETH 5, e RIEE Emax (X, =7 U # > v O g KiEHE
% 100% & L7zBEOEALED OB RKIEEZFHXIICER LT DO TH D, 728, B-galactosidase z 5HL 7
L7 TAIRERFFCN 7 VA7 273 ar LTEY, TOEETHIES N VA7 227 v a VR
R LT,
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(2) Tranrepression EHREAN (NF-xB HIlTE )

transfection

1day 6h

= ——— —
PPARy Compounds
NFKBRE-Luc TPA

B-galactosidase

Figure 2-2.  Transrepression 1 Ol %

Hela #if@iZ, full length human PPARy &, NFxBRE @ FiitlZ luciferase % 819 % i#{s 1% Lipofectamine
IZEY) =B T AT 27 g L, ALEWLER (2 FEE]) ZAT o7, TPA I (4 Wef]) %17
STz, 18H, NF-kB 71 &— % —(X Co-repressor #51AKI1C X 0 ExGHMHNMRAEIZ & 223, TPA ANz %
Z & T, Co-repressor ARMNERZE S, luciferase DERENEML SN D, LnL, VY RBEA L
PPARy U 7 /L— k&% Z & T, Co-repressor A ANV ZEL S 4, luciferase DI G 3MEH Sl E F D
REEL 72D, Z OERBANHNIENE, 372> transrepression 1E ] 5855 % luciferin o> % ¢ & TRl L 7=, 1Cso
|2 DMSO D7 % JLB U 7= B & eI, TPA B AAT o 1o e KIE L LT 200 OEZ R TIRE
Th o, 708, B-galactosidase ZHHLT 577 AI REZFIFICE T A7 =27 a LTEY, ZOIEME
THIRES N T v AT =7 v a U REE RS L LT,
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2-2 Transactivation £ @ ECso & transrepression /£ @ 1Cso

Transactivation {EH & transrepression fEFIZWT 4L U T2 ROREGORERE Z 21EHTH D Z &b,
7Y & AZEBT D EVER OTEVEE I OW T, 5% Fig. 2-3 12/~r$, Transactivation 1F
FHD ECs I, transrepression {EFI D ICso X & 72> CTH Y, R —E Lz, ZOMENIMO U T FHAS
Nz e, DBETIRmEE ORKNEEHICBIT 2B W THERZITI 2 L & L,

o o o
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Figure2-3 w 7Y &Z . & TIPP-703 @ transactivation fEF () & transrepression /fEF (TF)

Table2-1 v 7Y &Y & TIPP-703 M ECs0 & ICso

transactivation transrepression

Compound
ECso (uM) ICs0 (MM)
Rosiglitazone 0.023 0.010
TIPP-703 0.010 0.006
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2-3 v 7Y &Y UEEERIZT DIEMED g

F 771 transrepression AFFEICIB W TIHH SN TWAD 7 U Z Y U R EEMIZ OV TR, ELIRRRICE
WTER LTy 7 U 2 aFERD DALE W 2ok U CIiEH O i RIGME O el 2147 - 7§ R A Table
2-2. 1257,

TVEZSRCEWEITT VU VA VR B O E RGN ZHEAICTHZET
transactivation 7EfH O RIEMEDME T4 5,1 & 212oWTH D &, “HEEAKIZT % Z & T transrepression
TERORKIEE BT Lz, £72, 3d <°4d @ X 5 1T transactivation {EH O RIEMEM 102 &l LT
KEIEL T LTV BEE TIE, transrepression 1EA D KIEME S [FARIC K E K F LTV, 2D Ofk
RBns, 702V ATV TR, transactivation 1B 0 i KiE M & transrepression 7EF O KigE
ITHEBA L T b T 2 o D Z L DRIE S T,

Table 2-2. v 7V &YV VHERIZBIT DBRKRIEED LR

transactivation transrepression
Compound bond

Emax (%) Maximum |nh_|b|jc|0n of
MF-kB transcription (%)

Q

1d @A‘X d 38 40
~

I
s O s 113 57

2d l/ W"" d 41 43
N"YN\/\O S_&
2 @ s 120 57

3d NN W d 11 20
N 31

ad 19 24

éi
s
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2-4 70 & LSO PPARy 7 =& MIEIF B transrepression 7EH

Z 3V E Ttransrepression A ZEix o 7 ) 2 R A T Y X U Ip B 2 UHREI B LTS S DR E
EANETHSTZ D, ZOL D BB OMEE AT 5 PPARYy 7 T =X MIBWTH LD M
EWMERTHZ L L Lz, FIRHEECAIR S L TIPP-703, ST\ D GW1992, & &I k=
O'E ISR BRI L TIHW SR E DG & 1k & 3 5 & Wt (MEKT21, T-714644, T-714646)
ThD, o DOIEMERHER R4 Table 2-3. 12777,

TIPP-703, GW1992, MEKT21 @ L 527 /L7 == A KT\ transactivation 1 O KiEM 2 F>7 =
=R hZ transrepression 1EH D RIEMEIC DN T S FIFREE ZHEFF L Cuiz, — 5T, T-714644, T-714646
D EHTFHNR—T y LT A=A NI/ 5 & transrepression EFI O KB REALTF LTV, b
DFEFEINS, 7V HZEZYS U RUSD PPARy 7 F =R MMTEBWT b, transactivation 1FH D RGN &
transrepression £ O RKIGVEITARRS L TE(LT 208 H 5 2 L 3VRIB STz,

Table 2-3. 7' U &Y U LSND PPARy 7 F= R MZI1T BB AIEMED Lk

transactivation transrepression

Compound — T
Emax (%) aximum innibiaon o

NF-kB transcription (%)

TIPP-703 77 41
GW1929 83 44
MEKT-21 73 42

T-714644 Nﬂﬂ;]@” g 13 8

I "E/Q 16 20
T-714646 N
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2-5 7 X =& MIEIT S transrepression {E

PPARy |ZETF BT ¥ A=A FOWEHNIZL LRV, ZNHOHFTH R DIEHHEBLO A =X
LHEFFOLLTD 3 DO7 v Z T=A MIOWTIEEZFHE L7z, SR1664 |£= k 1) Phe282 & \7{KX
T DHIETPPARy Dy 7 A—va e, 7o 3= MERZRIET 5, T-714657 13
HISEAE S Helix12 OFT 0 BAAEIZ L > TT o X T=Z MEMHEZREL, =2V 7L ¥ —NCoR & DHl
otk b @2 E R CTH D, TO070907 IFLH SN TV A IEREAMOT v 2 T=A N THDH, b
DOIEMFEAM#E 5% Table 2-4.12777,

WTNDOLEIZEB VT transrepression {EFITIR SN2 ERghoTe, TOZEMNLT X I=A |
IZBWTH 7 T=& MEM & transrepression TEFARAHEES 92 L5 Z EVRIB S 7=,

Table 2-4. 7'V Z Y PIAD PPARy 7 =X MZE T BB ARIEM D

transactivation transrepression

Compound

O
p Rsegae!
SR1664 0 NO, N.A. N.A.

F
N
N.A. N.A.
SSansRan:
N

T-714657 N
Ly U

Emax (%) Maximum inh.ibiFion of
NF-kB transcription (%)

NO,

T0070907 H N.A. N.A.

DR e
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2-6 EE

Z ZF TR TE 72X 512 PPARy (28T transactivation /EF (7 2= hMEH) & transrepression {E
MR D2REMEE L TEMT 2 &0 D Z EDVRIE S L7z, PPARy TN AR O T 6 i b O
BIZEATEY, TA=ZA R 7o ZA=ZA FOWT BN TbHERH L, v 7)) Z2 0847
U &Y D3 PPARy D7)V T A=A MEMIZIL, U H > F& PPARy @ Helix12 f1i2d % Thyd73 & D
KEFEEDHRENEETHDLZENHSNE RS> TS, FEEICTZ AT I=Z MIHEFTLHRNT T=2
MEAZ &> MEKT-21 72 £ CTh Tyrd73 L OKFREE DT S TRV | [7 U Helix12 DtV B K 2D
T A —NT 4 U THEGEER LTS, SN—=T LT A= TIE Tyrd73 & OKRERSITERET. b
DIZTHelix3PB v — R EV T RART Yy NOELRDEAMAEOMBEENZTHZ EDBHLNEZR-T
W5, Z D& 9T transactivation TEFIICEBWTCIZY A K& U T KRR v MBI 2MEMEADOENK
& IEMEDTR ST ET 5,

Transrepression YEFIEHA 520272 5 TWVRWZ & 23% )5 PPARy Tl transrepression 1EH DR EHLIZ
WT U Y RIRAFRIIZ K367 D SUMO LKL Z 5 Z & 337> TV | SUMO kA /3 281X LXR T
LiETHD EEZ BN TS, £ Z T transrepression /EfIZ 81T 5 PPARy @ SUMO L EBAL (K367) &
LXRP (28T 5 SUMO bz L (K410 & K488) 24 H3 %, Transrepression 1E/fl #4925 PPARy 7 =
=ANTHDHET Y XYL PPARy & Offidui#kiE &, Transrepression {EFH A A9 % LXRB 7 =X
TdbH GW3965 & LXRP & DfEfE% Fig. 2-4.12779,  PPARy 1231 Tl K367 23 LBP 127372 0 iE W
MEIZHDZ NN D, Tbh, VA KE LBP OMAEHOEICE D a7+ A—v a3 V&
MRESHET D EEZOND, AMIERRLEGDED L, FAVT A=A FORERICBIT 230 7+
A= a N SUMOLIZE W TR BAMZIRETHD, 22N/ —V LT I=A R, TUHI=R
N EZE L TOLKIEFET SUMO LB Z VI War T 4 A=Vl > TNDH DT/ L HEZR SN
%, —J7 T, LXR @ transrepression {EMIZH\TldL, PPARy DA & b#gd 2% & SUMO fLiihr (FFic
K410) 75 LBP M HIEVMLEIZH D Z L3305, $780H LXR TIZY > KL LBP & DA/ &
DAL T4 A=y a VEORBEEZITIC VOTIEHRW O EEZZ DD, ZOX S REEND LXRIC
BWTIXY H v MEEDZEIIZ L S transactivation 1EH DZEAL & 13d HFEEEARSL LT transrepression 1EH
EHERFT 2 2 LN TE, EORER transrepression TEHZH 327 & 2= F OAIR T2 D TiElawn
MmEEZD,
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Figure 2-4. AR XBEEBEICBITIB VT FRry b SUMOLZRIT DY U BEDIE
(E:PPARy v 7Y 2V T : LXRB & GW3956)
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INFEFTIEBENTFEREZY 7y hELTELOEERMDVAIRI N TEEN, TRHDEL 1T
transactivation fEfIICE B L72b DO TH D Z &b, transrepression {EH OEAN HRIEZE D X 9 72
transactivation {EHHLOENZEENICIC —FZEC DI ENHRLIOTIER N EEZE 2D, Ll
AN ’5\ transrepression {EFIEE DA N= X LD —8058 NI > TV D25, U Ty RIE#HZR &R

LRI NE LTS TN D, ZZTIHY RN GOT 7o —F %79 Z & THLWARZ AHE 50T
X ninEBx HREIT- T2,

AWFFETlE, PPARy (233 T transactivation /£ & transrepression 1EFIDfi 5 & FF> VU 472 K Lo
BID 72 o 72 Z & D6 | transactivation YEH OTEMEZE(LIZ I U T transrepression 1EAIAS E D X 5 1228k 3 %
2o, WER OB OFEBIBIR & MREE LT, TORER, 20 2 SOEMITFE L CE(LT 2Hm N H 5D Z &M
B0 L2572, T PPARy Tl transrepression fEFIZ W TEEE /e Lys367 28U v RiEER 7 » b
OITFHALE L TH Y | transactivation fEF OZKIZ LD PPARy D22 7 4 A—3 a U LD B % %)
RT WD TIERO D EEZ D,

BIfE PPARy DV 7 IR TIE 7 AT I =2 MEMRBUZIB W TEEZR Thyd73 L OKERKEEZET,
OEAL COMBENERZRE ST D2 L TR A =y LT T2 fREV 2 L—F — DA Th
TWo, LrL72RDN 5, transrepression {EH DA Z7x9 U 77> K| BIG transrepression fEH Z7~47 % =
=AMERAIRT DT EROL YR T e —FTIREELWEERXOND, TDOXH 7Y T FOAIRIZ
IZ. PPARy @ Lys367 ® SUMO {LREZHRIEIZ A7 UV —= 7 %470, BEFOT I=A h L3R 556
R ERFSU T RERHT R L, o7 7a—F 2Rl Ao 0ERHL EE 2D,
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EBRIE

1. Biology

1-1 Cell culture
HEK293 cells, Hela cells were cultuered in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented

with 10% fetal bovine serum and penicillin and streptomycin at 37 °C in a humidified 5% CO- incubator.

1-2 Preparation of pPCMV-hHMGCR(ACatalytic domain)-ELuc vector

Sgfl
Sofl
pCMV-AC = MCS [ SgfiMiul pCMV-SgfiiMiul
-FLAGELuc | Miul | digestion -FLAGELuc Miut
7.6kb FLAG
FLAG CIAP 7.6kb
dephospho
Eluc rylation Eluc
Sgfl & Mlul digestion hHMGCR
ey Sofl Sqfl
HaloTag. |/ me hHMGCR Sqfl \
hHMGCR
pCMV-hHMGCR
FN21A-HT- PCR -FLAGELuc
P HMGCR > Sgfl-hHMGCR- 10.2kb
7.4kb N +Miul Miul
Prnel 2.7kb Miul

ELuc

PCR

Dpnl digestion

hHMGCR(ACaralytic domain) SgﬂNﬁM GCR(ACartalytic domain)

Sgfl

pPCMV-hHMGCR

j
(ACatg!ﬂJc Miul Self-ligation Wil
domain. l B —— i

FLAGELuc FLAG FLAG

8.8 kb
ELuc ELuc
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1-3 Stable cell line expressing hHMGCR(ACatalytic domain)-ELuc

HEK?293 cells were seeded onto 3.5 cm dish. After overnight culture, the cells were transfected with pCMV-
hHMGCR(ACatalytic domain)-ELuc. Cells stably expressing hHMGCR(ACatalytic domain)-ELuc were
obtained by applying selection pressure with G418.

1-4 Luciferase assay for HMGR degradation

HEK293 cells stably expressing hHMGCR(ACatalytic domain)-ELuc were plated onto a 96 well plate. After
48 h, cells were treated with the test compounds or DMSO pre-diluted with DMEM (final DMSO concentration
was 0.1%). After 4 h, cells were assayed for luciferase activity with a Wallac ARVO SX 1420 Multilabel Counter
(PerkinElmer).

1-5 Photoaffinity Labeling

Membrane fraction was prepared from HEK293 cells or HEK293 cells ably expressing hHMGCR(ACatalytic
domain)-ELuc which were pre-teated 3 uM compacitn for 16 h. The membrane fraction (98 uL, adjusted to 2.0
jg total protein) were incubated with srpDHY or srpDHY and compound 13 for 30 min. Then, the samples were
irradiated with UV (365 nm) for 1 or 3min using LED365-SPT/L. The membrane fractions were lysed and
denatured by adding 1/10 volume of 10% [w/v] SDS -10% [v/v] Triton X-100 stock solution on ice for 30 min.
Solubilized membrane was mixed with biotin-PEG3-azido (5uM in DMDO, 1pL) by gentle pipetting . Click
reaction was performed. Click reaction mixture were prepeared by vortexing 2.5uL of 100 mL aqueous CuSO4,
113 pL of water, 7.5uL of 1.7 mM TBTA in 'BUOH/DMSO(4:1, v/v), 31.3uL of 200 mM aminoguanidine, and
62.5uL of fresgly prerpared 100 mM sodium acscorbinate. To the membarane ftactions contaninig biotin-
PEG3-azido (112.5pL) was added 12.5pL each of this ckick reaction mixture, and the mixtures were incubatef
at room temperature for 1 h. After the click reaction, the mixtures were diluted 10-fold with 1125 pL of TNET
supplemented with cOmplete protease inhibitor cocktail. The diluted mixtures was mixed with pre-washed anti-
FLAG M2 magnetiv beads and the mixtures were roated overnight at 4 °C. The beas were washed with 400uL
of TBS twicw, and 400uL TNET and eluted with 15uL of 1xSDS sample buffer heating 37 for 30 min and
cooled on ice for 15 min. SDS-PAGE, transfer to PVDF membranes and blocking the membranes were probed
with immunoPure streptavidin-HRP (Pierce, x12,000 in TBST) for 1 h and chemeiluuminescence detection was
performed. Similarly, the membranes were re-probewdwith anti-FLAG antibody after stripping.

1-6 Luciferase reporter assay for transactiovation

Hela cells were plated onto a 96 well plate. After 24 h, cells were transfected plasmids (PPARy, PPRE-Luc, -
glacsitase) with Lipofectamin 2000 (Thermo Fisher). After 24h, the test compounds or DMSO pre-diluted with
DMEM (final DMSO concentration was 0.5%). After 24 h, cells were assayed for luciferase activity with a
Wallac ARVO SX 1420 Multilabel Counter (PerkinElmer).

1-7 Luciferase reporter assay for transrepression

Hela cells were plated onto a 96 well plate. After 24 h, cells were transfected plasmids (PPARy, NFKBRE-Luc,
B-glacsitase) with Lipofectamin 2000 (Thermo Fisher). After 24h, the test compounds or DMSO pre-diluted
with DMEM (final DMSO concentration was 0.5%). After 2 h, cells were stimulated with 10 nM TPA. After 4
h, cells were assayed for luciferase activity with a Wallac ARVO SX 1420 Multilabel Counter (PerkinElmer).
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2. Chemistry

1-1 General Comments

All chemical reagents and solvents were purchased from Sigma-Aldrich, Kanto Chemical Industry and Wako
Pure Chemical Industries, and used without further purification. Moisture sensitive reaction were performed
under an atmosphere of argon, unless otherwise noted, and monitoredby thin-layerchromatography (TLC.
Merck silica gel 60 F254 plate). Bands were visualized using UV light or by application of appropriate reagents
followed by heating. Flashchromatography was carried out with silica gel (Silica gel 60 N, 40-50 um particle
size) purchased from Kanto Chemical. NMR spectra were recorded on a JEOL. JNM-ECA500 (500MHz)
spectrometer, operating at 500 MHz for *H NMR and at 125 MHz for *C NMR. Proton and carbon chemical
shifts are expressed in & values (ppm) relative to internal tetramethylsilane (0.00 ppm), residual CHCI; (7.26
ppm) for *H NMR and intenal tetramethylsilane (0.00 ppm) or CDCl; (77.16 ppm) for *3C NMR. Data are
reported as follows chemical shift, multiplicity (s, singlet: d, doublet; t, triplet: q, quartet; m, multiplet: br, broad),
coupling constants (Hz), and integration. High-resolution mass spectrum was recorded using a Bruker

micrOTOF IImass spectrometer.

2-2 Synthesis of SR12813 derivatives
tetraethyl 2-(4-hydroxyphenyl)ethenylidene-1,1-bisphosphonate (2)

( General Procedure 1)
o

1
o 0%

(0]
The knoevenagel condensation of aldehydes and methylenediphosphonates was performed by the method

reported by Lehnert, W. et al. [Lehnert W (1974) Knoevenagel kondensationen mit TiCls/base-1V :
Umsetzungen von aldehyden und ketonen mit phosphonoessigester und methylendiphosphonséaureestern.
Tetrahedron 30: 301-305].

To a solution of 4-hydroxybenzaldehyde (248 mg, 2.03 mmol) in dry THF (6 mL) was slowly added TiCl, (0.69
mL, 6.1 mmol) at 0 °C under Ar. To the resulting mixture was added tetraethyl methylenebisphophonate (0.710
mL, 2.84 mmol), and the mixture was treated dropwise with N-methylmorpholine (1.34 mL, 12.2 mmol) at 0
°C. The reaction was allowed to warm up to the ambient temperature and stirred for 3 h. The reaction was cooled
to 0 °C, and quenched by adding ice tips followed by saturated aqueous NH4CI solution. The mixture was
extracted with AcOEt, and the organic layer was washed with water and brine, dried over MgSQO.,, and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(ACOEt/CH.Cl,/MeOH 10/10/0 to 10/10/1) to afford the title compound (732 mg, 1.87 mmol, 92%) as pale

yellow oil..
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IH-NMR (CDCls, 500 MHz, 8): 9.64 (s, 1H), 8.24 (dd, J = 49.0, 29.5 Hz, 1H), 7.74 (d, J = 9.0 Hz, 2H), 6.90 (d,
J=9.0 Hz, 2H), 4.21-4.15 (m, 4H), 4.12-4.06 (m, 4H), 1.37 (t, J = 7.2 Hz, 6H), 1.24 (t, J = 7.2 Hz, 6H).
13C-NMR (CDCls, 125 MHz, 8): 162.80, 161.13, 133.83 (2C), 125.14 (dd, J = 21.6, 8.4 Hz), 115.64 (2C), 113.05
(dd, J = 173.9, 169.1 Hz), 62.73 (d, J = 6.0 Hz, 2C), 62.57 (d, J = 6.0 Hz, 2C), 16.26 (d, J = 6.0 Hz, 2C), 16.04
(d, J = 6.0 Hz, 2C).

31p-NMR (CDCls, 202 MHz, §): 18.62 (d, J = 51.2 Hz, 1P), 13.82 (d, J = 51.2 Hz, 1P).

HRMS-ESI (m/z): [M - H] calcd for C1sH2607P2, 391.1081; found, 391.1093.

3-tert-butyl-4-hydroxybenzaldehyde (4)
(0]
‘Bu

HO
To oxidize the methyl group on 3-tert-butyl-p-cresol, DDQ/MeOH condition was applied [Bird, C. W. and

Chauhan, Y. -P. S. (1980) A convenient synthess of p-hydroxybenzaldehydes. Org. Prep. Procedures Int. 12,
201-202]. Note that the DDQ oxidation of this particular cresol was reported to give poor yield of the aldehyde
(<5%), due to oxidative coupling of the cresol [Hewgill, F. R. and Howie, G. B. (1978) On the oxidation of 2-
t-butyl-p-cresol. Aust. J. Chem. 31, 907-917]. A Cobalt-catalyzed aerobic oxidation (1mol% Co(OAc),, 1 atm
02, 6eq NaOH in ethyleneglycol, 80 °C for 10 h) was also tested, but the yield was quite low (4.2%) [Jiang J-
A. et al. (2014) Efficient Co(OAc)2-catalyzed aerobic oxidation of WWG-substituted 4-cresols to access 4-
hydroxybenzaldehydes. Tet. Lett. 55, 1406-1411].

A solution of 2-tert-butyl-p-cresol (386 mg, 2.35 mmol) in MeOH (3 mL) was treated with a solution of DDQ
(1068 mg, 4.70 mmol) in MeOH (5 mL), and the solution was stirred at the ambient temperature for 3 h. After
evaporation of the solvent, the residue was suspended in CHCIs/MeOH (10/1) and filtered through a pad of
silica gels to remove insoluble materials. Purification by flash column chromatography (hexane/AcOEt 5/1 to
4/1) gave the aldehyde (76.4 mg, 0.429 mmol, 18%) as pale brown oil. Rf = 0.25 (hexane/AcOEt 2/1).
IH-NMR (CDCls, 500 MHz, §): 9.85 (s, 1H), 7.84 (d, J = 2.3 Hz, 1H), 7.64 (dd, J = 8.0, 2.3 Hz, 1H), 6.83 (d, J
= 8.6 Hz, 1H), 6.28 (br s, 1H), 1.44 (s, 9H).

13C-NMR (CDCls, 125 MHz, 8): 191.64, 160.41, 137.05, 130.09, 129.64, 129.61, 117.00, 34.70, 29.28 (3C).
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tetraethyl 2-(3-tert-butyl-4-hydroxyphenyl)ethenylidene-1,1-bisphosphonate (5)

o
‘Bu D/\(%(OE”Z
HO E(OEt)z
To a solution of OGK2136 (85.2 mg, 0.478 mmol) in dry THF (4 mL) was slowly added TiCl, (0.160 mL, 1.46
mmol) at 0 °C under Ar. To the resulting mixture was added tetraethyl methylenebisphophonate (0.119 mL,
0.478 mmol), and the mixture was treated dropwise with N-methylmorpholine (0.315 mL, 2.87 mmol) at 0 °C.
The reaction was allowed to warm up to the ambient temperature and stirred for 18 h. The reaction was cooled
to 0 °C, and quenched by adding ice tips followed by saturated aqueous NH4CI solution. The mixture was
extracted with AcOEt, and the organic layer was washed with water and brine, dried over MgSQO., and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(AcOEt/CH2Cl,/MeOH 100/100/2 to 100/100/5 to 100/100/10) to afford the title compound (46.8 mg, 0.104
mmol, 22%) as red oil. Rf = 0.25 (AcOEt/CH.Cly/MeOH 10/10/1).
'H-NMR (CDCls, 500 MHz, 8): 9.46 (s, 1H), 8.25 (dd, J = 49.0, 29.5 Hz, 1H), 7.79 (dd, J = 8.6, 2.3 Hz, 1H),
7.57 (d, J = 2.3 Hz, 1H), 6.89 (d, J = 8.6 Hz, 1H), 4.22-4.15 (m, 4H), 4.13-4.08 (m, 4H), 1.37 (t, J = 7.2 Hz,
6H), 1.37 (s, 9H), 1.24 (t, J = 6.9 Hz, 6H).
BC-NMR (CDCls, 125 MHz, §): 163.79, 160.25, 135.80, 132.56, 130.91, 124.59 (dd, J = 21.6, 8.4 Hz), 116.84,
111.34 (dd, J = 174.5, 169.7 Hz), 62.63 (d, J = 6.0 Hz, 2C), 62.48 (d, J = 4.8 Hz, 2C), 34.67, 29.25 (3C), 16.29
(d, J=7.2 Hz, 2C), 16.05 (d, J = 7.2 Hz, 2C).
3P-NMR (CDCls, 202 MHz, 8): 19.36 (d, J = 52.0 Hz, 1P), 14.34 (d, J = 52.0 Hz, 1P).
HRMS-ESI (m/z): [M - H] calcd for C2H340,P», 447.1707; found, 447.1722.

tetraethyl 2-(4-hydroxy-3,5-di-tert-butylphenyl)ethan-1,1-bisphosphonate (6)
i
‘Bu P(OEt),

P(OEt),
11
o

HO

‘Bu
To a solution of SR12813 (33.6 mg, 0.0666 mmol) in EtOH (1 mL) was slowly added LiBH, (20.1 mg, 0.923

mmol) at 0 °C, and the reaction mixture was stirred for 1 h at the ambient temperature. Additional portion of
LiBH4 (24.2 mg, 1.11 mmol) was added at the temperature, and the bright yellow suspension was stirred for 16
h. The reaction was cooled to 0 °C, and quenched by adding saturated aqueous NH4CI solution. The colorless
mixture was extracted with AcOEt, and the organic layer was washed with water and brine, dried over MgSQs,
and concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(ACOEt/CH:Cl/MeOH = 50/50/1 to 10/10/1) to afford the title compound (21.0 mg, 0.0415 mmol, 62%) as

colorless oil. Rf = 0.25 (AcOEt/CH.Cl,/MeOH 10/10/1), slightly more polar than the starting material.
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IH-NMR (CDCls, 500 MHz, 3): 7.07 (s, 2H), 5.08 (s, 1H), 4.14-4.04 (m, 8H), 3.17 (td, J = 16.6, 6.3 Hz, 2H),
2.64 (tt, J = 24.1, 6.3 Hz, 1H), 1.42 (s, 18H), 1.27 (t, J = 7.2 Hz, 6H), 1.25 (t, J = 7.2 Hz, 6H).

13C-NMR (CDCls, 125 MHz, 3): 152.29, 135.57 (2C), 130.08 (t, J = 7.2 Hz), 125.44 (2C), 62.46 (d, J = 6.0 Hz,
2C), 62.31 (d, J = 6.0 Hz, 2C), 39.47 (t, J = 131.4 Hz), 34.24 (2C), 31.05 (t, J = 4.8 Hz), 30.27 (6C), 16.29 (d,
J=7.1Hz, 4C).

31p-NMR (CDCls, 202 MHz, §): 23.05.

HRMS-ESI (m/z): [M - H]" calcd for CasHasO+P2, 505.2490; found, 505.2483.

tetraisopropyl 2-(3,5-di-tert-butyl-4-hydroxyphenyl)ethenylidene-1,1-bisphosphonate (8)

0
‘B P(O'P
u X (O'Pr),
P(O'Pr
HO ||( )2
o

Bu
To a solution of 3,5-di-tert-butyl-4-hydroxybenzaldehyde (0.469 g, 2.0 mmol) in dry THF (4 mL) was added

titanium tetrachloride (0.658 mL, 6.0 mmol), tetraisopropyl methylenediphosphonate (0.910 mL, 2.8 mmol),
N-methylmorpholine (1.25 mL, 11.4 mmol) at 0°C under argon atmosphere. After stirring for 4 h at room
temperature, saturated aqueous ammonium chloride was added. THF was removed under reduced pressure. The
residue was extracted with EtOAc and washed brine, combined organic layers were dried over Na,SO,, filtered,
and concentrated under reduced pressure. The crude product was purified by column chromatography on silica
gel (EtOAcC : Hexane = 4 : 1) to give title compound as a pale yellow solid (0.8315 g, 74%).

'H-NMR (500 MHz, CDCls) & 8.20 (dd, J = 48.1, 30.4 Hz, 1H), 7.77 (s, 2H), 5.60 (s, 1H), 4.83-4.74 (m, 2H),
4.72-4.63 (m, 2H), 1.44 (s, 18H), 1.39 (d, J = 5.7 Hz, 6H), 1.35 (d, J = 6.3 Hz, 6H), 1.22 (d, J = 5.7 Hz, 6H),
1.16 (d, J =5.7 Hz, 6H)

tetraisopropyl 2-(3,5-di-tert-butyl-4-hydroxyphenyl)ethan-1,1-bisphosphonate (10)
(General Procedure 1)
i

‘Bu P(O'Pr),

P(OPr),

11

o

Bu

To a solution of tetraisopropyl methylenediphosphonate (347 mg, 1.01 mmol) in dry THF (5 mL) was added
nBuLi (0.61 mL, 0.958 mmol) at -78 °C under argon atmosphere. After 10 min, to the solution was added
solution of 3, 5-di-tert-butylbenzyl bromide (9) (90.8 mg, 0.321 mmol) and TBAI (22.7 mg, 0.0615 mmol).

After stirring for 16 h at room temperature, water was added and the residue was extracted with EtOAc and
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washed water and brine, combined organic layers were dried over Na.SO., filtered, and concentrated under
reduced pressure. The crude product was purified by column chromatography on silica gel (EtOAc: DCM =1:
1) to give title compound as a colorless solid (126.5 mg, 72%).

'H-NMR (CDCls, 500 MHz, 8): 7.25 (s, 1H), 7.10 (s, 2H), 4.79-4.70 (m, 4H), 3.21 (td, J = 16.5, 6.0 Hz, 2H),
2.59 (tt, J = 24.0, 6.0 Hz, 1H), 1.31-1.29 (m, 30H), 1.23 (d, J = 6.3, 6H), 1.20 (d, J = 6.3, 6H).

13C-NMR (CDCls, 125 MHz, §): 150.36, 138.97 (t, J = 7.2 Hz, 2C), 123.17 (2C), 120.28, 71.11 (t, J = 3.6 Hz,
2C), 70.83 (t, J = 3.0 Hz, 2C), 40.89 (t, J = 133.8 Hz), 34.75 (2C), 32.00 (t, J = 4.8 Hz), 31.49 (6C), 24.17 (4C),
23.88 (t, J = 2.4 Hz, 2C), 23.70 (t, J = 2.4 Hz, 2C).

$IP-NMR (CDCls, 202 MHz, §): 21.05 (s, 2P).

4-(Bromomethyl)-2,6-di-tert-butylpyridine (12)

Bu
N Br
|

N~

Bu
To a solution of 2,6-di-tert-buty-4-methyllpyridine (577.6 mg, 32.81 mmol) in dry DCM (9 mL) was added
NBS (521.5 mg, 3.37 mmol) and AIBN (92.4 mg, 0.563 mmol) at room temperature under argon atmosphere.
The solution was stirred with irradiating light and adding AIBN every other hour at 85 °C. After stirring for 4 h,
haxane was added and the white precipitation was filtered to get the crude product of title compound. This crude

compound was used in next reaction without further purification.

tetraisopropyl 2-(-2,6-di-tert-butylpyridine)ethan-1,1-bisphosphonate (13)

(General Procedure 1)

ﬁ
B P(OEt
u | X (OEt),
N _— P(OEt),
11
(0]
Bu

To a solution of tetraisopropyl methylenediphosphonate (1.21 mL, 3.74 mmol) in dry THF (8 mL) was added
nBuLi (2.17 mL, 3.37 mmol) at -78 °C under argon atmosphere. After 10 min, to the solution was added solution
of 4-(Bromomethyl)-2,6-di-tert-butylpyridine (12) (531 mg, 1.87 mmol) and TBAI (138 mg, 0.374 mmol). After
stirring for 48 h at room temperature, water was added and the residue was extracted with EtOAc and washed
brine, combined organic layers were dried over Na,SOy, filtered, and concentrated under reduced pressure. The
crude product was purified by column chromatography on silica gel (EtOAc : DCM = 1 : 1) to give title
compound as a pale yellow oil (0.8315 g, 74%).

'H-NMR (CDCls, 500 MHz, ): 6.99 (s, 2H), 4.80-4.71 (m, 4H), 3.15 (td, J = 16.3, 6.3 Hz, 2H), 2.56 (tt, J =
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24.1, 6.3 Hz, 1H), 1.33 (s, 18H), 1.31 (d, J = 6.3 Hz, 12H), 1.23 (d, J = 6.3 Hz, 6H), 1.22 (d, J = 6.3 Hz, 6H).
13C-NMR (CDCls, 125 MHz, 3): 167.30 (2C), 148.46 (t, J = 7.2 Hz), 116.01 (2C), 71.37 (t, J = 3.5 Hz, 2C),
71.06 (t, J = 3.5 Hz, 2C), 40.02 (t, J = 135.0 Hz), 37.50 (2C), 31.67 (t, J = 4.8 Hz), 30.17 (6C), 24.15 (4C),
23.92-23.86 (m, 2C), 23.76 -23.71 (m, 2C).

31p-NMR (CDCls, 202 MHz, 5): 20.47 (s, 2P).

tetraisopropyl 2-(3,5-di-trimethylsilyl-4-hydroxyphenyl)ethan-1,1-bisphosphonate (15)

0

™S P(OPr),

P(OPr),

11

(0]

TMS

This compound was prepared from 14 (33.4 mg, 0.105 mmol) by means of GP-1. A colorless oil (10.9 mg, 0.019
mmol, 18%).

'H-NMR (CDCls, 500 MHz, §): 7.47 (s, 1H), 7.38 (d, 1.2 Hz, 1H), 4.77-4.69 (m, 4H), 3.21 (td, J = 16.0, 6.3 Hz,
2H), 2.56 (tt, J =24.1, 6.3 Hz, 1H), 1.30 (d, J = 6.3 Hz, 12H), 1.23 (d, J = 6.3 Hz, 6H), 1.18 (d, J = 6.3 Hz, 6H),
0.25 (s, 18H).

13C-NMR (CDCls, 125 MHz, §): 139.23, 138.33 (t, J = 7.2 Hz, 2C), 136.15, 134.66 (2C), 71.22 (t, J = 3.6 Hz,
2C), 70.98 (t, J = 3.6 Hz, 2C), 40.99 (t, J = 133.5 Hz), 31.89 (t, J = 4.8 Hz), 29.78 (6C), 24.23 (4d, J = 6.0 Hz
4C), 23.97 (2C), 23.77 (t, J = 2.4 Hz, 2C).

$IP-NMR (CDCls, 202 MHz, §): 21.75 (s, 2P).

HRMS-ESI (m/z): [M +Na]* calcd for Cy6Hs,06P2Si», 601.2670; found, 601.2657

tetraisopropyl 2-(3,5-bis-trifluoromethyl-4-hydroxyphenyl)ethan-1,1-bisphosphonate (17)

i

F3C P(OPr),

P(OPr),

11

(0]

CF;

This compound was prepared from 16 (217 mg, 0.826 mmol) by means of GP-1. A colorless oil (409 mg, 0.717
mmol, 87%).

IH-NMR (CDCls, 500 MHz, 8): 7.76 (s, 2H), 7.73 (s, 1H), 4.82-4.75 (m, 4H), 3.33 (td, J = 16.2, 6.5 Hz, 2H),
2.47 (tt, J = 24.1, 6.3 Hz, 1H), 1.34 (d, J = 6.3 Hz, 6H), 1.31 (d, J = 5.7 Hz, 6H), 1.25 (d, J = 5.7 Hz, 6H), 1.24
(d, J =5.7 Hz, 6H).

13C-NMR (CDCls, 125 MHz, §): 142.49 (t, J = 7.8 Hz, 2C), 131.32 (q, J = 33.2 Hz), 129.64 (2C), 123.39 (g, J
= 272.7 Hz, 2C), 120.37 (t, J = 3.6 Hz), 71.71-71.64 (m, 2C), 71.43-71.38 (m, 2C), 40.17 (t, J = 134.4 Hz),
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31.63 (t, J = 4.8 Hz), 24.09 (4C), 23.90-23.86 (m, 2C), 23.78 -23.72 (m, 2C).
3IP-NMR (CDCls, 202 MHz, 8): 19.63 (s, 2P).

tetraisopropyl 2-(3-iodo-5-tert-butyl-4-hydroxyphenyl)ethan-1,1-bisphosphonate (20)
0
‘Bu P(O'Pr),
P(OPr),
11

(0]
|

This compound was prepared from 19 (975 mg, 2.76 mmol) by means of GP-1. A pale yellow oil (396 mg,
0.643 mmol, 48% (2 steps)).

IH-NMR (CDCls, 500 MHz, 8): 7.52 (t, J = 1.7, 1H), 7.43 (s, 1H), 7.21 (s, 1H), 4.78-4.69 (m, 4H), 3.12 (td, J
=16.1, 5.8 Hz, 2H), 2.45 (it, J = 24.1, 6.3 Hz, 1H), 1.31-1.25 (m, 33H).

13C-NMR (CDCls, 125 MHz, §): 153.44, 142.10 (t, J = 7.2 Hz), 135.42, 132.63,125.67, 94.29, 71.44 (t, J = 3.6
Hz, 2C), 71.18 (t, J = 3.6 Hz, 2C), 40.91 (t, J = 133.5 Hz), 34.78, 31.46 (t, J = 4.8 Hz), 31.30 (3C), 24.27 (4C),
23.99 (d, J = 2.4 Hz, 2C), 23.87 (d, J = 2.4 Hz, 2C).

3IP-NMR (CDCls, 202 MHz, §): 21.34 (s, 2P).
HRMS-ESI (m/z): [M +Na]* calcd for C24H4306P2l, 639,1427; found, 6391445

tetraisopropyl 2-(3-azido-5-(tert-butyl))ethan-1,1-bisphosphonate (21)
0
‘Bu P(OPr),
P(O'Pr),
11

o
N3
To a solution of 19 (116.4 mg, 0.189 mmol) in EtOH (2.7 mL) and water (1.8 mL) was added NaNs (24.5 mg,

0.378 mmol), t-DMACH (4.5 mL, 0.028 mmol), Cul (3.6 mg, 0.019 mmol) and L-sodium ascorbinate (1.9 mg,
0.0095 mmol), then degassed by sonication at room temperature. The solution was refluxed. After stirring for
40 h, the solution was extracted by CHCIs; and EtOAc, combined organic layers were dried over Na,SOs., filtered,
and concentrated under reduced pressure. The crude product was purified by column chromatography on silica
gel (EtOAc : DCM : MeOH=10: 10 : 1) to give title compound as a pale yellow oil (13.7 mg, 56%).
'H-NMR (CDCls, 500 MHz, 6): 7.06 (s, 1H), 6.84 (s, 1H), 6.80 (s, 1H) 4.81-4.70 (m, 4H), 3.18 (td, J = 16.6,
6.3 Hz, 2H), 2.49 (tt, J = 36.7, 5.8 Hz, 1H), 1.31-1.25 (m, 33H).
13C-NMR (CDCls, 125 MHz, §): 153.19, 141.78, 139.41, 123.08,116.93, 114.40, 71.22 (t, J = 3.6 Hz, 2C), 71.18
(t, J = 3.6 Hz, 2C), 40.86 (t, J = 133.5 Hz), 34.92, 31.46 (t, J = 4.8 Hz), 31.32 (3C), 24.27 (4C), 23.99 (d, J =
2.4 Hz, 2C), 23.87 (d, J = 2.4 Hz, 2C).
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3IP-NMR (CDCls, 202 MHz, §): 21.49 (s, 2P).
HRMS-ESI (m/z): [M +Na]* calcd for C24H4306P2l, 639,1427; found, 554.24

tetraisopropyl 2-(3-azido-5-(tert-butyl))ethan-1,1-bisphosphonate (22)
i
‘Bu P(OPr),
P(O"Pr)z
11
(0]

™S
To a solution of 19 (123.5 mg, 0.200 mmol) in THF (2.0 mL) was added TMS-acetylene (69.2 uL, 0.500 mmol),

triethylamine (69.3 pL, 0.500 mmol), PdCI,(PPhs) (11.2 mg, 0.016 mmol) and Cul (1.5 mg, 0.0080 mmol) at
room temperature. After stirring for 24 h, the solution was extracted by DCM, combined organic layers were
dried over Na;SOq, filtered, and concentrated under reduced pressure to give title compound as a brown oil
(108.8 mg, 93%).

IH-NMR (CDCls, 500 MHz, 5): 7.31 (s, 1H), 7.24 (s, 2H), 4.79-4.72 (m, 4H), 3.16 (td, J = 16.6, 6.3 Hz, 2H),
2.49 (tt, J = 24.1, 6.3 Hz, 1H), 1.31-1.24 (m, 33H), 0.23 (s, 9H).

tetraisopropyl 2-(3-ethnyl-5-(tert-butyl)benzene)ethan-1,1-bisphosphonate (23)
i
‘Bu P(OPr),
P(O'Pr),
11
o

To a solution of 13 (66.9 mg, 0.126 mmol) in MeCN (1.0 mL) was added LiBr (11.0 mg, 0.126 mmol) at room
temperature, then the solution was refluxed. After stirring for 24 h, 1 M HCI was added.Tthe solution was
extracted by DCM, combined organic layers were washed with brine, dried over Na;SO., filtered, and
concentrated under reduced pressure to give title compound as a pale pink oil (20.1 mg, 23.3%).

'H-NMR (CDCls, 500 MHz, §): 6.99 (d, J = 2.0 Hz, 2H), 4.83-4.67 (m, 3H), 3.72 (t, J = 10.9 Hz, 3H), 3.20-
3.11 (m, 2H), 2.62 (tt, J = 24.3, 6.3 Hz, 1H), 1.35-1.30 (m, 24H), 1.28-1.18 (m, 12H).

13C-NMR (CDCls, 125 MHz, §): 167.41 (2C), 148.24-148.13 (m), 115.19 (2C), 71.54 (dd, J = 49.8, 6.6 Hz),
71.37 (dd, J = 35.4, 7.8 Hz, 2C), 53.03 (dd, J = 77.4, 6.6 Hz), 39.27 (td, J = 134.7, 30.4 Hz), 37.49 (2C), 31.40
(dd, J=10.8, 4.8 Hz), 30.14 (6C), 24.20-23.61 (m, 6C).

$IP-NMR (CDCls, 202 MHz, §): 23.11 (dd, J = 45.7, 2.3 Hz, 1P), 20.13 (dd, J = 22.5, 3.9 Hz, 1P)
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2-(-2,6-di-tert-butylpyridine)ethan-1,1-bisphosphonic acid tri-isopropyl ester (24)

(General Procedure 2)

i
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N P
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Bu

To a solution of 22 (108.8 mg, 0.185 mmol) in MeOH (2.0 mL) was added K>COs (3.0 mg, 0.0217 mmol) at
room temperature. After stirring for 24 h, the solution was extracted with DCM, combined organic layers were
washed with brine, dried over Na,SOy, filtered, and concentrated under reduced pressure. The crude product
was purified by column chromatography on silica gel (EtOAc : DCM : MeOH= 3.5 : 3.5 : 1) to give title
compound as a pale yellow oil (24.9 mg, 18%).

'H-NMR (CDCls, 500 MHz, 3): 6.93 (s, 2H), 4.91-4.87 (m, 1H), 4.55 (s, 1H), 4.41-4.35 (m, 1H), 3.34-3.23 (m,
1H), 2.95-2.86 (m, 1H), 1.44-1.14 (m, 30H), 0.89 (d, J = 5.8, 3H), 0.84 (d, J = 5.7, 3H).

13C-NMR (CDCls, 125 MHz, 3): 167.00 (2C), 148.46, 116.36 (2C), 71.94, 70.47, 68.19, 37.48 (t, J = 135.0 Hz),
37.50 (2C), 31.67 (t, J = 4.8 Hz), 30.24 (6C), 24.15 (4C), 23.92-23.86 (m, 2C), 23.76 -23.71 (m, 2C).
$1P-NMR (CDCls, 202 MHz, §): 27.63 (s, 1P), 12.72 (s, 1P).
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triisopropyl-methyl-2-(-2,6-di-tert-butylpyridine)ethan-1,1-bisphosphonate (25)

To a solution of 24 (26.5 mg, 0.0524 mmol) in MeOH (2.0 mL) and THF (2.0 mL) was TMS-diazomethane
(0.075 mL, 0.150 mmol) at room temperature. After stirring for 2 h, the solution was quenched with EtOAc,
then water and NaHCO3; was added. The solution was extractedwith EtOAc, combined organic layers were
washed with water and brine, dried over Na,SQ,, filtered, and concentrated under reduced pressure. The crude
product was purified by column chromatography on silica gel (EtOAc : DCM = 10 : 10) to give title compound
as a fairly yellow oil (7.2 mg, 26%).

'H-NMR (CDCls, 500 MHz, 3): 6.99 (d, J = 2.0 Hz, 2H), 4.83-4.67 (m, 3H), 3.72 (t, J = 10.9, 3H), 3.20-3.11
(m, 2H), 2.62 (tt, J = 24.3, 6.3 Hz, 1H), 1.35-1.30 (m, 24H), 1.28-1.18 (m, 12H).

13C-NMR (CDCls, 125 MHz, §): 167.41 (2C), 148.24-148.13 (m), 115.19 (2C), 71.54 (dd, J = 49.8, 6.6 Hz),
71.37 (dd, J = 35.4, 7.8 Hz, 2C), 53.03 (dd, J = 77.4, 6.6 Hz), 39.27 (td, J = 134.7, 30.4 Hz), 37.49 (2C), 31.40
(dd, J=10.8, 4.8 Hz), 30.14 (6C), 24.20-23.61 (m, 6C).

$IP-NMR (CDCls, 202 MHz, §): 23.11 (dd, J = 45.7, 2.3 Hz, 1P), 20.13 (dd, J = 22.5, 3.9 Hz, 1P).
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triisopropyl-propargyl-2-(-2,6-di-tert-butylpyridine)ethan-1,1-bisphosphonate (27)

(General Procedure 3)

0
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To a solution of compound 24 (64.1 mg, 0.127 mmol) in 1.0 mL DCM was added oxalyl chloride (43.8 uL, 0.51
mmol) and DMF (4.0 uL, 0.051 mmol) at 0 °C. After 30 min stirring, the solution was stirred at room
temperature for 1 h. The solution was concentrated under reduced pressure to get crude product of compound
26. Compound 26 was used in next reaction without further purification. To the solution of compound 26 in 1.5
mL DCM was added 2-propyn-1-ol (15.0 uL, 0.254 mmol) and triethylamine (70.0 uL, 0.508 mmol) at 0 °C.
After 24 h stirring at room temperature, 1 N HCI was added, and the solution was extracted with EtOAc and
washed brine, combined organic layers were dried over Na,SOs, filtered, and concentrated under reduced
pressure. The crude product was purified by column chromatography on silica gel (EtOAc : Hexane =6: 1) and
PTLC (EtOAc: MeOH = 10:1) to give title compound as a colorless oil (6.1 mg, 8.8%).

'H-NMR (CDCls, 500 MHz, 8): 6.98 (s, 1H), 6.97 (s, 1H), 4.83-4.54 (m, 5H), 3.20-3.11 (m, 2H), 2.70-2.58
(m, 1H), 2.49-2.47 (m, 1H), 1.36-1.17 (m, 36H).
13C-NMR (CDCls, 125 MHz, §): 167.51 (2C), 148.19-148.02 (m) , 116.013 (2C), 78.70 (dd, J = 76.3, 6.0 Hz),
64.40 (dd, J = 76.3, 6.0 Hz), 39.65 (td, J = 134.7, 17.9 Hz), 37.60 (2C), 31.64 (d, 3.6 Hz) , 30.25 (6C), 24.35-
23.77 (m, 6C).
$IP-NMR (CDCls, 202 MHz, §): 23.79 (dd, J = 80.5, 4.6 Hz, 1P), 20.73 (dd, J = 29.4, 3.1 Hz, 1P).
HRMS-ESI (m/z): [M + Na]* calcd for C2;H470sNP2,566.2771; found,566.2770.

triisopropyl-butynyl-2-(-2,6-di-tert-butylpyridine)ethan-1,1-bisphosphonate (28)
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This compound was prepared from 24 (55.4 mg, 0.11 mmol) by means of GP-3. A pale colorless oil (5.7 mg,
0.010 mmol, 9.3%).

'H-NMR (CDCls, 500 MHz, §): 6.98 (s, 1H), 6.97 (s, 1H), 4.82-4.68 (m, 3H), 4.19-4.10 (m, 2H), 3.19-3.12
(m, 2H), 2.67-2.58 (m, 1H), 2.49-2.46 (m, 2H), 1.97-1.94 (m, 1H), 1.35-1.20 (m, 38H).
3C-NMR (CDCls, 125 MHz, 3): 167.51 (2C), 148.27 (t, J = 7.2 Hz) , 116.01 (2C), 80.04 (d, J = 15.5 Hz), 71.54
(dt, J =56.0, 7.2 Hz, 2C), 70.15 (d, J = 14.3 Hz), 64.40 (dd, J = 76.3, 6.0 Hz), 39.65 (td, J = 134.7, 17.9 Hz),
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37.60 (2C), 31.64, 30.26 (6C), 29.78, 24.33-23.77 (m, 6C), 20.96-20.87 (m).
3P-NMR (CDCls, 202 MHz, 6): 22.73 (dd, J = 61.9, 6.2 Hz, 1P), 20.98 (dd, J = 26.3, 4.6 Hz, 1P).
HRMS-ESI (m/z): [M + Na]* calcd for C2sHas0sNP2,580.2927; found,580.2917.

triisopropyl-hexyl-2-(-2,6-di-tert-butylpyridine)ethan-1,1-bisphosphonate (29)
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This compound was prepared from 24 (60.6 mg, 0.12 mmol) by means of GP-3. A colorless oil (4.5 mg, 0.0077
mmol, 7.0%).

'H-NMR (CDCls, 500 MHz, §): 6.97 (s, 2H), 4.77-4.70 (m, 3H), 4.06-3.95 (m, 2H), 3.15 (td, J = 17.4, 6.8 Hz,
2H), 2.48 (tt, J =21.2, 7.9 Hz, 1H), 1.31-1.22 (m, 46H), 0.86 (t, J = 6.0 Hz, 3H).
3C-NMR (CDCls, 125 MHz, 8): 167.39 (2C), 148.84, 115.95 (2C), 71.52-71.02 (m, 2C), 66.56 (dd, J = 98.3,
9.6 Hz), 39.55 (td, J = 215.8, 40.5 Hz), 37.53 (2C), 31.62, 31.40, 30.49 (t, J = 9.6 Hz), 30.20 (6C), 29.73, 25.20
(d, J =13.5 Hz), 24.20-23.79 (m, 6C), 22.55, 14.00.
3IP_NMR (CDCls, 202 MHz, §): 22.47 (dd, J = 35.6, 4.6 Hz, 1P), 21.27 (dd, J = 10.8, 3.1 Hz, 1P).
HRMS-ESI (m/z): [M + Na]* calcd for C3oHs70sNP-, 612.3553; found, 612.3532.

2-(3-azido-5-(tert-butyl)benzene)ethan-1,1-bisphosphonic acid tri-isopropy! ester (30)
i
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This compound was prepared from 21 (66.9 mg, 0.126 mmol) by means of GP-2. A pale yellow oil (11.2 mg,

0.023 mmol, 18.2%).
3P-NMR (CDCls, 202 MHz, §): 28.17 (s, 1P), 14.82 (s, 1P).
MS (FAB) m/z 512 (M+Na)".
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triisopropyl-2-ptoparugyl-2-(3-azido-5-(tert-butyl) benzene)ethan-1,1-bisphosphonate (srbAZY)
0
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Compound 30 (11.0 mg, 0.022 mmol) and Cs,COs3 (11.0 mg, 0.043 mmol) was dissolved in 150 uL. DMF at
room temperature. After 10 min stirring, to the solution was added 3-bromopropyne (5.8 uL, 0.067 mmol). After
72 h stirring, water and DCM was added, and the solution was washed with brine. The organic solvent was
evaporated, then flash column chromatography (EtOAc: Hexane = 5:1) and PTLC (EtOAc: MeOH = 10:1) was
used to get purified title compound as a pale yellow oil (1.71 mg, 14.7%).
A pale yellow oil (1.71 mg, 14.7%). *H-NMR (CDCls, 500 MHz, §): 7.06 (d, 1H), 6.84 (s, 1H), 6.78 (s, 1H),
4.786-4.64 (m, 3H), 3.18 (td, J = 15.4, 6.6 Hz, 2H), 2.64-2.47 (m, 3H), 1.36-1.22 (m, 27H).
MS (FAB) m/z 550 (M+Na)*.

2-(3-But-3-ynyl-3H-diazirin-3-yl)-ethyl-p-toluensulsonate (32)

N=N

'EO/A\/><V/\\$§

Compound 31 (22 uL, 0.172 mmol) was dissolved in 150 uL. DCM at 0 °C. After addition of pyridine (41.6 pL,
0.516 mmol), TEA (71.5uL, 0.516 mmol) and DMAP (1 mg), Tosyl chloride (98.3 mg, 0.516 mmol) dissolved
in 150 uL. DCM was added dropwise for 5 min. Then the reaction was stirred at room temperature overnight.
Enough 1 N HCI was added, and the solution was washed with ether twice. The organic solvent was evaporated,
then flash column chromatography (PE:EA=20:1) was used to get purified title compound as a yellow oil (28.1
mg, 50.3%).

'H-NMR (CDCls, 500 MHz, §): 7.81 (d, J = 8.6, 2.3 Hz, 2H), 7.36 (d, J = 5.1 Hz, H), 3.89 (t, J = 6.3Hz, 2H),
2.45 (s, 3H), 1.96-1.93 (m, 4H), 1.76 (t, J = 6.3 Hz, 2H), 1.60 (t, J = 7.2 Hz, 2H)

triisopropyl-2-(3-But-3-ynyl-3H-diazirin-3-yl)-2-(-2,6-di-tert-butylpyridine)ethan-1,1-bisphosphonate
(srpDHY)
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‘Bu N=N
Compound 24 (61.7 mg, 0.122 mmol) and Compound 32 (23.7 mg, 0.081 mmol) was dissolved in 600 uL. DCM
and 600 pL DMF at r.t. Then Cs,COs (79.2 mg, 0.243 mmol) was added. Then the reaction was stirred at 60 °C
for 72 h. Enough 1 N HCI was added, and t was extracted with EtOAc and washed brine, combined organic
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layers were dried over Na.SQ., filtered, and concentrated under reduced pressure. The crude product was
purified by column chromatography on silica gel (EtOAc : Hexane = 6 : 1) to give title compound as a colorless
oil (7.6 mg, 15%).

'H-NMR (CDCls, 500 MHz, §): 6.98 (d, J = 8.0 Hz, 2H), 4.86-4.66 (m, 3H), 4.01-3.93 (m, 2H), 3.19-3.11 (m,
2H), 2.67-2.54 (m, 2H), 2.02-1.94 (m, 3H), 1.78-1.65 (m, 4H), 1.26-1.19 (m, 36H).

3C-NMR (CDCls, 125 MHz, §): 167.41 (2C), 148.29-148.23 (m), 115.19 (2C), 82.62, 71.92-71.24 (m, 2C),
69.39 (d, J = 6.0 Hz), 61.41 (dd, J = 71.5, 6.0 Hz, 2C), 39.62 (td, J = 133.5, 20.7 Hz), 37.61 (2C), 34.17 (d, J =
6.7 Hz), 32.23 (d, J = 3.6 Hz), 31.67-31.58 (m), 30.26 (6C), 29.78, 26.24, 24.28-23.82 (m, 6C), 13.33.
$IP-NMR (CDCls, 202 MHz, §): 22.89 (dd, J = 57.2, 4.6 Hz, 1P), 20.92 (dd, J = 24.0, 3.1 Hz, 1P).

HRMS-ESI (m/z): [M + Na]* calcd for Cs1Hs306N3P2, 648.3302; found, 648.3295
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