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AgASAE Eheh= 72 4 F dn. FAHS] d AAdR, 7] L2 27

1) TPPER-Ee] Agd we ZAggs

$29] TRAP1 MitoQ(& wA|A oAl SMXe} Asmadow x8%)e A3 AATEE F=xshH, TRAPIY F71Y
protomerAtole]l A7} & 25A 0= MitoQe Ub®o]oE]9} TPP HolojE]zte] A7} A%EM aHl Aol
7bss geld 4= ok, 3, o yolrt GZA-TPP(LZ-TPPe] %+ =30 yeld) 2¢d ZAx=E Fushd,

octyl-TPPH-E] SB-TM2¢}e] A% Adto] 7}53s gdd = v},
%, 2 99 FFgE FxoA, PPl AE & AQI(CH),o deol7F C8olitel AV|E 7IXA =™, A7) 3

=2 TRAP1O] mapd o= Ajed = v, By A o2 TPPol ZAgd &7 Aol Aolrt (8ol 7]
2 7HAA =, A7) 3E-S TRAP19] CBS(client binding site)ol]l ZAgst 4= Q). m3H, o]z 3l AggHL

(
—

[ o

TPPete] A7t Eold 5, dlE Eof, &Z A9 Hol7l F7ls4& Aol Frisit. A Ao A,
FAAR o2 SMX(MitoQ)ete] A=< v|w3alA, dodecyl-TPP, tetradecyl-TPP, hexadecyl-TPP Z&t& o] SMXH)
Hl -3 Aog yepdth, sk, A oo, EHEe] &7 Ale] Aol7l 7} 71 hexadecyl-TPPolA] SMX
iy 26 st AES FASACH(E1 2 =4 7).

F 1

oh71-TPPe] TRAP1 2 3He 24 27}

ICs (uM), SB-TM2E o]&3F FP £
Drug I1Cso SMX oiv] €
TPP-1 N.D. N.D.
TPP-2 N.D. N.D.
TPP-4 N.D. N.D.
TPP-6 18.85 + 5.39 0.03
TPP-8 2.572 £ 0.258 0.24
TPP-10 0.6931 = 0.0578 0.90
TPP-12 0.3769 + 0.0354 1.65
TPP-14 0.3835 £ 0.0392 1.62
TPP-16 0.3091 = 0.0260 2.01
SMX 0.6227 £ 0.0375 1

) FAFEHAI-TPP A0l E

gakskA| el TPP7E Ad AFACIE(MitoQ, Mito-CP, SkQ1, Mito—VitEL, Mito-TEMPO, MitoQ , Mito-VitE,

Mito-CP'e] T2 k5o Uehi)E o] 88 A% ZAxs Fuad, &S IS 7145 Mito-TEMPO, Mito-CP’
As A dvh(E2 2 =6 Fan). =, ¥7le] HEE A7k TRAPLE]

Mito-VitE¥ TRAP1 Ag o] gl
ﬁULoﬂ JJ"‘XJO] (e} g']-o Sk :]: 9/1\

=

a3l A -TPP AFAo|Ee] TRAP1 A% B4 Az

ICs (uM), SB-TM2E o]&3%F FP 24
Drug 1Cso SMX oin] ghd
SkQ1 0.6959 + 0.0554 1.18
Mito-CP 1.074 + 0.0818 0.77
Vi to-VitE- 0.9187 + 0.0714 0.90
Mi t o-TEMPO N.D. N.D.
Mito-CP’ N.D. N.D.
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Mito-VitE N.D. N.D.
SMX 0.824 + 0.0512 1

nol 1091 7IepstetaE (3 =d 5] Fas B7el deh)S o83 A% A9 dxs Fashd, TPpeh thgd
18 #e d3l5as T8 929 45 TRAPLY dis] 288& 7 2e 21T 5

# 3
716k 34 shEhEe] TRAP1 AFE &4 A3
ICs (uM), SB-TM2E ©]-&3%F FP 24
Drug ICs SMX ohH] &4
SB-U005 0.3853 £ 0.0835 2.051907604
SB-U009 0.9086 + 0.1363 0.87012987
SB-U011 0.6838 £ 0.0729 1.156186019
SB-U012 0.6010 £ 0.0906 1.31547421
SMX 0.7906 £ 0.0512 1
* 4
716t B4 e TRAPL AdHe 24 A3
ICso (M), SB-TM2E ©]4-3+ FP &4
Drug 1Cso SMX tiH] &4
SB-U014 0.8046 + 0.0994 0.50
SB-U015 1.835 £ 0.2849 0.22
SB-K001 0.1658 + 0.0230 2.45
SB-B001 2.966 + 1.055 0.14
SB-B002 0.1451 + 0.13 2.80
SMX 0.4063 £ 0.0389 1

L A7) B 19 F2F 2
Solet. 4, n o] S50
3

, Fdl 20, 30, 40 E& 509

4.313H4] 19 4

f e N

2 HAA A AAIEE SFES ol o FEeirt mEE & Utk o, d4& A et d& 2%
s, B gAMo AAEHE 98 A 71 (acid addition salt) TE 97] H719 (basic addition salt)<
Zghstth, A7) AS sk dAR AR A, 3k, QAE, ZE|EAE, ZEZN, fFEN, AEEA, 54
A, SFEEA 58 xdsta

5. TAIHA 33F=e Al
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No. shre
1
QSP‘\/\/\/\/C“S
SHEALE AT E
2 §>
%'\/\/W\/cm
AEAdYE AT F
3 §>
%‘ i
EAEdEL g
4 op
HEgGAEL I T 2T H
5 o8 Y
St e AR
' . Qn
O PN
8% O
Br
(10-(3-B2¥-4.5 6-Eg W EA-2-ddd U Ee I XA E
7 .
Br
(o] = P
AN
OH
(10-(2-H 2R -5-3| EFA]-3 -t FA-6-HAHA D) ES|AdEEH
8 C}
(10-(3-B25-4,5,6-EHEA-2-He D EHdE T 5
9

ot So

- P
\OJQ:\/\ @

(10-(2-1.2%-3 4 5-EHEA--HEH DU EYHLIATEF
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10 Q o
ol .
:o\"//\/:vl\\/\/\/\/\/ o
Eg A E(10-(2,3.4, 5-HEH EA -6-HHA ) | 2 EAEH
11 Q ”
O P :
\o/l\/l\ /7\
(10-(4,5-tdEA -2-vEA D HIH EL AL I FH
12 -
\ 7/
; 4O
) _
(10-(3-HE-1,4-t) &A1 4t =2y ad-o- 2D EALEIATLE
13
Q )
NANANANANAAN N
'S { 7\
L/ ./
Ead0-ddu ) e~
14
(j\/\/\/\M : :
/""/p\ \
/ . >
Q0Ate| S AMY A EGAdEAYH FEgo|E
15
/Q/\/\/\/\/\/P'P"s
(10- (3, 4-tid¥ HDuLHEA I~ Y5
16
<|) P*Phy
I;\/;/\/\/\/\/
10-(2,5-tH A -3 4-dHE-F D A-EdHd-E~F 7
17
_o P'Phy
\OD/\/\/\/\/\/
(10- (3, 4-UM=EAgd) vA) EYAdIATH
18

0 2O
RESRANES

Eod(8-(2,3.4, 5-HEAMSA-6-vHA D) FE) E-TH
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19

é 4O
OJL/:(\/\/\/\/%;>
|
(8-(4,5-THEA 2-Agdo D) S E AL T AT

20 (I) - Q/@
o

-~

Egdd(12-(2,3,4 5-HEGHEA-6-HEA D =D EAE R

21
OIMQ
; O
(12-(4,5-gHEA-2-vEa D g 2H EHdE
22
(o]
/0))\";(\/\/\/\/\/9@
~o
y O
(10-(4.5-C] W 5 A -2 ©)-3,6-T] S A S Al Q19D e ) el I ¥~
23
0.
><_Q‘i\/\/\/\/\/\,g‘
N
5
2,2,5,5-HEHWE-3-(((10-(Eg A d 2z ) b)) SA) 722 d) I S8 d-1-&F o]
E
24 @
M
(10-(4.5-ddd-3,6-t K AN F2 A1, 4-T]A-1-Dd 2D EF i dE A~ 5
25

WEO

(10-(6-3|==1]-2,5,7, 8-HEZgWEIZT-2- 2D ET UL EAE R

o. 384 19 8559 &5
1.TRAP1 A
Al AAEE A w4y AEE 3359 TRAPLS AE:E 858 AlFdt).

2 gAA A A S 3eHE S TRAPIO A3ste] TRAP1S] 7158 9AIEgS B3, SDHB, SIRT3S] #d S 74
A7tk B3, FrFH o= TRAP1L ¢Al9] mlA= 4#Z p-AMPK, CHOP(Control of tumor bioenergetics and
survival stress signaling by mitochondrial HSP90s. Cancer cell 22, 331-344, Mitochondrial Hsp90s
suppress calcium—mediated stress signals propagating from mitochondria to the ER in cancer cells.
Molecular cancer 13, 148. Zi)E Z7MAZ1YH(=10, 12, 13, 15 Zar).
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&7 PU-H71} e, TPP-

Bog oA AFslE 39E-S ATP-pocket-binding-sited] ZAgsl= Ao =

alkyl9] 49 5% &80 = ATPase?] A4S JAHA FErh. &, & BAA A ATt 3FE2 ATPase
g gAotE BHo] Qv T3, FrHoR | E v A A A Xﬂ%ﬁ}—‘& 3322 ATP binding siteo] ATs}1A
F=tl. o] B outye] A AA|do)A, ATP pocket A% EAS E3] sk, (= 9, 11 2 14 Far).
ool whe}, & WA oA A|FsH= SF5hE-S TRAPL Z3Fste], TRAPLS AIE 4 lth. B o FAHo =,

B A Ao AFetE §3EL TRAP1S ATP binding sited] A3s}A] 831 TRAP1S A& 4= 9t}t.

%, B WAAE S8 19 T2E 2% SFE wE old HoR /5 9% TFSHE TPL A
g AT & Ak, oW, 7] HPF Et olo] MR Hgbed A AIP binding sited] AFHA &
L Ag 54w @ 5 ol

2.TRAP13} Eo|dE dwld Aol oA

A7) 3RS TRAP1S] ¢ o Ale] A3 Ea] TRAPIS] AL AAE 4= tl. By} FA|Fow . Ay
3E2 TRAPIA Client binding siteo] A&}, ATP binding siteol= A¢sA] ZomA TRAP1S A4S

A skt
P A5S ol gRlsty] Hs8ll, TRAPIT MitoQe] Ajt F&F #2418+ Client binding sited] ZA3¥tste 3
ZRBEE A $ olE o]f3ld IFEE] AFHE F *3} ATHEL 2, 4, 6 2 8 1), A3 HAAE
&7, AASA-TPP ZAFAIClE 2 e} $}3HE E5F TRAP1O] Client binding siteol] A¥3sh=

o f
[0
2
2
H
a~]
T

stolgt 4= v}, =3, ] yoly), ATPase &4 #24], ATP binding site Aol ol 2 A3 Hsp90
AR B ol Az, E HAAY FFES ATP binding sited] ZAEEX] &ar, TRAP1S] A4S A8
gholet 4= QUSATH(E=Y9, 11 2 14 Fa1).

Tk, FAHoR, B gAY 3ES AXER Hsp0o SEpoldE whuild (Akt, Cdk4), Hsp90 A1 wiA<Ql
Hsp70(Evidence for Efficacy of New Hsp90 Inhibitors Revealed by Ex Vivo Culture of Human Prostate
Tumors. Clinical Cancer Research 18, 3562-3570. #a1)o] ¢d3kS Fx @&, TRAPIVHS Meldo g oA gt
(%10, 12, 13, 15 #a1).

Wfo W b o rf

tjo
H

%, 2 9AAe] SFRE TRAPLS T weA) AFeka, ATP/E Al hspo0se] BHE AT AUAE A

ASHE o ROl 9% FA o

ool meh, ¥ wWAAG AT BB MR T el Aged F9 vl Agelr Aem
FHA Y FeolIE wude] AR AT & Ak, 5, B @AY AFEL RPLY ZejoldE v
Ao A% oAs ) ogd & 3

oA et 1] TR e SRR Eb ol ofshown FHeH: 98 ¥l MAPL - 2ol
dE W A% AAAS AT 5 Ao

B oAl el PR 2 B3R EE old felhon et 9 TRPI-ZetoldE Wl
A% oA Azl o] 88 & v

3.9k 2AE

BAAA AFSE SR E ol ofa
Aol A= 4] o

l A= 1 -1 =
A= 7] Bhghe Es o]9] ofdhHom 5‘4%7}%?& ‘?.39— ofstA A& Azxdl o8 F Ut
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TRAP1 +/+ollA] 5 AA|w

A
weo] FAHA Beg o

b STZ-TRAP1-/-ell A= 4538k &th. =, TRAP1o] A=W VEGF-A 2! ANGPTL49]
b o ArH(E 20a 3HaL).

S EER=,

e

2

>

OIR =4 wuko]] Al TRAP1 +/+9} U] &}e] VEGF-A = ANGPTL42] mRNA +32< TRAP1+/- = TRAP1-/-
t}. =, TRAP1o] A=A, VEGF-A @ ANGPTL4¢] @& o] 7AdS o 4= 9

e

X

=
#
TRAPL SJAA% Feg 5

ro

o 2 TRAP19 A= HIFl1a S EHASHA 3to] AAbA Aejolq Wb =S 23t thokst gyt A4
7z

gariviar & 5 Qv

4

TRAPL SAIAE Ashd Wukel REw @ AARE 99 2D S Aok AFEAE FusE, MitdE
Aee A% OR R Pt TR L PR 9 REE DA gRAYE AL FAT 5 Adnh
o MitoQ7} TRAPIE SIS B3l M A¢ NPS oAy, YA Fu AL ATsel v
Ao W Ase AYS FAT & Ak, olF AW AT Mitowh frel AW FAE Ak rero
2 FolE %ol $Us Uehth. ol ek 4o Afol® anHor w2 FFse] Eag vehart

N

= A& BolErh(:=21,22 i),

p

Z7ld o2 o2 TRAPI A4 sHatEo] wabH= g 2HeH" S gz sy 9§, A SRSl
HIF1 a2 o418 2 9li=x] &olstalr}. = A7}, TRAPIS olAsl= Zoz 3ol

FACE(AYE dolo] €A A= A & .

QlakATh(®23, 24, 25 % 6, 7, 8 R 9%aL).

S -TPPe] HIFla <A &4

ICso (M), MIO-M1AM|3EoA HIF1a A4
Drug I1Cs SMX o] &g
TPP-1 N.D. N.D.
TPP-2 N.D. N.D.
TPP-4 N.D. N.D.
TPP-6 1.431 £ 5.39 0.33
TPP-8 0.6427 £ 0.258 0.73
TPP-10 0.3138 £ 0.0578 1.49
TPP-12 0.1110 £ 0.0354 4.21
TPP-14 0.0340 £ 0.0392 13.76
TPP-16 0.0300 £ 0.0260 15.59
SMX 0.4678 £ 0.0151 1
Z7

TPP-37kshA]l Aol E€] HIF1a oAl 273

ICso (M), MIO-MIA|ZEolA HIF1la A4
Drug ICso SMX oiH] &4
SkQ1 0.1827 + 0.0091 1.79
Mi to—CP 0.2967 £ 0.0236 1.10
Vi toVitE" 0.1424 £ 0.0088 2.30
Mi t o-TEMPO N.D. N.D.
Vi to-CP’ N.D. N.D.
Mito-VitE N.D. N.D.
SMX 0.3269 £ 0.0229 1
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X 8
71e} 34 3= HIFla YA 24
ICso (uM), MIO-MIAMI SN HIFla AIEA

Drug ICso SMX oiH] A4
SB-U005 0.131 £ 0.0091 3.92
SB-U009 0.1912 £ 0.0236 2.69
SB-U011 0.0853 £ 0.0088 6.02
SB-U012 0.1771 £ 0.0088 2.90

SMX 0.5137 £ 0.0552 1

F9
71et &4 3EE9] HIFla A 24
ICso (M), MIO-MIA|ENA HIF1a A=A

Drug I1Cs SMX tiH] &4
SB-U014 0.0694 £ 0.0031 4.02
SB-U015 0.0887 £ 0.0058 3.14
SB-K001 0.0555 £ 0.0033 5.03
SB-B001 0.0947 £ 0.0132 2.95
SB-B002 0.0223 £ 0.0010 12.51
SMX-R 0.2141 £ 0.0093 1.30

SMX 0.2789 £ 0.0170 1

B HAAE TRAPIGAIAE Ed6te abdd X85 98 sty 2A4ES ATt 47] TRAPL AAI= )
shalle] PxE 2E HHE EE o9 oebdon Sgvbed 92 ERATh =@, B wANE TRAPL A4
S o3l A% AR ok 2B Axol olge: SR AT, TANCR, B WAL B4 19 7
28 2% SR EE ool Hoz Hevsw A9 ot 4B Ang oA 2HE Ax SR AT
o A7l 71 A3 o], Qb SE TRAPIF Adte]o] it W3, A7) TRAPIS AISHH HIFla & =M
hAl st Ak AdEdA ey Es fEete ot 33 A4 RIAE ARAZ ¢ e AS AY 49
2 B3 delolth. ool wel, TPLE TS Bl daAse) And & 9l

d7) kA o m S 8Tbsd e oAy AElH o d8rbse f7] B O F7] W oo miH fefste
shgtEe] 5 EFeTE A7) W o] FAll F A Qi odE 5o, YER, ZE, Zw, v
&, &FvE, gE 2 9Ew, dF 5o HEGYAUYEE 5 (A7 2 AEV1E FRE d); 9 EA4)
WY AEIE FHE W, §7) T 2o e o, dAY selmmagels, AselE, TaselE, O
ssflo)E, YEHIE solmznavols, Bauds, Watels, ciHolE, Welols, welde=, F
slelolE, EB2EdoE, HAvo|E, A, gHjos, Guolos, Audaele, suojolE, wekd
EolE, pEFAAEYCE, U SAdoE £ AT, AR 19 ofedoz sglsd 9o A
[Remington's Pharmaceutical Sciences, 17th Edition, pg. 1418 (1985) % P. Heinrich Stahl, Camille G.
Wermuth (Eds.), Handbook of Pharmaceutical Salts Properties, Selection, and Use; 2002]o] ¥AE AE&
EF3. AF B 49 o AF oA 2=, Ak, wERIA, A E S 9 frdez, o7
o &1, of2~ZIERA, FEYAL, wixA, Hxa itk AJE22E IEAE (embonic acid) (TEAR), ol
AEA, 284, Fulasl, F225F A=tREL AL, 824, SFFELN, SFEL, 8934, o)Ay
IR, o]AE &AL, FEAN, TWiE wrEE e EL, FALE, BERGE, ddolMEL, Z2uj4t, AH
Ab, A AL, zEolEAE, 204, AuldAil, EYEFOEONEA B ofdHEL o E B9 WAHEL F
prEFAEEMACZRE FAHE IS 2. &7 a5 2 448 EvS 2 V] 9712 34" 9 F
7b ol de ERExRIRl, F¥, NN-tdddareldl teeEaiyl, odAjell, gl wWaFul
A (N-HEZF7ER), 2 A=gRQ1, Bk ofyzt UlFolA FAdE & xFert. H-AEHoR s8It &
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AZE, 72 AIZE R 1 FY ol FoE 4tk mEkA, ol d A8E B Ui Hold A s IE
e EARTEH o9 dg F A

£ AAdelA, ¥ A AFste sgEd s o] A XEA (A B9, dh) ol F
7449l ssta iAo T Fole B 99 3FE £ s olate] F1H¢l X uAlE 7tz A Foles
Aol v&) MAE &5S AT oI 5 AAdeM, FF T FUME anE AlFeH, oy B
7 FZbe B A e 2 s o)A F 1Al X:Ae NE Folo] Fubel Zh7hS ek AL 9n
=

om. 2&4

1.352 §A

2 IygaEe IgEE9 TRAPL ZARES gyl f18] TRAPLY Adst= 33 Z=2HQ SB-TM2E
of Ao ALgsly] Y3 SFEES A 2 S+t

HEEYHIEATE HEulo|=(Alfa Aesar (Cat.# A15878)), oEHEZHLEEATE HEnlo]=(Alfa Aesar
(Cat.# B23096)), FEHEHAIEATE HEulo|=(Alfa Aesar (Cat.# Al0504)), AANEYHALIFEATEF HE
ulo] = (Alfa Aesar (Cat.# A13826)), SEYEFALEATYE H=Eulo|E(Alfa Aesar (Cat.# L02412)), BlAEF
ALEAEF HEvlo|=(Alfa Aesar (Cat.# A11021)), =U|HEHA X~ HEZwlo]=(Alfa Aesar (Cat.#
A14295)), HIEZHAEZ AL EAYE HZrlo]=(Alfa Aesar (Cat.# L04311)), SAAUAERHLYYEATHE B
Zulo]=(Alfa Aesar (Cat.# A15180)), MitoQ(BioVision, Cat #: B1309), SkQl(MedchemExpress Cat. #: HY-
100474) 2 Mito-TEMPO(SIGMA Cat #: SMLO737)7-d3le] & o] A-&3}3Att.

1-1.SB-TM2 probe ¥A
SB-TM2: 6-(11-%2-2,3,5,6,7,11-AXs}ol =2 -1H-9 2} [2,3-f ] = [3,2,1-1j] A=A-10-FI2E A0 %)

AMEYALIATE W AFYolE,

Coumarin 343

55604-65-4
) N o s o ! O 0
i 24 d WsCx DIER, DMAP, DEM r]
HO ——— NS Ee——— T
HATU, CIPEA. 1t 121 E
Evact Mass: 28510 Exact Mass: 384.20 Exact Mass: 452.18
20 22 3

— O\'s/ |
\ ) OO N
W o © & I ~
P2, Tohotne, refius, 12 h :2 \
_— -

PN A A

A A N-(6-3Fo] =S A 84 )-20-5 4 -27- S AF-23-o | A E| EBfALo) S 2 e 71-(14) ,1(16) , 15(18) , 17(19)-El
Eghdl-16-7t 2 EAn =

DMF (30 mL) W 3gE 14-24-20-2A-16-oFA | EgfAte] E 2 3 el e 71-(8),1(10),9(12),11(13)-H E &}l -10-
7+2 5 4A4H376.5 mg, 1.31 mmol), 6-°}7|%=3NAF-1-2 (170.12 mg, 1.38 mmol), HATU (602.15 mg, 1.58 mmol)
o] golo DIPEA (511.67 mg, 3.95 mmol)”7} H7FE|Qar, o]o]A 25 ° CollA 12417F EoF mutE o). LOMSE
2EY 240 AR Y3te AAEC] FFHASES HAFAY. e E3E0] 60 nLe] H00] FojA i, o]
o}A of€e olAHCIE(50 mL x 2)2 FEH AT, 3t ol & oA H o ETVE E3tE A5(50 ml x 2)2 A|F L,
Na,S0,/doll A AZRHJT. 7% S8 dxHo AP E] e Fo2 AFHJA, o Y AZvEDY
3] (Si02, Petroleum ether/ EtOAc 1:0 to 1:4)E AAEo] Yol BAELS =T F 02 (465 mg, 1.17
mmol, 92.4% yield)@o]%it}.

(3

MS (ESI): mass calcd. for CuplsNoOy, 384.2; m/z found, 385.2 [M+H]+.

1H NMR (400MHz, CDC13) & 1.36 - 1.50 (m, 4 H), 1.51 - 1.72 (m, 4 H), 1.92 - 2.06 (m, 4 H), 2.78 (t,
J=6.0 Hz, 2 H), 2.90 (t, J=6.3 Hz, 2 H), 3.28 - 3.39 (m, 4 H), 3.45 (q, J=6.8 Hz, 2 H), 3.65 (t, J=6.5
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Hz, 2 H), 7.02 (s, 1 H), 8.61 (s, 1 H), 8.88 (br s, 1 H).

A B. 6-[(21-%
ot E A g

N-(6-8}0] EZ2A] N A )20~ A -27-2A}-23-0} 2L H| E 2}ALo| S 2 L 71-(14) , 1(16) , 15(18), 17(19)-E| E &<l -

16-7F28Aa = (400 mg, 1.04 mmol)”} DCM (25 mL)el] &3f% AL o]ojA DMAP (1.27 mg, 10.40 umol) %
DIEA (1.34 g, 10.40 mmol)7} H7FE R AAdE EF=0] 0 ° C2 YAHAT. MsCl (106 mg, 9.25 mmol)7}
A7}E oL o]o] X 241759k 0 ° CollA] nlWkE AT}, TLC (petroleum ether : EtOAc = 1:1, Rf = 0.43)& 2EY
Sgo] AREIL o] FRT AEE %ol FAHASTS BRAFAT. EFEo] HEFEEZME(35 ) Z
sat. aq. NaHCO; (35 mL) Ale]ell #Hj=|Att. fF7]Fo]l FHEAIL, Na,S0, dollA AxE L, 3 ¥ 3t

A FFE ZAYES =T TAR AT MRS oh O e 98] 3] =5ES RoFAU.

1H NMR (400MHz, CDC13) & 1.36 - 1.56 (m, 4 H), 1.60 - 1.85 (m, 4 H), 1.99 (m, 4 H), 2.78 (m, 2 H),
2.90 (m, 2 H), 3.01 (s, 3 H), 3.26 - 3.39 (m, 4 H), 3.44 (q, J=6.6 Hz, 2 H), 4.23 (t, J=6.5 Hz, 2 H),
7.02 (s, 1 H), 8.61 (s, 1 H), 8.88 (br d, J=4.9 Hz, 1 H).

9A C. (6-(11-224-2,3,5,6,7,11-3NA}sto| =2 -1H-T g} = [2,3-f ]9 g & [3,2,1-ij]HA=T-10-7t2 B0 %)

AHEYALELEF HE dEVoE

6-[(21-& 2 -29-2A}-24-o} A H| E & Ato] Z 2 A}l 7F-1(15),2(17),16(19), 18(20)-H E g}l -17-7F 21 d ) o}1]

2 e AEYolE (97 mg, 203.41 umol)7F €+A3] 5 mLe EFA(5 ml) W EFHAIEAT (266.76 ng,
2 mmol) ¥} EFFH AL, o]l AAE B Ho] Nydlo] 130 ° ColA 18 A|7Hs<t watESlYk. LOMSE Aol
E7} £2RH Y3t AE F8 FAELAEZ AFHJSE BTG, Hks E3Ee] A2 W
= Azyrt. TLC (DCM : MeOH = 10:1, Rf = 0.24)% OPPh; o}ello] shvte] F83 A28 ~To] FAHY
5 HAFUY. A7 2AEES HAYItA A Ed4 A9 ARetEII(HA 202 Z2AH  50-100%
EtOAc in petroleum & €831 P3ls YAE 9o BRE BELHES AASH7] Y8 158 ¢ 100% A8k,
ool 2080 A 0-10% MeOH in DCM o8 HFsli 208 H<F 10% 522 AAE] Yl YAHAES E
d¥AYF HEdIYolE doz Ay, A7 AAELS F7Hez FAAZXEHY &7 &vE AASY =

A TS FATH(106 mg, 145.55 umol, 23.85% yield, 98.24% purity).

O -
i

A

.

MS (ESI): mass calcd. for C40H42N203P+, 629.29; m/z found, 629.5 [M+H]+.

1H NMR (400MHz, MeOD) & 1.45 (m, 2 H), 1.52 - 1.78 (m, 6 H), 1.90 - 2.04 (m, 4 H), 2.69 (s, 3 H),
2.74 - 2.87 (m, 4 H), 3.34 - 3.50 (m, 8 H), 7.08 (s, 1 H), 7.62 - 7.97 (m, 15 H), 8.44 (s, 1 H), 9.04
(br s, 1 H); 31P NMR (162 MHz, METHANOL-d4) & ppm 23.81 (s, 1 P).

1-2. (10-(3-B.22-4,5,6-EFHEA-2-vEdHd) ) EQHIEATE HI2ulo]l= A

5 OH
~ A o 0 P Br
,«GD\ 52 /°:©:'W\/\/\,a' B1SH, TR ﬁ(\/\/\/\/\/
~a o .
> 54

N
U P
aH OH A ;'{" ’%/
NaB, HyOy AOH A & PPy /G\/&\/\/\f\/\/\/“"\’ )
—_— i - B S
~a ——— Ng NN B ¢ },
=
or
&4 B¢

Gl AL 10-BE2R-1-(2-3]| E5A]-3,4-H W EA|-6-d & -7 d) g H-1-2
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[0190]
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M2 B3t AlCl; (457.89 mg, 3.43 mmol)E 7% DCE(10mL) W 10-BE2ERU7Iw=Y F=270]=(0.536 g,
1.89 mmol) % 1,2, 3-Efw|EA]-5-HE-dl#l (312.86 mg, 1.72 mmol)ol] FH7}star, 25ColA 40hr E<oF Wty

Sk, LONS+=  Ysle A Eo TAALAE FAHJSS RAFJAY. E3Eo] de5Ed FoAxn
CHLCly(50mL=2) 2= FZH At e FEEC] B2 AFHIL, NaS0,2 XL §HEo] Qo] dojxlon,
o2 AY FEwE 13 (Si02, 10:0 to 10:1 Petroleum ether/EtOAc)E AA|dte] FA 9 A (520 mg, 66.56%
vield)o] Aoz},

MS (ESI): mass calcd. for CigHyBrOs, 400.12; m/z found, 402.8 [M+H]+.

N
ko

1H NMR (400MHz, CDC13) & 1.21 - 1.55 (m, 10 H), 1.56 - 1.78 (m, 2 H), 1.85 (m, 2 H), 2.46 (s, 3 H),
2.89 (t, J=7.4 Hz, 2 H), 3.41 (t, J=6.8 Hz, 2 H), 3.88 (d, J=12.3 Hz, 6 H), 6.31 (s, 1 H), 10.38 (s, 1
H.

@A B, 2-(10-B. 2244 )-5,6-HHEA]-3-H & - =

10-B 21 -1-(2-3]| =FA] -3, 4-t W EA]-6-w| D -5 d) | 2H-1-2 (520 mg, 1.14 mmol)©] TFA (10 mL)ol| &)=L

oloJ A Et3SiH (2 mL)o] H7F=ar, o]ojA 80 ° CollA 1247+ %OJ WREE Y. LOMSE= 2EFY] AEo] AR
Ha sl A2 Fart gAES BAFAT. vE EFES FE A7, olE FAFY ARvEILHT
(Si02, 5:0 to 5:1 Petroleum ether/ EtOAc) = AA|sFe] FA A (410 mg, 82.34% yield)= LAT}.

52

MS (ESI): mass calcd. for CiglsiBrOs, 386.15; m/z found, 388.9 [M+H]+.

1H NMR (400MHz, CDC13) & 1.22 - 1.55 (m, 14 H), 1.86 (quin, J=7.1 Hz, 2 H), 2.26 (s, 3 H), 2.51 -
2.65 (m, 2 H), 3.42 (t, J=6.9 Hz, 2 H), 3.86 (m, 6 H), 5.82 (s, 1 H), 6.29 (s, 1 H).

GA C. 4-BE2F-2-(10-B2 2 d2)-5,6-1 | EA-3-H e - =

2-(10-B. 2144 )-5,6-tu| EA -3-w 8- & (410 mg, 940.98 umol) = NaBr (145.23 mg, 1.41 mmol)©] AcOH
(10 mL)oll A g3l= L, o]ojA Hy0, (160.04 mg, 1.41 mmol, 30%)7} 25° CollA H7}= i, o]oja] 2A]7F B<F L

BT, LIS 2EE Bdo] 2RET Az W27 FPAYLE wFUT. v EHES 2(50 g
HWAEA L, EtOAc (40 mL x 2)2 FE3FF . &3k #7152 pH > 77k4] E3} NaHC0; (40 mL) = A& 3R

o]0} A] Na,S0, 02 AZ3daL, T2 (300 mg, crude)® F=E ).
MS (ESI): mass calcd. for CigHsBryOs;, 464.06; m/z found, 466.9 [M+H]+.

1H NMR (400MHz, CDCI3) & 1.22 - 1.55 (m, 14 H), 1.86 (quin, J=7.1 Hz, 2 H), 2.26 (s, 3 H), 2.51 -
2.65 (m, 2 H), 3.42 (t, J=6.9 Hz, 2 H), 3.85 (s, 3 H), 3.93 (s, 3H), 5.77 (s, 1 H).

a7 D. (10-(3-B2X%-4,5,6-Eg v EA2-vddd) b2 ESHHdEATE HEulo|=

4-B 25 -2-(10-B22d4)-5,6-trEA-3-md-3= (300 mg, 597.11 umol) = PPh; (939.68 mg, 3.58
mnol) =<1 (1 mL)ellA &= ar, o]ojA NyakellA 1307 CellA] 18A1F “s2F wrkE Ak, TLC (DCM: MeOH =
10:1, Rf = 0.2)% &futo] wQl 3 =7F OPPhy ofefol]l FAFNSS RoFAth. vg EFES TUAA 24

AFES A, o]= Prep-HPLC (Column: 3_Phenomenex Luna C18 75#30mm#3um; mobile phase:
[water (0.2%FA)-ACN]: B%: 52%-82%, 6 min)®= FAsAtt. Wt AAEo] 524 X 5 94 uxg= dojil
t}(16 mg, 12.24% yield, 97.2% purity).

MS (ESI): mass calcd. for CsllisBrOsP+, 647.23; m/z found, 649.3 [M+H]+.

IH NMR (400 MHz, CHLOROFORM-d) & 1.13 - 1.70 (m, 16 H), 2.34 (s, 3 H), 2.56 - 2.76 (m, 2 H), 3.65 -
3.79 (m, 2 H), 3.68 - 3.77 (m, 1 H), 3.83 (s, 3 H), 3.88 (s, 3 H), 7.61 - 7.93 (m, 15 H), 8.76 (s, 1
H); 31P NMR (162 MHz, CHLOROFORM-d) & 24.47 (s, 1 P).

1-3.(10-(2-B2E-5-3| E5A| -3, 4-TH| FA-6-H ¥ ) ) ESHLdX LT F Zao|E §4
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[0201]
[0202]

[0203]

[0204]

[0205]

[0206]

[0207]

[0208]

[0209]

[0210]

[0211]
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N F

0. Br A
- =
[T &WH[ @/\W\N I(\CV\/V\/
~, P %
o HBUL-TE A 12N o Tachoon

~

o
o

Br

o ®
O 2 NES L __EbSH
Dy
to i CHOBODL LI gy A T

e
Nallr a0 A Br Fehy SO A A A
e .
Mo o Tol.130°,12h o
OH OH

A AL 5-(10-B2Rd4)-1,2,3-Eg| v S A -4l

N

o] g-lo] n-BuLi (2.5 M, 2.10 mL,

THF (20 mL) W 5-B2%-12 3-EgHEA-AA (1.3 g, 5.26 mmol, 1 eq 8ol
oF wWHkE ], o]ojA] THF (10 mL)

1 eq)e] =78 ° ColA A=t H7F &, EFF0] I 2544 A &
W 1,10-t)B 227k (3.16 g, 10.52 mmol, 2 eq) &Mo] =78 ° ColA ZH7l=HcE. A= ‘%% 120°C
oA 11A17F ¢ wykE T, LOMSE dstE A% 50.647F AEHASS HoFEUTh. AFEo] sat.NHCI

(10 mL)2 3|4 =3 Et0Ac (50 mL * 3)& F=HJTE.  Fe F7]1F 0] Na2S04/dell A Azx= A, et ol A
A3 FEFEF FFEo] oM. FFEol AY AZvIEIYIE HAFHAT(Si02, Petroleum ether/Ethyl
acetate=100/0 to 95/5). SFE 5-(10-EH2HRH4H)-1,2,3-EHEA A (580 mg, 1.02 mmol, 19.35%
vield, 68% purity)o] F4 U2 Aojxr}.

MS (ESI): mass calcd. for CiglsBrOs, 387.4; m/z found, 387.1 [M+H]+.
1H NMR (400MHz, CDCI3) & = 6.40 (s, 2H), 3.86 (s, 6H), 3.83 (s, 3H), 3.42 (t, J=6.8 Hz, 2H), 2.59 -

2.52 (m, 2H), 1.86 (quin, J=7.2 Hz, 2H), 1.60 (br d, J=5.5 Hz, 2H), 1.48 - 1.38 (m, 2H), 1.38 - 1.26
(m, 10H)

o

1=

9A B, 6-(10-B 2R dA)-2,3,4-EYHEA]-Hl=< )
5-(10-BE 22 A)-1,2,3-Ew| EA] -3 (580 mg, 1.02 mmol, 1 eq)®] 7% CH,Cl, (2 mL) &Mo] AICLl, (239
mg, 1.79 mmol, 97.95 uL, 1.76 eq)®] AZ CH2C12 (8 mL) &Mo] Hx}AH o=z 0° CollA A7}, £35S
TS EA 45F Fot wwksta, tEER (WEAD)WE (188.97 mg, 1.64 mmol, 145.36 ul, 1.61 eq,
68% purity)®] AZF CHLCl, (2 mL)&HES of7]o] 108 Ax ARHo =z Z7letgdr)t. E3ES 0° CollA 247
5% ¢ wHkEglth.  LOMSE ¥HS-o] SREHUSS HAFUTE. ¥he 350l doE 30mLol F¥, wd
d FRelo]l= Ao] B Hda, =AANS sonLe Wed F2gol=g 23] FEEUT. T3 F715S Na,S04
ol A Azxsta, 7t ShollA o} FFH3le] AFES AU ZAMES F7FEQA AA glo] thg dAd A&
stk 3tE 6-(10-B2RuA)-2 3, 4-EwEA-"l=2d s = (510 mg, 858.27 umol, 84.29% vyield,
69.9% purity)7} FA S U2 Aoy},

MS (ESI): mass calcd. for CylsBrOs,415.4; m/z found, 415.1 [M+H]+.
1H NMR (400MHz, CDCI3) & = 10.41 (s, 1H), 6.53 (s, 1H), 4.00 (s, 3H), 3.95 (s, 3H), 3.89 (s, 3H),

3.43 (t, J=6.9 Hz, 2H), 2.99 - 2.92 (m, 2H), 1.93 - 1.82 (m, 2H), 1.49 - 1.39 (m, 4H), 1.32 (br s,
10H)

¢}

@A C. 6-(10-B 2R yA)-2-3| == A]-3 4-THEA-H =L 5] =
BCI3 (1 M, 1.9 mL, 2.21 eq)”7} CHCl, (10 mL) W 6-(10-BE. 2Ry )-2,3,4-EFHEA-wZLdd 5= (510.00
mg, 858.27 umol, leq, 69.9% purity)e] &Moo 0° ColA AHA7IEUT). E3Eo] 0° ColA 30EFeF k]
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[0213]

[0214]
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[0216]

[0217]

[0218]

[0219]
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[0221]

[0222]

[0224]

[0225]
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a1, 20° ColA 305t wHkEATE.  LONSE RE&o] AEHASS HAFHT. JFFEC] €55 (30 mL)ol H
0153\—-‘— CH?C]? (50 mL * 3)& —%‘ qu'hjr %é’_ 7]—%—0] Nastq 1}\—1 7—]ZQS\)—}\ Z:]!.c‘):}- —;ﬂ,oﬂjﬂ 0434_ %%’5}'0';‘
AFES dArr. AFEo] APazErE18i9(Si0,, Petroleum ether/Ethyl acetate=100/0 to 95/5)% A=A
k. 3FE 6-(10-BR2RHA)-2-3 =2 A]-3 4-U v EA-H 2208 = (300 mg, 583.06 umol, 67.93%
yvield, 78% purity)7} T+ AR dojxit}.

MS (ESI): mass calcd. for CigHyBr0O,,401.3; m/z found, 401.1 [M+H]+.

1H NMR (400MHz, CDCI3) & = 12.30 - 12.20 (m, 1H), 10.24 - 10.03 (m, 1H), 6.34 (s, 1H), 3.96 (s, 3H),
3.89 (s, 3H), 3.43 (t, J=6.9 Hz, 2H), 2.90 - 2.83 (m, 2H), 1.88 (quin, J=7.1 Hz, 2H), 1.70 - 1.60 (m,
2H), 1.50 - 1.38 (m, 3H), 1.49 - 1.29 (m, 1H)

A D. 3-HER-2-(10-B. 252 H A )-6-3| == A4, 5-U] W EA - =Y |5 =

CHCl; (2.5 mL) 2 CCl, (2.5 mL) Y 6-(10-E2RHA)-2-3| =2 A]-3, 4-T] | EA-Hl =D 3| = (250 ng,
622.92 umol, 1 eq)] &M NBS (133.04 mg, 747.51 umol, 1.2 eq)7} 0° CollA H7FE ATk, E3Eo] 0
ol Al 1AIZE <t ik HYt). oo EFFE o] 11A7HEQE 200 CollA nREEATE, LONSE WHgo] da=dSS
HoFoth, E3Eo0] sat. NaHCO; (10 mL) o= FAE3 EtOAc (20 nl * 3)E FZH YT, T3+ F7]=0]
NapSO/doll A AZREA, 7Y sl o3 FF3e FHRES Y. JFHFES prep-TLC (Si02, Petroleum
ether/Ethyl acetate= 4:1)2 AA AT, FIE -HEF-2-(10-HEZEHA)-6-3]| == A)-4,5-t]H EA]-dl =
SFH 3] = (200 mg, 307.77 umol, 49.41% yield, 73.9% purity)S = o dz AT},

MS (ESI): mass calcd. for CiglysBry0s, 480.2; m/z found, 481.0 [M+H]+.
A E. 5-(10-E2R2d4)-2,3-tH A -6-d-o &
CH.Cl, (4 mL) W 3-EERE-2-(10-E2 XY )-6-3| =F A4, 5-THEA-A 2L d 3] = (190 mg, 292.38 umol, 1

eq, 73.9% purity) % Et3SiH (169.99 mg, 1.46 mmol, 233.50 uL, 5 eq)®] &Hell 0 ° CollA TFA (708.40 mg,

6.21 mmol, 460 uL, 21.25 eq)7} 5%ol ZAA F7F Zur]|E S F7HEAG. vHs EFE0] 0 ° ColA 243
Qb wHkE Tk, LOMSE Wh3o] SREHUSS HAFAY. EF=0] 3] sat. NaHC03 (50 mL)e| F-ofHir
CH,Cl, 100 mL (100 mL * 3)2 FZ3FAUTE. &3 F715°] NaS0 gl A AxHua, ¢ st oA 555 o
FFEo] dojxt). FFEo] prep-TLC (Si02, Petroleum ether: Ethyl acetate=4:1)= AAEFHSAtt, 3HstE 5-
(10-B. 2R g A)-2, 3-T W EA|-6-H & -5 (130 mg, 241.64 umol, 82.65% yield, 72% purity)e] FAod=z
P

A F. 4-H 2R -5-(10-B 22 H4)-2, 3-tHEA-6-H e - &

AcOH (5 mL) W 5-(10-H2RuA)-2, 3-tIHEA-6-HE-H & (130 mg, 241.64 umol, 1 eq, 72%purity) %
NaBr (37.29 mg, 362.46 umol, 11.65 ulL, 1.5 eq)®] nykel oMo H202 (41.09 mg, 362.46 umol, 34.82 uL,
30% purity, 1.5 eq)7} HE7FHAIL, oJojA 20 ° Colld 3417+ F¢F e Ak, LONSE WhZo] EHASS
HolFEATE., ZHFEo] sat NaHCO;: NasS:05 =10:1 (30) mLe® 31X %03 EtOAc (30 mL * 3)o8 FZH5Ar}.
et F7150l G410 mb) 2 MA =L, NaS0/dol A =, 7%k stollA A3 FF5Ho FiFEol dojsint.

A Eo] F7F AAgle]l v dAldA AFSE AT 3 E 4-HER-5-(10-H2 R A )-2,3-T WS A -6-wde
-9]& (140 mg, 195.18 umol, 80.77% yield, 65% purity)o] =& QAR dojxlt}.

o M

MS (ESI): mass calcd. for CyHsoBrs0s, 466.3; m/z found, 466.9 [M+H]+.

1H NMR (400MHz, CDC13) & = 5.73 (s, 1H), 3.86 (s, 3H), 3.78 (s, 3H), 3.34 (t, J=6.9 Hz, 2H), 2.71 -
2.64 (m, 2H), 2.14 (s, 8H), 1.84 - 1.76 (m, 2H), 1.37 (br d, J=4.1 Hz, 7H), 1.24 (br s, 7H)

A G, (10-(2-B2E-5-3| =5 A-3,4-TH|SA-6-we A ) ERod XA X5 L2Wo]E

=7 (2 ml) U 4-BEEE-5-(10-BE2EUA)-2,3-tW 5A]-6-HE-3]= (140 mg, 195.18 umol, 1 eg, 65%

_28_



[0226]

[0227]

[0228]

[0229]

[0230]

[0231]

[0232]

[0233]

[0234]

[0236]

[0237]

[0238]

[0239]
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purity) ® PPhs (255.96 mg, 975.88 umol, 5 eq)®] nwkg &Ho] 125 ° CollA NyaslollA 8AIZF 7 e},
LCMSE HHgo] FHEUSS HAFULE. fulE AFstoA AAS Y] FFES AALt. FIFES A4 A=2v}
E2#19(Si02, Petroleum ether/Ethyl acetate=100/0 to 0/100; Ethyl acetate: MeOH=100/0 to 92/8)= ZA|
adtk.  AHFELS  prep-HPLC (FA  condition; column: Xtimate C18  100#30mm#*3um;mobile phase:
[water (0.225%FA)-ACN];B%: 40%-70%,8min) = AU, 3= (10-(2-BR2E-5-3| =5 A]-3,4-T W EA|-6-H]
gy Ul ELAIEATE L2/ E(6 mg, 8.61 umol, 4.41% yield, 99.54% purity)7} F4] oz Ao
ATk,

MS (ESI): mass calcd. for CsllsBrOsP+, 648.6; m/z found, 649.2 [M+H]+.

1H NMR (400MHz, CDCl;) & = 8.56 (br s, 1.309H), 7.78 - 7.59 (m, 15H), 3.84 (s, 3H), 3.76 (s, 3H),
3.44 (br s, 2H), 2.70 - 2.59 (m, 2H), 2.13 (s, 8H), 1.50 (br s, 4H), 1.40 - 1.12 (m, 12H)
31P NMR (162MHz, CDC13) & = 24.17 (s, 1P)

1-4.(10-(3-B.22-4,5,6-EHEA-2-HEd) b)) EHLEAEE HEnlo|= @A

% /?J\/\/\/WB' g 5
0 < o A B ELSHTFA o _Br
% g ACI;, DCE, 26°C - I /l 5
Y @
NaBr, Hy05, AcOH A Br PPhy A \/\/\/P;@
R ~o BY @
o

A A, 10-B2R-1-(2,3,4-EF W EA-6-HE-Fd) v 7-1-&

DCE (10 mL) W 4-H 2% -12 3-Eg|vEA-5-v -4 (449.11 mg, 1.72 mmol) % 10-HE2RH7x=d F=2e}
©]=(536.94 mg, 1.89 mmol)2] nHkE &-ofo] AICI3 (206.41 mg, 1.55 mmol)o] H7FE AL, o]ojr] 25 ° (ol A
18AIZE FF wkE A}, LOMSE Hdle A EC] T8 FAELRE FAHYSS HAFATE. TLC (Petroleum
ether : EtOAc = 31, Rf = 0.)& 3t T8 A= 2Fo] FAHHUNSZS HoFArt. vk EHEo] A
o] Rol&a DM (30 mL x3)©.& 2ZH I, o]o]A NaSO Al AzxHYa, sZ5o] waka oo o
3, ol Aol Z4 APz Ao (0-100% EtOAc in petroleum ether over 30 min)F2] &
Ao)HH(215 mg, 29.1% yield).

Q2 d
¥,

e
<

MS (ESI): mass calcd. for CyHsBrOy, 414.14; m/z found, 416.8 [M+H]+.

1H NMR (400MHz, CDC13) & 1.32 (m, 8 H), 1.38 - 1.49 (m, 2 H), 1.67 (m, 2 H), 1.86 (quin, J=7.2 Hz, 2
0, 2.19 (s, 3 1), 2.75 (t, J=7.4 Hz, 2 H), 3.41 (t, J=6.9 Hz, 2 1), 3.77 - 3.92 (m, 9 H), 6.48 (s, 1
H.

@A B, 4-(10-B2RYA)-1,2,3-Eg W EA]-5-v & -dl =l

TFA (10 mL) W 10-B2%-1-(2,3,4-EgHEA]-6-m e -9 d) d]xF-1-2 (210 mg, 455.03 umol)e] uulty 8-of
o] Et,SiH (1.46 g, 12.52 mmol, 2 mL)¢] 25 ° ColA] H7tE I, o]oJA 2A17F F9F 80° ColA] wHkE i),

LOMSE 3t A Eo F2 FAEZRAZ AAHASS HoFAY. TLC (petroleum ether: EtOAc = 4:1, Rf
=0.45)% ave] T8 AEZE 2ol FAHAS S BT, v EFES 1Tl T AXAIA A 2
Yol PolxiL, o= AHFAA ZYHAZEHE ARmEIHIR Frt AAFHJTHL5 g, 0-50% EtOAc in
= AAE 4-(10-BERHA)-1,2,3-EHEA-5-m g - A1 (118 mg,
2 Ao,

MS (ESI): mass caled. for C20H33BrO3, 400.16; m/z found, 403.0 [M+H]+.

o] =

petroleum ether over 30 min). <3}
250.93 umol, 55.15% yield)e] ¥4 <

e o

1H NMR (400MHz, CDC13) & 1.20 - 1.54 (m, 14 H), 1.77 - 1.96 (m, 2 H), 2.27 (s, 3 H), 2.46 - 2.64 (m,
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2 H), 3.42 (t, J=6.8 Hz, 2 H), 3.76 - 3.97 (m, 9 H), 6.49 (s, 1 H).

[0241] GA C. I-EE2R-5-(10-R 22U A)-2,3,4-EFH 5 A -6-v & -ul#]

[0242] AcOH (5 mL) W 4-(10-B.2EdA)-1,2, 3-EgHEA|-5-HE-8Al (118 mg, 250.93 umol) 2 NaBr (38.73 mg,
376.39 umol) 9] wyrE LMol H,0, (42.68 mg, 376.39 umol)7} H7FE AL, o]o]A 25 ° CollAl 2A17F E<F
HE k. LONSE 93te AAE T2 TAEZRZ IAFHAISS RAFArt. vbe E3ES Et0Ac/H,0(80
mL/60 mL)AFolol Euistdch. §71%& pH >77A] sat. aq. NalCO; (60 mL)o.& AFedct. 38 §71%S
NaoSO A el A AZstar, 53] =k 24 (140 mg, crude)= EUt}t. HNMRS t}S Ao 83 £2=2 ¢
st AN ED XS HAFRlH.

[0243] MS (ESI): mass calcd. for CyHssBrs0s, 478.07; m/z found, 481.0 [M+H]+.

[0244] 1H NMR (400MHz, CDCI3) & 1.20 - 1.52 (m, 14 H), 1.78 - 1.94 (m, 2 H), 2.36 (s, 3 H), 2.62 (m, 2 H),
3.42 (t, J=6.9 Hz, 2 H), 3.81 - 3.98 (m, 9 H).

[0246] Gl D, (10-(3-B25-4 5 6-E v 5 -2-f g d) g2 ELdJdEATE BHREvlo]s

[0247] EFe (1 ml) W 1-EE2E-5-(10-B2RuA)-2 3 4-Eg v EA-6-w -4 (140 mg, 279.13 umol) % PPh,
(366.06 mg, 1.40 mmol)e] WHFE &M 130 ° CollA] Nyalol]l 18A17F&<¢t 719atgitt. LOMSE Hdts A&
FAEP LSS BoFYh. TLC(DCM: MeOH = 10:1, Rf = 0.2)¥ OPPhydlel] FL3F AH2L 937 FAHASS
B}, Wbe EFES TEAA AN ARES IJ3, ol AgItA oA Fd4 ZY TRvlEd
= AAEATH25 g, 0-15% MeOH in DCM over 30 min). €3k AAQEC] FA1x Fol W4 uA= dojxirt
(108.5 mg, 51.41% yield, 98.2% purity).

[0248] MS (ESI): mass calcd. for Csslly;BrOsP+, 661.24; m/z found, 663.3 [M+H]+.

[0249] 1H NMR (400 MHz, CHLOROFORM-d) & 1.12 - 1.50 (m, 12 H), 1.64 (m, 4 H), 2.34 (s, 3 H), 2.52 - 2.71 (m,
2 W), 3.77 - 3.97 (m, 11 H), 7.60 - 7.97 (m, 15 H); 31P NMR (162 MHz, CHLOROFORM-d) & 24.53 (s, 1 P).

[0250] 1-5.(10-(2-BE 272 -3,4,5-EFHEA-6-HEH YA EHIEATEF HIZrlo|= §A

N e
BULL-T8°CH1 120 - ”" Deu
B W NaBreo, P J g en,
'lF-\r 12h lcCHr*Zn u Tol,130°C.12h
3\
A

[0251]

[0252] A A 5-(10-B 2R 42 )-1,2, 3-Eg W EA] -1l Al

[0253] THF (30 mL) W 5-E2%-1,2 3-EgHEA-dA (2 g, 8.09 mmol, 1 eq)®] &Mool n-BuLi (2.5 M, 3.24 nL,
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[0254]
[0255]

[0256]

[0257]

[0259]

[0260]

[0261]

[0263]

[0264]

[0265]

[0267]

[0268]
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eq)S -78 ° ColA A7k, HA7 F, EFES I LEoA 1IA7HEeE wwkelgiar, ool A THF (10 mL) i
1,10-t] B2 2 dzt (4.86 g, 16.19 mmol, 2 eq) |NS -78 ° CollA| 24 Fetoith. AAE EFES 20 ° ColA
11A17F &t wytelgivt.  LOMS+ o}“ A 20%7F 74%%’1 & HAFI. %&%%—8— sat .NH4C1 (10 m
LR 3A93 EtOAc (50 mL = 3)&E F=HATt. I3 §71= NaZSO4”°ﬂH Az , AFE R 3
sloll Al FEFFo]  FFEo]  doHTE.  FFE] ﬁ?ﬂﬂiu}EJﬂM(sloz Petroleum ether /Ethyl
acetate=100/0 to 95/5)% AAEAT. FE 5-(10-EH2ZRuA)-1,2 3-EWEA - (430 mg, 395.86
umol, 4.89% yield, 35.66% purity)e] F4 U=z dojxt}.

MS (ESI): mass calcd. for C19H31BrO3, 387.4; m/z found, 389.1 [M+H]+.

jﬂ,
J

@A B, 6-(10-B2EHA)-2,3 4-EgHEA - =Z=dH s =
5-(10-B. 27 d4a)-1,2,3-Ed) | EA]-wlAl (430 mg, 395.86 umol, 1 eq, 35.66% purity)®] A= CH,.Cl, (2 mL)
|Aofl AlCI; (178 mg, 1.33 mmol, 72.95 ul, 3.37 eq)9] A= CHCl, (6 mL) §do] HHAHo=2 0° CollA A7}

HAg., EgE0] 2o 250 458 FoF wHtEw UFE2 2 (HEAD)WE (140 mg, 1.22 mmol, 107.69 ul,
3.08 eq)d HZE CHCL, (2 mL)&Mo] 1080 Ax AAXRoZ A7), EFEo] 0° CAA 2A7F 58 59

WRHE AT, LS = Rkgo] SERENES BT, W Ed=o] d&E 30 mlell Fojal, wWEHw F=
gho]= Aol FejHaL, 4 Aol 50 mLe] WERl SRetolEr 2 FEHUT. T 750l NaS0delA 1

ZHA3, ofHE I ¢ stollA sFEHo] FREe] oAt A= F71e AAGlel the T AHEH
Aok, 3T E 6-(10-B2RgA)-2,3,4-Edu|EA - =LY 8| =(410 mg, 384.97 umol, 97.25% yield, 39%
purity) & F4 o4& AT},

MS (ESI): mass calcd. for CylsBrO,, 415.4; m/z found, 415.2 [M+H]+.

@A C. 1-(10-B2 544 )-3,4,5-Eg| v 5 A -2-w D -l Al
6-(10-B 22 HA)-2,3 4-EFHEA - =23 = (410 mg, 384.97 umol, 1 eq, 39% purity) @D EtsSiH

(447.64 mg, 3.85 mmol, 614.89 uL, 10 eq)® &F=o| TFA (3 mL)7} H7FEATE. EFE=2 20 ° ColA 124
7F EoF wulEolth. LONSE Hhgo] gEEgee FAT}. E3Eo] 3] sat. NalHCO3 (50 mL)of| F-o]X]
aL CH2C12 (50 mLx3) 2 FEH A, ¢ 715 0] NaSO ol A A= 9lar, oo et sholA w550 %

Eo] dojHt}. FFEo] prep-TLC (Si02, Petroleum ether/Ethyl acetate= 4:1)% HA AT}, IJFE 1-
10-3. 22 u|A)-3,4,5-EFHEA-2-HE - (120 mg, 152.18 umol, 39.53% yield, 50.9% purity)e] T2
U= dojyry.

MS (ESI): mass calcd. for C20H33BrO03, 401.4; m/z found, 402.8 [M+H]+.

A:tm

1-0

GA D, 1-RER-2-(10-R2 2 H A )-4,5,6-Eg v 5 A -3-v & -ullAl

AcOH (4 mL) W 1-(10-B. 25 d4)-3, 4, 5-EYHEA-2-w&-wAl (120 mg, 152.18 umol, 1 eq, 50.9% purity)
2 NaBr (15.66 mg, 152.18 umol, 4.89 uL, 1 eq)9] nwtEl oo H202 (17.25 mg, 152.18 umol, 14.62 uL,
]_

30% purity, 1 eq)o]l H7FE Y, o]o]A 20 ° ColA 12A]17F E<F WHFE T, LONSE HFSo] damges 1

oAFATH, AFELS sat NaH0;: Na,S,0; =10:1 (30) mLe.& 3 A atar EtOAc (30 nL * )& F=3tgct. &3k &

71%5S 9910 mL) = A HFAL, NaSOdellAl Azxskar, o3stal 74k stollA st dFeEs ATt
HA]-

AN ES F71e AAglel o dAAA AREEIgY. SEE 1-HE2R-2-(10-B2 R4 )-4,5,6-E2] |
- El-wAl (130 mg, crude)S =@ oAz AT}

w

MS (ESI): mass calcd. for CyHssBrs0s, 480.3; m/z found, 480.9 [M+H]+.

@A E. 1-H 2% -2-(10-BLAHH| A )-4,5,6-E | v 5A|-3-w & -ull

EF<¢ (2 ml) W 1-EEE-2-(10-E2Eu4H)-4,5 6-EZ W SA-3-He-ulAl (130 mg, 162.41 umol, 1 eq,
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[0269]

[0270]

[0271]

[0272]
[0273]

[0274]

[0275]

[0277]

[0278]
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il
)

60% purity) 2 PPhs (212.99 mg, 812.04 umol, 5 eq)e nurE fMo] 125 ° CollA Nyahol] 12A17FE¢t 7}
Yl LOMSE wWhSo] FREUSS HoFArt., &ulE TS5 AAG Y FFES AJLt. IFES AH
I=EvntEa#3 (Si02, Petroleum ether/Ethyl acetate=100/0 to 0/100; Ethyl acetate:MeOH=100/0 to 92/8)
2 AASAY. 3EE 1-B 2 R-2-(10-BLAHH| A )-4,5,6-E&] W ZA]-3-# & -#Al (30 mg, 39.69 umol, 24.44%
vield, 98.234% purity)<S 4] 242 AU},

Nv}

MS (ESI): mass calcd. for Csslly;BrOsP+, 662.7; m/z found, 663.2 [M+H]+.

1H NMR (400MHz, CDCl3) & = 7.93 - 7.66 (m, 15H), 3.94 - 3.78 (m, 11H), 2.78 - 2.67 (m, 2H), 2.22 (s,

3H), 1.64 (br s, 4H), 1.50 - 1.34 (m, 4H), 1.25 (br d, J=10.1 Hz, 8H) 31P NMR (162MHz, CDCI3) §& =
24.54 (s, 1P)

1-6. £, EEHE(10-(2,3,4,5-ElESHEA-6-dEH L) HA)EAEF 4§ A

0

0 5
0 ./lk/\/\/\/\/B{ g
/ Cl Br
b4 & EtySiH, TFA
\0 - _\0 3b i
0 AICl,, DCE 1
L

11 1-3

P
0 Bi PPy 0 Q @
= 0 P
k™
0 5% HOOOH @
0 Q
", 14

ﬂ\

A A 10-BER-1-(2,3,4,5-HEGHEA-6-H - D)t 7F-1-&

DCE (15 mL) W 1,2,3,4-H|EZHSA]-5-HE-AA (710 mg, 3.35 mmol, 1 eq) % 10-HEZRUI|x=d 2o
=(992.09 mg, 3.68 mmol, 1.1 eq)e] nlHkyl goo AICly (401.45 mg, 3.01 mmol, 164.53 ul, 0.9 eq)o] 7}

H a1l o]ojA] 25 ° CollA] 18A1ZF F¢F wHHE QT LONSE AElE] Edo] A3 ARHJSS BAFSTh. vks-
Z3Eo] DOM (15ml*3) o & 10ml HOZ F=HJTH ololA & 7150l S dxHol Ad=o] dojxirt.
AFEo] ZH4] Ayt A A2eE 239 (ISCO®; 20 g SepaFlash® Silica Flash Column, Eluent of 15-20%
Ethyl acetate/Petroleum ethergradient @ 45 mL/min)ZE AA A}, FE 10-B252-1-(2,3,4,5-H| EZH =

Al-6-W e -39 ) b 7F-1-2 (800 mg, crude)o] =AM A= dojx

MS (ESI): mass calcd. for CyHssBrOs, 444.15; m/z found, 445.2 [M+H]+.

A B. 1-(10-B 25 HA)-2,3 4, 5-H Eg}H| EA]-6-w & -l Al

TFA (15 mL) W] 10-H2X-1-(2,3,4,5-E| EgteEA-6-H - d) | 7H-1-2 (350 mg, 785.83 umol, 1 eq)®]
Hkgl golo] Eglo"dek(2.55 g, 21.91 mmol, 3.50 mL, 27.89 eq)o] 25° CollM 7 = aL, olojA 243k
Qb 80 ° CollA wWHE AT LONSE 2EtY Edo] 9hdd] ARHUSFS HolFort. v Z3hEo] 1Fatd]
Z5o] A Eo] dojxtt. FFEo] Z#4 Ay A ARwEIHI(ISCO®; 40 g SepaFlash® Silica
Flash Column, Eluent of 15-20% Ethyl acetate/Petroleum ethergradient @ 45 mL/min)% AA A}, =
1-(10-B2 2 44)-2,3,4,5-El E&ti| A -6-w & -4l4l (150 mg, 347.70 umol, 44.25% yield)& ¥4 2=
ATk,

off ol Rl
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[0283]
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[0285]

[0287]
[0288]

[0289]

[0290]

[0291]

ZIHSd 10-2022-0167944

MS (ESI): mass calcd. for CoiHssBrOs, 430.17; m/z found, 433.2 [M+3]+.

oA C. 2854, EFHd (10-(2,3,4,5-HEgt EA-6-wEad)d4) E2¥H 4

EFel (1 ol) W 1-(10-H 2R e14)-2,3 .4, 5-e| Egpvl| 5 Al -6-v & -1l 4l (130 mg, 301.34 umol, 1 eq) % PPh3
(344.51 mg, 1.31 mmol, 4.36 eq)®] WWFE &S 130 ° ColA Nyaoll 18A17F HoF 7Fdatgith. LONSE ~EHY
Edo] 93] ARHASS HAFAL. vk EFEC] HFdel FHFEH 2AAEC] dAHT. FHE]
prep-HPLC (FA condition).column: Xtimate C18 100#30mm#10um;mobile phase: [water(0.225%FA)-ACN];B%:
40%-70%, 10min®  AALACH. FFE ELHAI-[10-(2,3,4,5-HEDGHEA -6-H - D) b A | EAF5F(64.7
mg, 103.30 umol, 34.28% yield, 98% purity)o] =2t ¢ a7 Aojxr},

MS (ESI): mass calcd. for CsllsoO.P+, 613.34; m/z found, 613.6 [M+H]+.

1H NMR (400 MHz, DMSO-d6) & ppm 1.17 - 1.37 (m, 12 H) 1.40 - 1.59 (m, 4 H) 2.04 - 2.11 (m, 3 H) 2.49
(br s, 2 H) 3.55 - 3.60 (m, 2 H) 3.65 - 3.68 (m, 3H) 3.69 - 3.72 (m, 3 H) 3.76 - 3.81 (m, 6 H) 7.72 -
7.84 (m, 12 H) 7.87 - 7.97 (m, 3 H) 8.21 - 8.43 (m, 1 H)

1-7. 234, (10-(4,5-0H A 2-dEd ) D EYALEEEE o A

o S0CI, 0

I-Io’u\/\/\/\/\’gr — c|fu\/\/WvB’

60530-12-6

10 1-2
[a]
0 c,)!\/\/\/\./\/a' a .
o 1.2 /ﬂﬂ\/\/\/\/\« J El,SiH, TFA
o B
AICl;, DCE o
24 23

p . QO
N TICTTD

9A A 10-BER-HEI:Y F2gol=

DCM (4 mL) W 10-B.ZXEEZF AH(500 mg, 1.99 mmol, 1 eq)e &g &o SOCl, (947.36 mg, 7.96 mmol, 577.66

uL, 4 eq )7F H7FEA Y. vbS E3Eo0] 25° CollA] 2A13F &9t wutE T, TLCE AEFREZ o] R3] ARy

RS BAFAT. whg EFEo] WFstolA sFHATH. =AHES AAlskA ¥steh. & 10-2 257t
w9 ZFZ2to]|= (500 mg, crude)”’} FFHA o Uz AdojHr}

@A B, 10-H2X-1-(4,5-Y | A -2-w ) o] 2k-1-2

DCE (10 mL) W 1,2-twEA-4-md-wl4l (250 mg, 1.64 mmol, 1 eq) % 10-HZRU7}lwed FzZelo]l=
(487.17 mg, 1.81 mmol, 1.1 eq) &Mo] AlCl; (197.13 mg, 1.48 mmol, 80.79 uL, 0.9 eq)7} H7}& . &3+
Eo] 25 ° ColA 16A1F st wyrEQITh. LOMSy= 2B & o] hd3] ARHJSS HAFAT. e £FE
o] 0 (10 mL)= AHHAIL EFEo] AHRHATE. ¥ ofF=o] DM (20 nL=3) o2 F=E AT, F7150] &
Y H AL, NaSO/dell Al AxHaL, o sl Zet st A sFHHo] IRES AT IRl Zd4 dezt 2

I2uE 29 ([SCO®; 12 g SepaFlash® Silica Flash Column, Eluent of 0~20% Ethyl acetate/Petroleum
ethergradient @ 80 ml/min)E AAEAJL. FIE 10-E2E-1-(4,5-gH|EA-2-w&-3d) | 7F-1-2 (300
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[0302]

[0303]

[0304]
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mg, 737.59 umol, 44.90% yield, 94.740% purity)o] WA w2 Ao|HT},

MS (ESI): mass calcd. for CigllsoBrOs;, 384.13; m/z found, 387.0 [M+3]+.

1H NMR (400 MHz, CHLOROFORM-d) & ppm 1.32 - 1.38 (m, 2 H) 1.52 - 1.69 (m, 4 H) 1.78 (quin, J=7.13 Hz,
4 H) 2.28 (t, J=7.50 Hz, 2 H) 2.42 (s, 3 H) 2.79 (t, J=7.38 Hz, 2 H) 3.33 (t, J=6.82 Hz, 2 H) 3.84 (d,
J=4.25 Hz, 6 H) 6.59 - 6.70 (m, 1 H) 7.10 - 7.17 (m, 1 H)

GA C. 1-(10-E.2EHA) -4, 5-t] {5 A -2-H & dll =]

§

of
_l

TFA (10 mL) W 10-E2X-1-(4,5-tuEA-2-wE-Hd) e z-1-2 (250 mg, 648.79 umol, 1 eq)2 o
Et;SiH (1.82 g, 15.65 mmol, 2.50 mL, 24.13 eq)o] ZH7}= vk, EgE0] 80 ° CollA 2417 &9k wwkE| e},
LCMS= 2Bt E4o] ¢hds] ARHASTS HAFAT. W £ 1FatolA sFEo] A=
o}, ZFEe] ZH4 Austd a=2etE g3 (ISCO®; 20 g SepaFlash ® Silica Flash Column, Eluent of
0~15% Ethyl acetate/Petroleum ether gradient @ 80 mL/min)Z AAFATt. 3E 1-(10-H 25 d]A)-4,5-t]
W EA-2-w & -wlAl (130 mg, 350.07 umol, 53.96% yield)o] ¥+M e Ud= Aojxt}.

ne
2

A

MS (ESI): mass calcd. for Ciglls1BrO,, 370.15; m/z found, 371.2 [M+H]+.

1H NMR (400 MHz, CHLOROFORM-d) & ppm 1.14 - 1.35 (m, 12 H) 1.41 (dt, J=15.10, 7.65 Hz, 2 H) 1.73
(quin, J=7.16 Hz, 2 H) 2.09 - 2.19 (m, 3 H) 2.36 - 2.43 (m, 2 H) 3.28 (t, J=6.82 Hz, 2 H) 3.72 (d,
J=3.13 Hz, 6 H) 6.43 - 6.62 (m, 2 H)

SGA D, EEA, (10-(4,5-"yHEA -2-HEdfd) ) ESHLEAEE ¢

E3Fo (5 mL) W 1-(10-B 2R uA)-4, 5-tdEA-2-w&-wlA (100 mg, 269.29 umol, 1 eq)e] &9 PPh,
(353.16 mg, 1.35 mmol, 5 eq)o]l H7IEATt. TFEo] 130 ° ColA 2447 FoF WukE Tl LONSE ~EHE
Aol A3 ARHUASTS HAFAT. 7E EFE] AFFA EFHo] ZAHEC AT, IAFEO
prep~HPLC (FA condition:column: Phenomenex Luna C18 75%30mm*3um;mobile phase: [water(0.225%FA)-
ACNT;B%: 35%70%,35min) 2 AA= o] A3l 3¢S (40 mg, purity 93.747%)o] WA w2 dojHa, o]=
prep~HIPLC  (condition: column: Phenomenex Luna C18 75#*30mm*3um;mobile phase: [water(0.225%FA)-ACN];B%:
35%-70%,35min) 2 F7F2 E AT, 3sHE 10-(4,5-yHEA-2-HE-Hd) g A-EALD-EAZF (17 ng,
27.41 umol, 10.18% yield, 96.703% purity, FA)o] F2 o d& Aojxit},

MS (ESI): mass calcd. for CsylLgOoP+, 553.32; m/z found, 553.5 [M+H]+.

1H NMR (400 MHz, DMSO-d6) & ppm 1.16 - 1.31 (m, 10 H) 1.38 - 1.60 (m, 6 H) 2.16 (s, 3 H) 2.40 - 2.48
(m, 2 H) 3.56 - 3.60 (m, 2 H) 3.69 (d, J=2.75 Hz, 6 H) 6.68 (s, 1 H) 6.72 (s, 1 H) 7.74 - 7.85 (m, 12
H) 7.87 - 7.94 (m, 3 H) 8.44 (s, 1 H)

1-8.(10-(3-"d-1,4-Y&4-1,4-t 3ol =2zgd-2-d) fd) ETdd ¥ 27 4
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2B

HU\“/WW\,/QH 0
O — O U
-~
AONO, (NHL S50 DCM, 20°C, 2 hrs

ACN, H;0, T5°C, 12 hrs |

o (\
p’\/

\

\o/

Br ( /’\./‘\/
Tol, 120*’-‘0 16 hrs P

shihe 29 Az dA

Cpd.1 (10.0 g, 58.0 mmol, 1.00 eq) % Cpd.2B (12.9 g, 63.8 mmol, 1.10 eq)E H7}3}aL, AgNO; (9.87 g,
58.0 mmol, 1.00 eq)E ACN (100 mL) Z H0 (100 mL)Z AYRA T mpet ZEkado] @, E3Ed 00
(100 ml) W (NH),S:0s (15.9 g, 69.6 mmol, 15.1 mL, 1.20 eq)d] &AL 278y, E&Eo] 75 ° CollA <

3 &ol] 4A7F B wEkE vl LOMS (ET36187-5-PIL, Cpd.2: RT = 1.431 min)E FE2H oz 2RE (pd.l
2 PAAHE Cpd.25 HAFAT. EFES 20 ° C2 IAAHAT. £ %%% EtOAc (100.0 mL x 3)& 333},
7155 NalC03 (50.0 mL) ¥ @4(50.0 mL)Z AAHAT. F715S xyg— NA &3P, FHFES 248 3
2ulE 3 3](Si02, Petroleum ether/Ethyl acetate = 1/0 to 0/1)% AASFF ). Cpd.2 (5.91 g, 17.9 mmol,
30.9% yield) & WA LA Z AU},

shete 39 Alx At

DCM (200.0 mL)o.2 FHHA 34 T ueh Zkx~de] (pd.2 (2.00 g, 6.09 mmol, 1.00 eq)E F7}3}3IT).
CBr4 (2.42 g, 7.31 mmol, 1.20 eq) % PPh3 (1.92 g, 7.31 mmol, 1.20 eq) & EFEo| F7}slqict. W ES

Coll A 2A17F &<t wHksEIT).  TLC (Petroleum ether/Ethyl acetate = 15/1 Rf = 0.53)& 5:51%3 Cpd.2
‘;‘ PAHE (pd.35 HoIFATl. LOMS (ET36249-7-pla, Cpd.3: RT = 1.678 min)t= Cpd.3°] HFAEHASS B
Foth. AFoA . IFEo] A" m2rtE 19 (Si02, Petroleum ether/Ethyl acetate = 2/1 to
15/1)& BAAEAT. Cpd.3 (1.10 g, 2.81 mmol, 46.1% yield) S =T QA7 A},

1H NMR: ET36249-7-Pla (400 MHz, CDC13).

§ 8.07~8.09 (m, 2H), 7.68~7.70 (m, 2H), 3.41 (t, J =4 Hz, 2H), 2.63 (t, J = 8 Hz, 2H), 2.20 (s, 3H),
1.48~1.87 (m, 2H), 1.30~1.46(m, 15H).

A SFE Az B3

Cpd.3 (0.20 g, 511 umol, 1.00 eq)& Tol. (1.40 nlL)E ZFA¥ 17 T utet Zgkxdo] F7ean. &3
Eo] PPh3 (160 mg, 613 umol, 1.20 eq)E F7lalaich. N2& 33 &7|atgivh. 120 ° CollA 16417 H<F Ao
Ak, TLC (Dichloromethane/Methanol = 10/1, Rf = 0.50)% Cpd.37} 2R EHI ¥r$o] 4FHASS HFS
t}. HPLC (ET36249-13-ple)E FEA Y %71 91.2%9S HAFIT. AFAA FE3dke] Tol. (1.40 mL)E A
At e, FFES MeOH (4.00 m1)Z QAT JFF7FES prep-TLC (Dichloromethane/Methanol = 10/1)& A
stoith. FA(12.0 mg, 18.3 umol, 3.59% yield)S LAAM Aow A},

—

1H NMR: ET36249-13-P1d (400 MHz, MeOD-d4).

§ 7.88~8.04 (m, 2H), 7.75~7.87 (m, 15H), 3.42~3.35 (m, 2H), 2.63 (t, J = 8 Hz, 2H), 2.16 (s, 3H),
1.28~1.69 (m, 16H).

1-9. Eg8 {4 (10-sdd ) EAEF Z2gol= FA
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Br —.P = - »
WW\/\Er -
THF, 0-15 9C, 48 hes Br  Tol 100°%C, 12 s

4w 29 Az A%

Cpd.1 (3.00 g, 10.0 mmol, 1.00 eq)= THF (7.50 mL)ol 0 ° CollAd H7}stdct. EFES N22 39
2713k th. PhLi (1.80 M, 1.83 mL, 0.33 eq)E & 0 ° CollA H7Fslith. 1 AIxF 59k 0 3]
3L, 15° C2 713k, 48A17F &<k 15 ° CollA wHkelit}. TLC (Petroleum ether : Ethyl acetate= 1 : 0
Rf (Cpd.2) = 0.60)% Cpd.1°] £REI JEgo] ARFHYSS HAFUL. AFolA FF38tt. F7H4A= 8
A ekl Cpd.2 (2.30 g, crude)E T 9= At

i
o

1H NMR: ET41362-1-P1C1 (400 MHz, CDC13)

§ 7.27-7.26 (m, 2H), 7.19-7.17 (d, J = 8 Hz, 2H), 1.89-1.82 (m, 15H), 1.59-1.52 (m, 9H), 1.30 (s,
32H), 0.94-0.90 (t, J = 8 Hz, 12H).

EFAI(10-Ad ) T AT SF2elo)=9] A% dAxp

Cpd.2 (0.70 M, 11.0 mL, 1.00 eq)E EFM(27.0 mL)ol 15 ° ColAl H7Fskgith. PPh3 (4.06 g, 15.4 mmol,
2.00 eq)E LMo A EYPTr. TIELS N2Z 3 &5k 100° CE 7MEskg k. 12417 EoF 100° CollA
w3} . TLC (Dichloromethane : Methanol= 20 : 1, Rf (target 1) = 0.30)E (Cpd.27} A2RE I ¥kSo] &8
HASS wmAFAT. T E=agct. AgsbAa aEvtE 183 (Dichloromethane : Methanol= 100 @ 0
to 20 : DE ZAAEL AT, T4 1 (27.0 mg, 54.8 umol, 7.09e-1% yield, 97.5% LCMS (ET41362-3-
P1J1) purity)S =24 o= A},

1H NMR: ET41362-3-P1J1 (400 MHz, CDC13)

§ 7.79-7.71 (d, J = 32 Hz, 15H), 7.28-7.16 (m, 6H), 3.95-3.74 (m, 4H), 2.59-2.55 (t, J = 8 Hz, 2H),
1.62-1.56 (m, 4H), 1.25-1.20 (d, J = 20 Hz, 10H).

1-10. (10-APo| SR AL B A ESHdELEF FESo|E Y

Q.
* - — O\/\/\/\/\/\ =
"
CuliCly, THF Br  Tol. 100°C, 12hrs

0-15°C, 21 hus
1 3
AN
O 20
nUA
F Nf

shete 3¢9 A= dA
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[0334]

[0336]

[0337]
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[0339]
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[0341]
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[0343]

[0344]

[0345]
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THF (3.00 mL)el Cpd.1 (3.00 g, 10.0 mmol, 1.00 eq)S 0 ° CAlA Hrtstgth, =IES N2 39
gr1ekgdrt. 9o CuliChy (0.10 M, 999 uL, 0.01 eq)S H7Fstgdth. Cpd.la (1.00 M, 12.0 mL, 1.20 eq)E

0 ° ColAl &dol] H7tslsdt). 1AIF <t 0 ° CollA wrkE s, 15 ° C2 7F23Slth. 204175 15 ° Coll A
ke k. TLC (Petroleum ether : Ethyl acetate= 1 : 0, Rf (Cpd.3) = 0.80) & Cpd.1°] AR %3l HFS-0]
AFHASS RAFAT. JAFAA FE5sAch. F7HEAE A &Adth. Cpd.3 (3.90 g, crude)S FAHLLURZ
ATk,

1H NMR: ET41362-2-P1C1 (400 MHz, CDC13)

§ 3.43-3.40 (t, J = 8 Hz, 1H), 1.70-1.67 (m, 15H), 1.20-1.12 (m, 14H), 0.90-0.84 (m, 8H).

(10-Alel 228 g ) ERdEATy FReol=9 Az A3}
Cpd.3 (0.70 M, 18.3 mL, 1.00 eq)S EF(16.0 mL)o] 15 ° ColA 713t t}l. PPhs (6.74 g, 25.7 mmol,
2.00 eq) S glo] HrpEIAT. EFES N2 33 B)E I, 100° C2 71Eadd. 1247 $oF 100° ColA L

Hksloi . TLC (Dichl oromethane : Methanol= 20 : 1, Rf (target 2) = 0.20)& Cpd.30] AE %l whgo] 247
HUSS HAFA. JAFoM FFH3AY. 2AAES Ao azntE g9 (Dichloromethane : Methanol=
100 : 0 to 20 : 1); xgxﬂs}%‘t}. Al 2 (0.02 g, 40.4 umol, 3.14e-1% yield, 98.1% LCMS (ET41362-4-
PLJ1) purity)E& =2 o= A9},

1H NMR: ET41362-4-P1C1 (400 MHz, CDC13)

§ 7.89-7.70 (m, 15H), 3.83 (s, 2H), 2.60 (s, 2H), 1.68-1.62 (m, 9H), 1.18 (s, 18H), 0.87-0.79 (m,
2H).

1-11.(10- (3, 4-"dE #Hd) ") EVd X2XH HIvol= Ax.

.3\JL=/H/H/H/‘\,5’
1-2 (1.10 eq), ACI; (0,60 eq) I a. E18 (25.0 eq)
\ﬁ - Sy v et ae s -
AN SE (7.0 S, 18 hrs | = TFA (7.00V), 80 °C, 2 hrs
31 32

PPhy (5.00 eq) { %

DAN\/\/\/ - N PP
Tol (7.00\). 130 °C. 24 hrs O

33 $8-8003

DCM (210 mL) W 10-E.2XEZFHAH(30.0 g, 119 mmol, 1.00 eq) &0 SOCl, (56.8 g, 478 mmol, 34.7 nL,
4.00 eq) S 7SI T. EEES 25TCoA 1A7F 5<F watskeitt.  TLC1 (Petroleum ether : ethyl acetate
5 : 1, Rf (start material) = 0.30, Rf (product ) = 0.52)2 &HEHo] 43| ARHISS HFUL.
TES AFAAM FHFAHY. 10-R2R2 7Y F2240]=(30.0 g, crude)”} =g oAz dojH
B

v

A B. 10-BE2X-1-(3,4-tu g d) g zk-1-&

DCE (35.0 mL) W o-AFd# (5.00 g, 47.1 mmol, 5.69 mL, 1.00 eq) ¥ 10-E2RU7x=d ZFZgo|= (14.0
g, 51.8 mmol, 1.10 eq)®] &Mol AICl; (5.65 g, 42.4 mmol, 2.32 mL, 0.90 eq)7} H71=H AT, EFES 25T
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ol A 16A17F &<F wnkslsity, TLC (Petroleum ether : Ethyl acetate = 5 : 1, starting material Rf = 0.70,
Rf (product) = 0.88)%= &W&EHo] s ARHASS HolFtt. £3ES E5E(50.0 nL)oll i DCM
(50.0 mb)o2 FZ3tt. A28 28tz AFdA s=FAHT. AFES AHIZvEIHI(SI02,
Petroleum ether : Ethyl acetate =1 : 0 to 1 : 1E AAsAT. 10-HER-1-(3,4-tdeEdd)dzt-
1-2 (6.00 g, 13.4 mmol, 28.3% yield, 75.5% purity)S HNMR (ET47086-1-P1A2) % LCMS (ET47086-1-P1A1, T
=0.996, M+ 1 =2339.2)2 &3 w=erd A2 A},

1H NMR (400 MHz, CHLOROFORM-d) & = 7.74 (s, 1H) 7.70 (dd, J = 7.60, 1.64 Hz, 1H) 7.21 (d, J = 7.60
Hz, 1H) 3.41 (t, J = 6.80 Hz, 2H) 2.93 (t, J = 7.60 Hz, 2H) 2.32 (s, 6H) 1.86 (quin, J = 7.20 Hz, 2H)
1.73 (quin, J = 7.20 Hz, 2H) 1.26 - 1.49 (m, 10H)

aA C. 4-(10-B25dA)-1, 2-tj=E -l
TFA (7.00 mL) 4] 10-B22-1-(3,4-gd 2z d)ez-1-< (1.00 g, 2.95 mmol, 1.00 eq)e] &M Et,SiH

(8.57 g, 73.7 mmol, 11.8 mL, 25.0 eq)7} H7F¥Att. ZFIES 80ToA 241%F F<et myukelich. TL
(Petroleum ether : ethyl acetate = 5 : 1, Rf (start material) = 0.7, Rf (product) = 6)%5 SEHo]
HA3] 2RHASS HAFAY, EFES E(10.0 mL)ol] i, o]ojA EtOAc (5.00 mL x 3)& FE3tar, §3h
F715S 94(10.0 )2 AHEIT. FFES AHUI=ZnEad9(Si02, Petroleum ether :  Ethyl
acetate=1 : 1 to 0 @ D& AASIYTE. 4-(10-B2rd2)-1, 2-tHg-41(0.20 g, 615 umol, 20.8% yiel
S Tz A,

@A D BEEulo]l= 10- (3, 4-uHEHd) Ha Egd £ A

(@]

4

5

Tol. (7.00 mL) W 4-(10-B.2xd2)-1, 2-tjuEd-wlAl (0.20 g, 618 umol, 1.00 eq)2] &<Mol]l PPhy (806 mg,

3.07 mmol, 5.00 eg)o] H7ZIHAT}F. EFES 130ToA 18A7F <k wwalitd. TLC1 (Dichloromethane :
Methanol = 5 : 1, Rf ( product) = 0.4), TLCZ2 ( Petroleum ether : Ethyl acetate = 5 : 1, Rf (start
material) = 0.8)% EdEdo] &8 2R AL BAFIT. EFES AFNA sF5AHT. IFES PE
DMIBE = 2 @ 1 (1 mL)E 25TelA 30% &<t 48y, BE2ufol= 10- (3, 4-"dHEdd) old Egdd
EAEFEA0.05 g, 84.2 umol, 13.6% yield, 98.9% purity, Br-)S WA A2 A5, o]= HNMR (ET46959-
5-P1B1), LCMS (ET46959-5-P1B1, T = 2.958, M+ = 507.2, HPLC (ET46959-5-P1A3, T = 4.121, Purity = 98.9
%)= A=A

1H NMR (400 MHz, DMSO-d6)

§ =7.93-7.86 (m, 3H), 7.84 - 7.73 (m, 12H), 7.00 (d, J = 7.60 Hz, 1H), 6.92 (s, 1H), 6.86 (br d, J
= 7.60 Hz, 1H), 3.56 (br t, J = 14.4 Hz, 2H), 2.48 - 2.43 (m, 2H), 2.16 (d, J = 5.20 Hz, 6H), 1.57 -
1.38 (m, 6H), 1.20 (br d, J = 15.2 Hz, 10H)
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1-12.10-(2,5-t ¥ EA]-3,4-tHE-H ) A-EgHL-FAXF AZX

oK 0
~ MeyS0,(2.50 eql. KCH(2.50 eq) N
- |
MeOH {7.00 V). 25 °C, 24 hrs Z
H O
4-0 41
~n & Mmoo Bt o0~ o
1-2 (7.10 2q). AKCI; (0.80 eq) = Br Et;SiH (25.0 eq)
- | -
CCE {7.00V),25°C. 18 hrs Z TFA(7.00V), 80°C, 2 hrs
-~ ~
41

.

7Y

NN TN

SB-BD04

A A 10-BERE-1- (2, 5-UHEA]-3, 4-tuE-dd) dgzk-1-2

EtOH (70.0 mL) W] 2,3-tm&wldl-1,4-v]% (11.0 g, 79.6 mmol, 1.00 eq)] &<¥o] KOH (11.2 g, 199 mmol,
2.50 eq) ¥ fWg AFolE (25.1 g, 199 mmol, 18.9 mL, 2.50 eq)7} H7}EUt. EIEE 0CollA 3.54 7
FoF wwrE AT, TLC1 (Petrileum ether : ethyl acetate = 5 : 1, Rf (start material) = 0.10, Rf
(product ) = 0.70)2 &LEHo] A3 AEHISS HAFY. £FES 3M HCl (100 mL)ol F-2 Thg, ©]
o] PE (50.0 mL x 3)& F&3&tar, &3 F71=<S 1M HCL (50.0 ml), water (50.0 mL), brine (50.0 mL)&E Al
Aslgrt., AFEL A7 A2vlE 1893 (Si02, Petroleum ether : Ethyl acetate = 1 @ 0 to 0 @ 1= AA
Stk 10-B2RE-1- (2, 5-g|EA]-3, 4-gud-#d)u|z-1-2 (6.00 g, 36.1 mmol, 45.3% yield)o] ZA
TAZ doJHa, LCMS (ET46959-3-P1A1, T = 0.795, M + H = 167.3) 2 HNMR (ET46959-3-P1A1) & =l=] ¢},
1H NMR (ET46959-3-P1A1, 400 Mz, DMSO-d6)

§ =6.71 (s, 2H), 3.70 (s, 6H), 2.06 (s, 6H)

A B. 10-BE2X-1-(2,5-tHEA]-3 4-tde-Hd) g gk-1-&

DCE (7.00 mL) W 1,4-tjHEA]-2,3-tjud WAl (1.00 g, 6.02 mmol, 1.14 mL, 1.00 eq) % 10-H 2R H|7}w
d Z2go]=(1.78 g, 6.62 mmol, 1.10 eq)2] &Mof AICl; (722 mg, 5.41 mmol, 296 uL, 0.90 eq)E #H7}s}

Gk, EFEL 25TolA 2417 FoF wwkEdth, TLC (Petroleum ether : ethyl acetate = 5 : 1, Rf (start
material) = 0.83, Rf (product) = 0.72)= E&EHo] A3 AEFHUSS HAFAUL. vkg TFELS 00

(10.0 mL) 2 AAHAL EFELS AT}, 9hE o FA2 DM (20.0 L x 3)oZ F2HAT. F7]742 &
FH A, NaSOdelA AxEAD, A3y ¢ stollA &5 ARES 0. 7

2
|

23] (Si02, Petroleum ether : Ethyl acetate =1 : 0 to 0 : DE AASAY. 10-H
3, 4-uE-Hd)Hzk-1-2 (500 mg, 1.25 mmol, 20.8% yield)o] =¥ A=
(ET46959-6-P1A1), LCMS (ET46985-6-P1A2, T = 1.011, M + H = 399.3)% &<l c}.

1H NMR @ (ET46959-6-P1A1, 400 MHz, DMSO-d6)

§ =6.89 (s, 1), 3.76 (s, 3H), 3.59 (s, 3H), 2.93 (t, J =7.20 Hz, 2H), 2.16 (s, 3H), 2.11 (s, 3H),
1.39 - 1.24 (m, 16H)

@A C. 1-(10-B2 544 )-2, 5-t v 5A] -3, 4-t] v D -ul Al

TFA (5.00 mL) 4 10-E2ZE-1-(2,5-Hw5A]-3,4-t - d) b 7H-1-2 (500 mg, 1.25 mmol, 1.00 eq)9] &
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Mol Et,SiH (3.64 g, 31.3 mmol, 5.00 mL, 25.0 eq)o] H7}EAtt. E3FEo] 80TCANA 2417+ EoF wHkE Q).

TLC (Petroleum ether : ethyl acetate = 5 : 1, Rf (start material) = 0.7, Rf (product) = 0.6)& W&
Aol 93] ARYUSS BoFUrt. E¢Eo] E(10.0 L)l FoJAar, o]o]A EtOAc (5.00mL x 3) = 53
3, 3 {715 A9(10.0 mAHEAT. FRE] Ay AZvlEIH S (Si02, Petroleum ether : Ethyl
acetate = 1 @ 0 to 0 : DE BAFAT. 1-(10-E22HA)-2 5-tHEA]-3 4-t)del-wl4l (0.20 g, 519
umol, 41.4% yield)o] €2 =ghd od=x dojya, ol IR (ET46959-8-P1A), LCMS (ET46959-8-P1A, T =
1.055. M + H = 385.3) = &l ).

1H NMR (ET46959-8-P1A, 400 MHz, DMSO-d6)

§ =6.63 - 6.56 (m, 1H), 3.70 (s, 3H), 3.54 (s, 3H), 2.10 (s, 3H), 2.02 (s, 3H), 1.77 (q, J = 7.20
Hz, 2H), 1.59 - 1.48 (m, 2H), 1.41 - 1.21 (m, 14H))

@A D. EFAE, 10-(2,5-THIEA-3 -t d-sd) dA-Eud-2AX 59

Tol. (3.50 mL) W 1-(10-B2RHA)-2,5-td|EA]-3, 4-t] & -dA(0.20 g, 519 umol, 1.00 eq)2] &M
PPhy (272 mg, 1.04 mmol, 2.00 eq)e] #H7FHTE. EFFo] 130TolA 18AFF F<F awrx ATk, TLCL
(Dichloromethane : Methanol =5 : 1, Rf ( product) = 0.4), TLC2 (Petroleum ether : Ethyl acetate = 5 :
1, Rf (start material) = 0.8)= EFUEdo] 94A3] LR FHUSS HAFJAT. EFEL AFNA 5FHHUC.
ZHE-2 prep-HPLC (column : Phenomene x Luna C18 75 x 30mm x 3um; mobile phase : [water (FA) - ACNJ;
B%: 40% - 75%, 8min)E AAEJT. TEA, 10- (2, 5-uWEA-3, 4-tud-mHd) bHA-Egdd-T AT H
©1(30.0 mg, 52.5 umol, 10.1% yield, 99.3% purity)o] =2b¥ Ho=z Aoy, o] HWR (ET46959-9-P1A),
LCMS (ET46959-9-P1A, T = 2.938. M+ = 567.2), HPLC (ET46959-9-P1B, T = 4.052, Purity = 99.3%) 2 &1
ATk,

1H NMR (ET46959-9-P1A, 400 MHz, DMSO-d6)

§ =8.52 (s, 1H), 7.92 - 7.86 (m, 3H), 7.83 - 7.74 (m, 12H), 6.61 - 6.56 (m, 1H), 3.70 (s, 3H), 3.54
(s, 5H), 2.10 (s, 3H), 2.02 (s, 3H), 1.56 - 1.38 (m, 7H), 1.30 - 1.15 (m, 11H)

1-13.(10- (3, 4-tHEAHY) HA) EQdEAETE B2ufo|= A=

N
o 1-2 (1,10 eq), AICI; (0.90 eq) - I o E1,3ik (25.0 eq)
0 - 2 -
~o DCE (7.00V), 25°C, 18 hrs N TFA (7.00V). 80 °C. 2 hrs
21 2.2
(10-{3.4-dimethoxyphenylidecyltnphenylphosphonum bromide
~ " AR \ 7/ 7
e B PPh; (1.10 eq) h I |
= O A~ Br
~0 Tel. (7.00 V). 130 °C, 24 Iws
o
2-3 SBUDG

A 10 10-B22-1-(3,4-t W EA H ) g 7-1-&

DCE (35.0 mL) W 1,2-tju|EA1dAl (5.00 g, 36.2 mmol, 4.63 mL, 1.00 eq) ¥ 10-B2RU7I-d FZdlo]=
(10.7 g, 39.8 mmol, 1.10 eq)s] &Me] AICI15(4.34 g, 32.6 mmol, 1.78 mL, 0.90 eq)”} H7}E AT, E3Eo]

25Coll A 16A17Hs¢ ks e, EghEo] I3%(50.0 mL)ol F-oJ#aL DM (50.0 mL) o2 FZES Ak, 714
o] HeE|x1a FFAA FE=HATh. AFEo] AHIAZnE 1T (Si02, Petroleum ether : Ethyl acetate = 1
20 to 1l DE AAEAJL. 10-B2R2-1-(3,4-tuSA =) dxk-1-=2 (3.00 g, 7.92 mmol, 21.8% yield,
98.0% purity)e] ®A dAZ Ao},

MS (ESI) : mass calcd. for CI18H27Br03, 370.11; m/z found, 371.2 [M + H]+.

1H NMR (400 MHz, CDC13-d)
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§ =7.59 (dd, J = 8.32, 1.96 Hz, 1), 7.54 (d, J = 1.96 Hz, 1H), 6.89 (d, J = 8.44 Hz, 1H), 3.95 (d,
J =3.32 Hz, 6H), 3.41 (t, J = 6.84 Hz, 2H), 2.92 (t, J = 7.40 Hz, 2H), 1.85 (quin, J = 7.16 Hz, 2H),
1.66 - 1.78 (m, 2H), 1.27 - 1.50 (m, 10H)

A 20 4-(10-B2RdA)-1, 2-t] W S A Al

TFA (15.0 mlL) W 10-H2%-1- (3, 4-tWEAHEY) dz-1- (2.00 g, 5.39 mmol, 1.00 eq)2] &d
EtsSill (15.7 g, 134 mmol, 21.5 mL, 25.0 eq)°] H7}= ATt E3E0] 80TAA 1A7F FoF wRtE Y. &3

o] AFNA F=Hrt. AFEo] A4 I EnlE 189 (Si02, Petroleum ether : Ethyl acetate = 1 : 0 to
10 @ D2 ZASEJG. 4-(10-222dA)-1,2-t# S A -4ll4(1.00 g, 2.79 mmol, 51.7% yield, 99.5% purit
y)o] OﬂO La}/\ﬂ %97 0401 1:]_

MS (ESI): mass calcd. for CI18H29BrO2, 356.14; m/z found, 357.2 [M + HI+.
A 3 (10-(3,4-"UHEAA D) H2DH EGHLEATHF HEnfo|=
Tol. (1.40 mL) W 4-(10-B.2XH2)-1,2-t] W EA]-HA (200 mg, 559 umol, 1.00 eq)e] -&He]] PPh; (161 mg,

615 umol, 1.10 eq)e]l H7FHEATF. EFEo] 130TolA] 12A] 2+ Eok wwrEATk. EFEo] oA
SEHAT. ZAYES MeCN (2.00 mL) 22 20TolA 1AZF St afgtar, o]oj4 9 (neutral condition)
oz AABATE. 10-(3,4-tdEA ) ga-Eg E.Eﬁ(%OIm,%BLmﬂ,MA%ymM,%B%
purity)o] =ghd Ho =z Aojx

MS (ESI): mass calcd. for C36H44Br02P, 618.23; m/z found, 539.2 [M]+.
1H NMR (400 MHz, DMSO-d6)

§ =7.85-7.95 (m, 3H), 7.73 - 7.84 (m, 12H), 6.82 (d, J = 8.16 Hz, 1H), 6.75 (d, J = 1.84 Hz, 1H),
6.66 (dd, J = 8.08, 1.83 Hz, 1H), 3.70 (d, J = 7.96 Hz, 6H), 3.48 - 3.63 (m, 2H), 2.47 (br s, 2H),
2.07 (s, 1H), 1.37 - 1.59 (m, 6H), 1.10 - 1.32 (m, 10H)

1-14.Mito—CP(2,2,5,5-H E&HE-3-(((10-(EFHALEAZX Y ) FA)SAN 2R Y ) A S d-1-SHo|E) ¥
Mito-CP’(2,2,5,5-El Eetdd-3-((2-(EH Y EA XU Q) EA )72 ) 22 -1-2F 0| E) A %

Q,

0
OH cl
+socl, —
N N

0@ e
7
0.0 ©
PPy O O~ E
5 PPh; s ® PPhg
e —— O i "
n n pyridine N o
o N, %
n n o
5a 1 6a 1 Mito-CP* (8) Mito-CP (9)
5b 9 6b 9

2-slE=FA Y ) Eddd £ ¥ F(6a).

2-H 2 Ro|ekE (1.5 mmol), PPhs (1.0 mmol), & oMAEYEZ (20 mL)o EFES 24A)17F < 37830},

deow Pzt Fol, gt A4 S Ba AANAYG. AF AT 20U o 2R 28] AH s}l
EXNYFSA 6as AU, VYield: 77%; 1H NMR (400 MHz, CDCI3) & 7.95 - 7.56 (m, 15H), 5.21 (s, 1H),
4.14 (d, J = 16.6 Hz, 2H), 3.83 (s, 2H).

(10-3] =5 A d)2) E 2] ol d = F 4 (6b).

6aol ¥ HAE 10-E2EUZHE (1.5 mol) I} A ALt AHES 244 od=2 doYt. Vield: 85%; 1H
NMR (400 MHz, CDCI3) & 7.92 - 7.83 (m, 6H), 7.79 (dd, J = 7.7, 5.8 Hz, 3H), 7.70 (m, 6H), 3.91 - 3.81
(m, 20), 3.63 (t, J =6.6 Hz, 20), 1.69 - 1.50 (m, 12H), 1.31 (m, 4H).

2,25, 5-HEgE-3-((2-(Eg]AdEAT YU ) EA) 7t 2R Y) I EU-1-2 8 o] E(Mito-CPs; 8).
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Al W 3-7t2EA-2,2 5 5-HEgHE g S d-1-2¢ o] E(7, 1.0 mmol)2] & 22 (1.0 nmol)e] H7}H
vk, Eepads obolz wizel A A% WD Bed FEetolS(2.0 mol)E 1A B Arbed. &
= JAE FES 53 AAHEYSY. A FAFEG -8 =FA YY) EYHLYEAYF(6a, 1.0 mmol)S TE
2R E(10 mL)o &aAIFHTE. o] &dd, HFU(1.0 mmol)S ofo]x HlA sl Hrlslar ALdA 66X F
ﬁﬂ.d%~§}ae 23} 4 NalHCO; & o=z WAL odolAElo]E(60 ml x 3)&2 FE33T.
ek F715S IR AFHSL, NaSOdolA dxAIZ|a, oJFsta, AFolx FLAIZAT. 2AHES MPLC
(MeOH 5% in DCM)ZE HA Sl 2ES AUt (21%); HRMS (ESI, m/z) calculated for CogHaNOsP [MI+
475.2276, found 475.2260.

2,2,5,5-HEZE-3-(((10-(EgHd E2x ) u) SAD)7t2R ) v E28d -1-27°]E (Mito-CP; 9).

89 A HAE (10-3 =AU ) EYAYZAZH(6b, 1.0 nmol)F 3] 2&ste] 95 244 odz At}
Yield: 24%; HRMS (ESI, m/z) calculated for CsHsoNOsP [M]+ 587.3528, found 587.3524.

1-15.Mi toQ : ((4,5-T W] S Al 2-71 9-3,6-T] S 2N FE2 A1, 4-T) - 1-Y) D) E L E L EHF BREulo]= A

Z.

OMe OMe (o} o
M= HCHO, HBr MeO gr  (NHg)Ce(NOa)g MeO B PPhs MeO i%)Ph
- HE N R T 3
MeO MeO MeO MeQ
OMe OMe (e} (0]
1 2 3 MitoQS (4)

1-(B22uE)-2, 3 4,5-HEuEA-6-w 2wl (2).

1,2,3,4-H Egr| S -5- il (2
(10 mL)ell EsiAIZTE. o]oiq Edt=a

721 g, 12.7 mol) B Stz Eds= (0.763 g, 25.4 muol)Z 47% HBr
S 40TColA 2A1F FF wykskal Aol FAt. whgo] ghud &, A4
ES 40 nb) o2 FE30 e fU|5S AR AAClE A dxedvt. Fe &ulE FdA AAS)
o Bre w9 2 AA33EA T (vield: 88%); 1H NMR (400 MHz, CDCI3) & 4.61 (s, 2H), 3.95 (s,
3M), 3.93 (s, 3H), 3.89 (s, 3H), 3.79 (s, 3H), 2.27 (s, 3H); 13C NMR (100 MHz, CDCI3) & 148.5, 148.0,
147.8, 144.7, 126.6, 124.9, 61.3, 61.1, 61.1, 60.8, 26.6, 11.1.

i

2-(B 2R E)-5 6-TH|EA]-3-w e A F 23 AL-2 5-t]dl-1,4-T](3).

il
i
2

ZZHA 2 (211 mg, 0.687 mmol)E THF (10 mL)el

SAACE. o]o] - E(10 mL)ol] ¥ AdxE AF(IV

(1.5 g, 2.74 mmol) & WS EIEo Hrslgy). TIES Ao 2 A7 Fob wHkslgY. e g8 &
A EFES DM (20 mL) o2 FE3taL FE2ES T80 2 W7k 52 AHSA. oo 3 {7]F
S AF AICE AdA HdxA7a F2 &uE Ao AAsRE. ARES *‘317}7.4_1 AzvtEIY 2

AAF] @A oA 38 AU (yield: 45%); 1H NMR (400 MHz, CDC13) & 5.39 (s, 2H), 4.03 (s, 3H),
4.02 (s, 3H), 2.17 (s, 3H); 13C NMR (100 MHz, CDCl3) & 183.9, 181.6, 145.0, 144.5, 141.7, 137.6,
61.4, 61.3, 21.5, 12.0; MS (ESI, m/z) calculated for CyH;2BrO, [M+H]+ 274.99, found 275.00.

((4,5-Hr5A]-2-mME-3,6-H S A S 2 A1, 4-Hd-1-D)vd) Edfad £ 22w (MitoQs; 4).

3 (22.31 mg, 0.0726 mmol) PR EFFALHXE~A(57.1 mg, 0.218 mmol)S ACN (10 ml)ell &3|A17]2 WH-g EFE
S WA SRAZT. Ao A7t &, @ s Tl AAGST. AFES At A2vtE 17
7 ZAlete] B 1A 42 AUrH(yield: 18%); 1H NMR (400 MHz, CD30D) & 7.88-7.81 (m, 3H), 7.70-7.64
(m, 6H), 7.62-7.55 (m, 6H), 3.80 (s, 3H), 3.52 (s, 3H), 3.34 (s, 2H), 1.81 (d, J = 1.5 Hz, 3H); 13C
NMR (101 MHz, MeOD) & 182.74 (d, J = 3.3 Hz), 182.65 (d, J = 2.3 Hz), 145.80, 145.70, 145.21, 143.96,
135.27 (d, J = 3.0 Hz), 134.30 (d, J = 10.1 Hz), 130.37 (d, J = 12.8 Hz), 118.14 (d, J = 85.9 Hz),
61.31, 61.26, 24.81 (d, J = 49.8 Hz), 14.68 (d, J = 2.7 Hz); HRMS (ESI, m/z) calculated for CasHsOsP

[M]+ 457.1563, found 457.1566.
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1-16. Mito-VitE:2-(6-3]=FA|-2,5,7,8-HEZHHE I Z7-2-U)d D) EHdEAEXF A|X.

floH
o e} %\MQBF %(\/O (o] HO HO
OH

Y\/OH DHP, PPTS Y\/
0 CH3Cly, 1t lo) U THF, rt U Formic acid o OH

10 11 12 13
EtsN, Mscl  MsO Nal, PPhy  MsO. -~ LDA HO
CH,CI CH,CI THE
& o oms PR 7o PPhs o PPhs
14 15 Mito-VitE (16)

4-(E| Eg}s| =2 -20-7] @-2-Y ) Fek-2-& (11).
CHCly (15 ml) W) 4-3]=EA)Hek-2-2 (11.35 mmol) 2 3,4-t]3|=2-20-3] & (15.89 mmol)e] &N, g t]

F p-BFAMEVOIE(L135 mol. 0.1 c) B A7Fha AeelA 447 S wusgnt. olold Wy £
& AN BFHFL AFEL E20 (50 nl)ol SN o F Esh F4 NaCl (40 L) B 1O (10 nl)E Al

Hsla, 4 MgS0,= xsta, ofFdsta AFdA] s53te] StE 11 AU, Vield: 64%; 1H NMR (400

MHz, CDC13) & 4.60 (t, J = 3.4 Hz, 1H), 4.00 (dt, J = 10.2, 6.2 Hz, 1H), 3.89 - 3.80 (m, 1H), 3.69
(dt, J = 10.1, 6.3 Hz, 1H), 3.55 - 3.45 (m, 1H), 2.71 (t, J = 6.2 Hz, 2H), 2.20 (s, 3H), 1.83 - 1.64
(m, 3H), 1.60 - 1.54 (m, 3H).

- E-5-((H Eg}3| =2 -20-¥] &-2-4) A ) T E-1-<1-3-2(12) .

Hldnl oy B2ro]=(13.35 mmol)E THF (25 ml) W 11 (5.81 mmol) &Hol -78 ° CollA H7}&AT. o=
2A17F wob b 3 thS 3080 A HAeow sFedrt. I3} A NHCl (50 mL)E FH7FElal o] E Et. 0=
=5tk ek §713S 23t A NaClz2 AlFekar, 79 MgS0 oA dxsta, oidsti w53dte] 22
T 02de A}, ZAAES WPLCE AASIATE. Yield:93%; 1H NMR (400 MHz, CDC13) & 5.90 (ddd, J
6.7, 10.7, 5.8 Hz, 1H), 5.38 - 5.27 (m, 2H), 5.10 (ddd, J = 10.3, 8.7, 1.4 Hz, 1H), 4.67 - 4.53 (m,

1), 3.97 (dt, J = 9.7, 4.2 Hz, 1H), 3.83 (td, J = 11.5, 5.6 Hz, 1H), 3.59 - 3.45 (m, 3H), 1.97 (m,
1H), 1.80 - 1.72 (m, 2H), 1.59 - 1.49 (m, 3H), 1.29 (t, J = 5.0 Hz, 3H).

e

[e]

s

—

2-(2-3| =5 A" )-2,5,7,8-HEZGME AZR-6-8 (13).

EE2H10 m1) W 12 (5.39 mmol) Z A= A ZxFH 2,3,5-EfuEulAl-1 4-t]2 (4.49 mmol)e] §No] AALZ}

7 skl 3.5A13F F¢F SFHdY. vk EfES ol Aol Xa fUl=ES B2 FESIIY. §ek f7

A BO0E M, o MgS0,2 Axsti, IFolA w533k, 244 4 IFES MeOl E conc. HClol
GafAl7]aL of= Sl A 304 st FAIZT. BWiE lFolA AT 5, AFES Et00] &sAIZT. of
22 bl 0, E3F 4 NallCOs, H02 WAl AlFstar, <= MgSO,= Hxshal, ojfstar, FHsko] 24 &

ATk, ZAEES WPLCE AASY 33ES Ao, Yield: 35%; 1H NMR (400 MHz, CDC13) & 5.30
(s, 1H), 4.23 (s, 1H), 3.97 - 3.86 (m, 2H), 2.66 (dd, J = 9.8, 6.2 Hz, 2H), 2.17 (s, 3H), 2.12 (s,
3H), 2.09 (s, 3H), 1.97 (m, 2H), 1.93 - 1.82 (m, 2H), 1.29 (s, 3H).

e
o

2,5,7, 8~HEZGHE-2-2-((MEAxd)SA ol &) ZZTH-6-d Webd X o] E(14).

CHCly, (2 m1) W 13 (0.479 mmol) ¥ EZodoll (2.88 mmol)e] &Moo wgbkd¥xd F=2eto]=(1.055 mmol)
E #HUbsta A-2oA 1 A7 FoF nnkegith, Wk E3ES CHCL.(20 mb) 2 A5, oA S H0Z A3
ShaL, T MgSO,E 7AXA|7|aL, odstar, JAFdA] FFste] WA nAE AATE. o]E EtOHRHFH A2~}

of APES AATE. Yield: 43%; 1H NMR (400 MHz, CDC13) & 4.56 - 4.45 (m, 2H), 4.41 (dd, J = 14.8,
8.7 Hz, 2H), 3.25 (s, 3H), 3.00 (s, 3H), 2.63 (t, J = 7.0 Hz, 2H), 2.23 (d, J = 13.2 Hz, 6H), 2.09 (s,
3H), 1.86 (t, J = 6.8 Hz, 2H), 1.31 (s, 3H).
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Eg9d(2-(2,5,7,8-HEdWE-6-(WEHAE D) SA) A2 -2-D) &) EAEF (15).

14(0.256 mmol), £2=3} YEF (192 mg, 1.279 mmol), ¥ EFHALEAT (1.279 mmol) 9] &3HES Kimax
HojJAl ofZro @ Ze|AJstar, ojojx Hastal H&—S—g 90 ° CollAl 48717+ &<t S8E=E wuksglt. A4
ES (HClLoll &3iA 71 A e 225 E 33 AAAZAT. BPES wehso] &3fA17]3 -Ons7} 29 ¥ &
o2 w3 AlS FHAZT. AFH EulE AFolA AAste] &% A= 165 AU, Yield: 39%; 1H NMR
(400 MHz, CDCI3) & 7.87 - 7.72 (m, 9H), 7.66 (td, J = 7.9, 3.4 Hz, 6H), 4.12 (m, 2H), 3.28 (s, 3H),
2.61 - 2.49 (m, 2H), 2.25 (s, 30, 2.15 (s, 3H), 2.05 (s, 2H), 2.03 (s, 3H), 2.00 (d, J = 6.5 Hz, 2H),
1.49 (s, 3H).

(2-(6-3|=EA]-2,5,7, 8-HEgtE g2 v-2-A) &) ELHIEAEF (Mito-VitE; 16).

g F YolAZ 2ol =(0.119 mmol, 1 M solution in THF)7} 0 ° CollA THF (2 ml) W 15 (0.100 mmol)2] &
e H7FEATE. 30 F §NS HRo= V33 oo A 23} NHOMs (10 mL)S H7tekict. #4845
CHLlL2 3¥ FFst F714S &sted F4 MgS0 ol A Hzsta, d7sta, AFolA w530, IFES

MPLCE AAste] AAE 162 AU}, Yield: 9%; 1H NMR (400 MHz, CDCI3) & 7.85 - 7.73 (m, 4H), 7.71 -
7.58 (m, 11H), 3.77 - 3.64 (m, 2H), 3.41 - 3.28 (m, 2H), 2.17 (s, 3H), 2.07 (d, J = 11.7 Hz, 6H), 1.94
(m, 4H), 1.34 (d, J = 7.6 Hz, 3H); HRMS (ESI, m/z) calculated for CssHs0,P [M]+ 495.2447, found

495.2445.

1-17 Mito-VitE : (10-(6-3| =2 ]-2,5,7,8-H Egti @ A 2 wh-2-2) Bl ) Ef | X2 X ofo|Qrfo]= A=

o EDC, Weinreb-NH-,

DHP. PPTS NMemnrphoEme MeMgBr
G ———
HOJLH;D CH,Cl, HO)LH’ U T oo, )kH U EtO

17
o OH PPhs, I,
)Le’}/o o //’\MQEI' R(H/O o H()jié[\ Imidazole,
10 U THF | “ho U Formic acid ;}H CHaCla,
20 21
HO
HO PPhs S
it @ |
o l CH,Cla, 0 PPh;
10
23 MitoVitE" (24)

H-((H =g =2 -20-v] -2-d) S A]) 2 d 24t (18).

CHCly (15 ml) W 11-3]=FA w1 A2H(17, 11.35 mmol), 3,4-U3] ==2-20-3 % (15.89 mmol), % I tF p-

EFAATO|E(1.135 mmol) 9] &HS oA 447t Fob witsirt. W EFES APl FHeta

FES Et20 (50 mL)oll &siA AT, o]2 3} 44 NaCl (40 mL) % HO0 (10 mL)E AF 3, F4= NgSoael

Azsta, e, WAFolA FFst 18S AUATE. Yield: 46%: 1H NMR (400 MHz, CDCI3) & 4.63 -
J

4.48 (m, 1H), 3.88 (ddd, J = 11.1, 7.6, 3.3 Hz, 1H), 3.75 - 3.64 (m, 1H), 3.55 - 3.48 (m, 1H), 3.38
(dt, J =9.6, 6.7 Hz, 1H), 2.34 (t, J = 7.5 Hz, 2H), 1.91 - 1.44 (m, 14H), 1.32 (d, J = 24.9 Hz, 8H).

R

N-H| EA]-N- & -11-((H| EE}3]| &2 -2H-7] @-2-2 ) 2 A L ¥ 7 v =(19) . CHCl, (10 mL) 1] 18 (5.23 mmol)<]

golo]l  N,0-tiH g =2 2o}l S|=E2F 20| =(5.75 mmol) & N-HEEZZ(5.75 mmol)S -15 ° ColA 4
Moz Hrlslgoh., 102 T N-(3-fgH|goln] =z 2a)-N'-tEsl2Rro|ns 3caF2dlo]=(1.62 g,
5.75 mmol)E 15%] AAH o] Hrtstar 3A17F F<QF -15 ° CollA] wwkskih. Wh§-S 1M HCI (5 ml) #H7F=
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[0431]
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[0433]

ZIHSd 10-2022-0167944

A3t F718S CHLl, (3 x 50 mL) 2 FE3AT. 771 FE2ES st X3} NalC0o; &4 (50 nL) o2 AlH
sk, MgSO,& AZx3star, oJFsta STHAIA Ushs oln= 19 (vield: 80%)E EAoH, ol& F7F AA glo]

e wA oA AFE3FSITE. 1H NMR (400 MHz, CDCI3) & 4.60 (dd, J = 20.5, 17.9 Hz, 1H), 3.87 (ddd, J =
11.1, 7.4, 3.5 Hz, 1H), 3.79 - 3.65 (m, 4H), 3.50 (dt, J = 5.1, 4.5 Hz, 1H), 3.38 (dt, J = 9.6, 6.7
Hz, 1H), 3.18 (s, 3H), 2.41 (t, J = 7.6 Hz, 2H), 1.90 - 1.78 (m, 1H), 1.76 - 1.47 (m, 14H), 1.29 (s,
8H) .

12-((Hl B3| 2 -20-3] @#-2-Y) A Zd 22 (20).
Et,0 (13 mL) W 19 (4.18 mmol)2] &<loll MeMgl (10.45 mmol)Z 0° CollA H7laldith. TUd =04 343t
Sob wwket & xsh 4 NHCL 8930 mb)S W EstEC] #HUbsRlT. fU15S ®Ysta 24 TS
tBuOMe (3 X 30 mL)2 FZ3tAtt. &3 77153 NaS0,2 AxA7)a 29t soll sE5AZT. dFES S84
gznteagy e AAse] 3FE 202 AUk, Yield: 80% 1H NMR (400 MHz, CDCI3) & 4.61 - 4.54 (

1H), 3.87 (ddd, J = 11.1, 7.4, 3.4 Hz, 1H), 3.77 - 3.66 (m, 1H), 3.55 - 3.46 (m, 1H), 3.38 (dt, J

9.6, 6.7 Hz, 1H), 2.41 (t, J = 7.5 Hz, 2H), 2.13 (s, 3H), 1.90 - 1.76 (m, 1H), 1.72 (ddd, J = 11.9,
6.0, 3.2 Hz, 1H), 1.63 - 1.47 (m, 14H), 1.37 - 1.20 (m, 6H).

3-He-13-((HEg3] E2-20-9] gh-2-4) SA) EF gl -1-41-3-&(21).

Hldul1y|4f BEro]=(8.3 mmol, 2.5 eq)S THF (15 ml) W 20 (3.32 mmol)e] &Mol] -78 ° CoNA H718FA
o}, o] A2 247 FoF WREE QAL o]ojA 30| AAA Ao JF2EHAk. E3F A4 NHCL (50 mL)o]
A7 Al 7] B O] Et. 02 FEFHAT. &8 f715e] £33} 4 NaClZ AF =, F4 MgSo, oA Ax
Ha, o3Ha, 553, WLCE AAHY sigtE 21S d3dvl. Yield: 93%; 1H NMR (400 MHz, CDC13) &
5.91 (dd, J = 17.4, 10.8 Hz, 1H), 5.20 (dd, J = 17.4, 1.2 Hz, 1H), 5.04 (dd, J = 10.8, 1.2 Hz, 1H),
4.64 - 4.51 (m, 2H), 3.87 (ddd, J = 11.0, 7.4, 3.3 Hz, 2H), 3.77 - 3.65 (m, 2H), 3.56 - 3.46 (m, 2H),
3.38 (dt, J = 9.5, 6.7 Hz, 2H), 1.90 - 1.77 (m, 2H), 1.71 (tt, J = 16.3, 7.0 Hz, 2H), 1.64 - 1.46 (m,
10H), 1.27 (s, 8H).

2-(10-3| =F At 4)-2,5,7, 8- Bl Egtld A2 7-6-& (22).

E%&(H)M)H]K(SOBWMJ“1WE.N&%Z%&&EQﬂ%AW}Lkﬂ&(Z&SMM)ﬁﬂm]éﬁ:%
7 BlollA 3.5A1FF EoF SFHSTH. WS ERES o7l dodd Bau {7 EFE ol2 dhol Et, 0= FE3}

Aok §d F1E 0= AlFstaL, F NgS0/doll A Axstar, AgalM w5t 24 AF=s NeOll R
conc. HClell &&A17]aL, Wbg E§t=s of=:r slolld F7k= 303 FoF &zt Svis zlsolM AlAst
Al FFES Et00l &AM ZTh. of=:t dfellA H0, ¥E3F =4 NaHCO;, H0= thAl AlFebar, F4= MgSO,= =%

o, oj¥slar, FF3Fe] 4 0 dS ATk, o] AS MPLCE AA o] 31EE 225 AATh. Yield: 35%; 1H
NMR (400 MHz, CDC13) & 4.38 (s, 1H), 3.62 (t, J = 6.6 Hz, 2H), 2.59 (t, J = 6.8 Hz, 2H), 2.15 (s,
3H), 2.10 (s, 6H), 1.76 (qq, J = 13.9, 7.1 Hz, 2H), 1.64 - 1.24 (m, 17H), 1.22 (s, 3H).

2-(10-ofe] 2. =t 4)-2,5,7, 8-El Egtld A= 7-6-& (23).

CH,Cl; (2 m1) W EHAEE2T (0.348 mmol), 1H-°] 1] t}Z (0.348 mmol), 2 o}o] 2™ (0.182 mmol)e] &< of

CHCly (2 ml) W 22 (0.165 mmol)®] & 45 0 EOUi FAIE F Avreklth. W e Ao F7T
2 12AF w¢F wnbeink. Ed=s NaS0;, 00, A &A= AlFs3lar, NaS0/dolA AxA7]aL, o 3ts}

a1, gkl sl HEAAY. ANE RFES WLCE AAse] 33 239 Ak, 1 NWR (400 Miz, CDCI3) &
4.19 (d, J = 2.7 Hz, 1H), 3.19 (t, J = 4.0 Hz, 20), 2.60 (t, J = 6.8 Hz, 2H), 2.16 (m, 3H), 2.11 (s,
6H), 1.90 - 1.69 (m, 5H), 1.63 - 1.47 (m, 4H), 1.44 - 1.21 (m, 10H), 0.99 - 0.95 (m, 1H), 0.86-0.83
(m, 3H).

(10-(6-3| =5 A]-2,5,7, 8-H Egtr AR v-2-) ) ET|oId 2~ 25 ofo]lorfto]=(Mito-VitE; 24).

23 (0.25 mmol) @ EZHIEAT(327 mg, 1.25 mmol)?] E£FES Kimax FHOIA of22o g ZEidsta,
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B, SEEZ 90 ° CollA 48A17F o wukslgith, ZAEES CHLlLol &3lA7]1aL A FolH 225 E 33
% A AT, ZF LuiE 2FAA AASIY 242 AAT}. Vield: 12 %; 1H NMR (400 MHz, CDCI3) & 7.86 -
.79 (m, 9H), 7.73 - 7.68 (m, 6H), 3.76-3.71 (m, 2H), 2.59 (t, J = 6.8 Hz, 2H), 2.15 (s, 3H), 2.10 (s,
3H), 2.09 (s, 3H), 1.81-1.72 (m, 2H), 1.63-1.62 (m, 4H), 1.37-1.36 (m, 2H), 1.21-1.18 (m, 15H); HRMS
(ESI, m/z) calculated for C41H5202P [MI]+ 607.3699, found 607.2697.

[0434] 1-18.SB-U141: EgHd(8-(2,3,4,5-HEFHEA-6-HdHd)SD )T AT E9) A=

(o]
[} SOCl, o =
OYW\)LO/ —_— 8}
50°C/4h k! AICl, DCM 40°C

1.56g

PdiC H2 ]@:VVW
MeOH

LAH

THF rt

CBry PPhy

ﬁm
L

SB-U141

ben ACN 90°%C

[0435] 8- EA]-8-8- A2l 0)AH(1)S SOCL,9F 50ToA 4A17F WkE-&le] wWE-8-F R 2-8-S A0 o] E(2)E &
Batgolh. 29 1,2,3,4-HEGHEA-5-HLdHl AL AlCL,T TZE2ZHEH (DA 40TCE ¥-gAA HE 9-&

22-9-(2,3,4,5-H EgH SA-6-wWE A d) o] E(3)E FAd3sITE. 3& LAH®F THFAIA A dh3-3he] 1-
(2,3,4,5-HEGHEA-6-EHd)Se-1,8-t& ()& FA3AT. 45 Pd/C H29F MeOHOl A HH&-3le] 8-
(2,3,4,5-HEg W SA-6-HE A D) SE-1-2(5)S FA5AT. 55 CBr,PPhs9t DCMol A wWHS-3lo] 1-(8-B =X

£€)-2,3,4,5-HEZGHEA-6-HEHA(6)S FHEST. 68 PPhyet ACNOIA 90TC=E WHE3lo] E (8-
(2,3,4,5-HEFHEA-6-HEH D) SE) EAELFH(SB-U141) & FR3}SIT).

[0436] 1-19.SB-U142: EHL(12-(2,3,4,5-HEHHFA -6-Ad o d) =6 A) TAE F 9] Az
i
T
o [ | o o
& 0. o,
HOYW\/\/\)L P S0Cl, C'Y\A/W\/u‘o/ 28 f;i\WN\W
—— o
B 50°C 2 AlCl, DCM 40°C g
CBr, PPh;
Ha, PAIC
MeOH DoM it

A

~
X Q@
‘ Ry fo 2}
@ Br o ppn,
o B
i ACN 90°C )
(e}
P
sB-U142

6

[0437] 12-HEA-12-2 2T HZHH1) S SOC1L,9 50T A 4417 HEesle] WE 12-F 2 2-12-2 AL HFl w00 E(2)E
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[0438]

[0439]
[0440]

[0441]

[0442]
[0443]
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gk, 29 1,2,3,4-H E i EA-5-m &l Al AICI;S DOMOlA 40°C WHS-8lo] wld 12-54-12-(2,3,4,5-

HEZHSA-6-m g d) B 7o o] E(3) S &Rt 33 LAHE THRAA whs3sle] 1-(2,3,4,5-HEZ M 5
Al-6-dlEH ) BHlzk-1,12-01 & (4) S SR 45 Hy, Pd/Ce MeOHolA WHE-3ste] 12-(2,3,4,5-EH Egtv &

Al-6-E D) =ulZH-1-2(5)S Fradtt. 59 (Bry PPhyS DOMOlA A2 whgalo] 1-(12-B 2R edal)-
2,3,4 5-HEZHEA-6-v &2 (6)S FAHATE. 65 PPhyot ANelA 90C=E  whEste Egsd(12-
(2,3,4,5-H EZHEA-6- e o d) Ed Q) T~ X F(SB-U142) & A3 t).
1-20.SB-U151: (8-(4,5-TIH|EA2-H g D) SE)EYALEAEFY A=

UL

5 o}
socl 0
i PR T U it :@;AN\)L
0 ¢l A:ch DCM 40°C
OH

O:d»\/\/\/\,OH Pd/C H2 :@i\/\/\/\,

LAH .

i MeOH (|3

o] Br o F,@
CBr, PPy H\/\A/\, PPh3 :©i\/\/v\,
DCM rt (‘3 ACN 90°C @]

SB-U151

8- Z A -8 A2 EARS SOCL,9F 50Tl WHeadle] wel 8-FR2-8-% A4S0l E(2)S Fradt. 22
AIC132k DCMell A 40Tl A REG-slo] wE 8-(4,5-HH|EA]|-2-w| 2 3 d)-8-5 LS E o o] E(3) & &R, 3
S LAHS}F THFOlA 72 nkgate] 1-(4,5-tlHEA-2-wE o d) S 6k-1,8-1&(4) & Frstolct. 49 Pd/C N5
MeOHoll A ®F-g-3}o] 8-(4,5-T) | EA]-2-W & ol d) S eh-1-2(5)S &R th. 55 C(Bry, PPhy9} DOMOllA A2 wb
S8l 1-(8-H2E&E)4 5t EA-2-HEdulA(6)S R, 6& PPhy9t ACNIA 90TelA ukg-3le
(8-(4,5-tuHA-2-vE D) $E) El ol d 2~ ¥ (SB-U151) & FH3}IT,

1-21. SB-U152: (12-(4,5-TlH|EA2-d e Q) =) EHIEAEFY Az

O‘I

o Q |
1 2 3
| OH |
0. OH
LAH o WOH PdICH, :EI\/\/\/\/\/\/ CBry/PPhs

. - S ininii S QMM -
o o
| I

4 5

SB-U152

12-HFA]-12-S A EH 7S SOCL9F 50Tl Al 4417 REE3te] W 12-F 2 2-12-SA 570 E(2)E &
Askgivk. 28 1,2-HulEA-4-wE Al g whgate] wd 12-(4,5-t | EA]-2-w e H D )-12-F A b Fh o o] E
()5 It 3 LAHSF whgate] 1-(4,5-tHEA-2-HE oY) = Ezk-1,12-1 & (HE FAT. 45
Pd/C/M,9F WHEate] 12-(4,5-tW| A -2-wd# ) Lol 7-1-&(5)& @43ttt 55 (Bry/PPhs®t WHE-ate] 1-
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[0444]

[0445]

[0446]
[0447]

[0448]

[0449]

[0450]
[0451]
[0452]

[0453]

[0454]

[0455]

[0456]

[0457]

[0458]

[0459]

[0460]

Z2E3d 10-2022-0167944
(12-B 2R E=d4)-4,5-tu| SA| -2-d & w2 (6) S 34
AU EHY T AT H(SB-U152)S A8t 3itt.
AA 2. Az aWd A=z

dek3lth. 6= PPhyok whE-sho] (12-(4,5-tv|5A]-2-md

ZTRAP1, hTRAP1S & slsle FAAE N- ¥k A3 2Ed giiio] o]o] TEV Z=2HolA] det H27F S+
W3 E pET-Duet WElo] ZEY3IL E. coli BL21 (DE3) AZEolA A ZATE. 20° CollA 0.4mM IPIGE &%
F 15 N7 E ) AEE F8ea 2e9A R fAAI AT, Ni2t 13 A=ntE gy A7 (GE Healthcare)
of &alEe] 7184 EFo] HEEHUT. AA-F|~EW HILE TEV Z2E oAl 93] Husla, TS 25m
Tris-HCl pH 7.5, 150mM NaCl, 5umM beta-WEZEN &2 (beta-ME)S X3 SFdoM 2 oz F=2ntE
a2 F7tE QAT

AN 3. T2 £4

.l

B oy x5S TRAP1Y| Agste 313

e
L

g w&37] 918, TRAPLE NitoQe] 23 T8 BASHIT,

AAE zZTRAP1S 1:1.5 &H]2 AMPPNPS} %%Q"ir/} ZAA3}= Lavery et al., 20140]4 A9z 3=
ot AAo] 4% % 0.1mM MitoQE ZAA 3t dropel #H7Fstar 24 AJ7F &<k sfgsidict. X-4 34 AdS 3
AARE 20 % %3]*1]3# xeetE 9 fAoR FI|a AA Aol F& W¥Eetgivt. 34 do|H = Pohang
Accelerator Laboratory (PAL)S kel 5ColA 8 EA0 0™ HKL-2000 AZEY ]S ARgsle] AddAct
(Otwinowski and Minor, 1997). MitoQe]l A# Wxi= difference Fourier WH o2 AXHYHFUL. 2d =
2 A= 247 Coot E Phenix X213 (Adams et al., 2010; Emsley et al., 2010)° <&l 3= i),

A A3}, RAP1E] F719] protomerAtol el A2]7} oF 25A 0% Up EolojE| e} TPP mo]olEjzbe] Aej7} 4
Daflok TRAPL o] CBSel AFES sttt olE wpHow AYd dolF AXE HFE T2 TRAPLY 2
Fehrl BEAAE SASGTHEl B 2 ).

AA 4. A¥H 4
FP(Fluorescence polarization) &4
Ao 4-1. SB-TM2 Z2H o] &

Human full-length TRAP1 w32 (400nM)2} SB-TM2 probe (100 nM)o] ¥3%+% FP buffer (35 mM NaCl , 2.7 mM
KCl, 4.3 mM Na2HPO4, 1.4 mM KH2PO4 (pH 7.3), 1 mM DTT, 2 mM MgCl2, 0.1 mg/mL BSA)ol| EX3l1x} 3= &
A& #H7rsle]l (HF H39 100 pl), 24 1AF &<k 95 (96 well plate). SYNERGY NEO microplate

reader& A}&3}o] excitation wavelength 440 nm, emisssion wavelength 500 nm% A3l FPE ZA3}IAT.

1 A3, TPP-8F-E &= SB-TM29te] A A% Agto] 7153S &<2lsle, alkyl chaing] Zol7} (8] A7]E 7}
A A =A ) TRAP1S] CBSol At 4= AdSS <1eqdnt. w3k, alkyl chain®] Aol7} Z7le=E Agzo] =
7VeS #elEEn. o yolrl, SMX(MitoQ)<ke] ZAgE  mimo]x  TPP-12, TPP-14, TPP-169] A o]
SMX(MitoQ) HHH] $- gl o, EW3] alkyl chain® deol7} 744 71 TPP-16¢4] SMX th®] 2wuj

B AgEe e #1).

g Ao

%
i

2o
"
N

93\

¢
ol
o

sk, TPP7F A3E SAstAE FolAl, TPPF &AikskAl ko] AZ A S8 45, TRAP1Y (BSol| ZAjtEs

F7HR o2, TPt v3lA=2 AZdE 7E P4 EZENA TRAP1S] CBSoll digt Ao &

o
o
ro
ol
ol
32
O

A e 4-2. PU-H71-FITC ©]&

FP 245 &, AAl"E A3 TRAPL (400nM)S 2A1ZF 5+ F7hete JAIAl w2 EA4 3loll Taldone et
al., 20139 714" = e &34 T =38 PU-H71-FITC (10nM) e} A wjekstitt. Ao nfo]la = Z
olE &Y (Synergy NEO, BioTek)E AHg3ste] &3 HFS SA33T.

o A3, 4ZA-TPPE PU-H71-FITC(ATP binding sites B}l ® 3} Hsp90/TRAP1 & A|A) ¢} ZHAYsHA] ko,
ATP binding sitedl] AgslA 2 0 = YJATH(ED Far).

T3, 11 HAE 7= TPP-&AEEkA] AFAOlES A 9% PU-H71-FITC(ATP binding site® EMISZ 3=
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Hsp90/TRAP1 SJAIA])&} AASIA ¢Fom | ATP binding siteo] AdsHA &&e sHd ¢ JYUrh(E11b Far).

X ¢ 5. ATPase 84 EA

E oadwgziEse B g AoA] JiAstE dgEEo] TRAP1T We] ATP binding siteol] ZAgsle] ATPase] EAdol
FEgFS FEA gelsr] HaEl, £4E s

PiColorLock Gold Phosphate Detection Kit (Abcam)& A}83}e] TRAP19] ATPase &S ZAH3IATE. 0.5uM
TRAP1 (oFAE & EdWo)S vdet w29 oAASG &4 30 & & AR Aol d g o, 50mM
Tris-HCl, 20mM KC1 2 6mM MgCl2 (pH 7.4)& X33l ATPase &7 w41 W oA 37 ° CollAl 3 AIF &<t
0.2mM ATP9} A Qlfwlo]Adalditt. o2, 20 ule PiColorLock Gold Al¢Fy} A &3& (100 : 1)
zb BZ (100 pL)el #H7Fstdvh. 53 wiYk 3, 10ule HGAE #Hrtste] TS Fdsiddch. &% ulo]

—

a2 Z#olE #1 (Synergy NEO, BioTek)E AF&3le] 620 nmoll A S FH . nlwvks AlZo
background signal<S 733l T},

I Ay, GA-TPPe] A 9-, PU-H710] s=7F S7hstol wel ATPase B¢ #aste A 2, sRo&E4o=
ATPase?] A& #HAaA71E= HE&FS HolA] LUth(E9a Far). o] 4ZA-TPP7F ATP binding siteol] ZAgslo]
ATPase A4S A8l PU-H713 t}2 "WhAo g zZg3ivtes AL 23,

wek, TPP-3akslA] AFAICIE 2 7|l 84 EA(SB-U011,014,015)9] ALo|%, ¥xo&H o2 ATPaseo] &

e A= BEFE HolA ddvh(Ella B 14 3Fan).

B gz B g xoA jAletE eSS0l TRAPL = AlZd Hspd0S AAst=xA elstr] &), v
A

3l DMEM 5=+ RPMI wRA] (GIBCO)OlA 37° C, 5% C02¢] 75 E-$1710lA wjd= A}, Al¥EE 6 711%J o

QIZF ¢k AIEZF 22Rv1S American Type Culture Collection (ATCO)ollA F+ddlom I+ JA7F AFSHZ #

A=Ak, s3] 7] AsHA, dAEE 10 % aEleld A (FBS; ATCOH 1 % AYAA/~EFHE U}Ol (GIBCO) <

3 e
[$13

22RVIAI = 5 uMe] 7+t shgt=a 2 AgHo] 2417 &<t Wi ¥ ' Sstes F4HAH.

Anti-Phospho-AMPK @, anti-Cdk4, anti-CHOP % anti-SIRT3 &A= Cell Signaling Technology®ll 4]

TY3A . anti-Akt 2 anti-AMPKE=  Santa Cruz BiotechnologyolA F+Q43F .  anti-Hsp702 BD
Biosciencesol Al F+43tdtt. & -p- A&l A= MP Biomedicalsolld T4t Tth. anti-SDHBE Abcamoll A -
Ask3iTt.

AZ El=s& SDS-PAGER Zefskal PVDF “te= HAlth. & TBST (0.05 % Tween-20a @-ishi= TBS)elA
10% DAz Aol 1A7E gek S=tshar 47 CollM whAl 12k @Aeh o wiekstdnt. uh& TBST= 147 &

TBST & 10 % ©Afoll sAe 23k &A(1:5000)9F A 1 AIRE F<b wigatolch. =& TBST=
behel shet g A& 71E (BioRad)E AHE-ate] AlZstalgit.

ol Ko

A8 Az}, TPP-10 WA 162 A% TRAP1S & A|sle] SDHB 2 SIRT3¢] Z4Ad AL Q{f‘f—i T AR, T F
A% TPP-14 2 16°] ZAE3 axE 7HXe AS &0 = A9y, a8y, &Z4-TPP &+ o= AX Akt, Cdk4
chul o] Ao wstE ofr|shA| &Fkil, Hspd0 A9 mtAR ALE-HE Hsp70dl e WS of7|shA] GFdtH =
10%an) . o] dAZ AdolE zhi= A -TPP7} TRAP1S JAlstar, AEA Hsp0oll = e nxx S5 ol
st

wgh, TPP-3itstAl AFAlelEe] A5, 1 #¥AE 7He AFAIES A9 Hsp0e] Al gle] TRAP1IH A
wrg} SDHB, SIRT3S] ZHAa7F yvepubar, 2 A9 A o #Hdd JFS 74 gAdri(=E12 #Fa1). o=
Agst Zdolg zki= TPP-ZAFAlo| Exte] TRAPIS SAIFS &1 4 Qo). Fr7MH ez &2 IAE 7HA+ 3
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S5 g, 433 dolE A= HAL AH$ TRAP1 Ao wlE wlAZA, APKES A 3F(p-AMPK) A 7] 1L
mitochondrial unfolded protein response®] +=(CHOP)3l= AL #elsh 4= Jqup(=13 Far).

g, e 4 sebee] Aol TRAPLE oAlshs e da® 2% das E8 gAY 4 Ar(EDS

,
aL).

U

A]}\]oq] 7. u]_o;\ /\1—61

7-1. TRAP1 knockout 2 &F |4 Oxygen-induced retinopathy (OIR) &= A3.

TRAP1+/+ (wild type), TRAP1+/-(hetero), TRAP1-/- (Knockout) A&+ Black6 J strain® mouseZ A}&3}

Ak, BAEA 7LA A7 ar-29F on] w2 E in vivo W (Coy-lab)oll Wi 1Ak (75% 02 )E &astSl

Tﬂr. A7 upg-27F @A 129 H & ' in vivo FHAA w92 E AU gig|EE Yol H AR (21% 02
g FFsFY. 2 5, A7) vk B 170 o E A Eete] Ao AFE-EFIT.

TRAP1 Knock-out WF-9-2=% Hetero €% F ok 7 HAE wujAlA Shajol A &g A} 7jul-27]8] vluste] A

g 2P, fA1Y BN s HESE E S

7-2. <& ZHot A (Eye drop treatment)

in vivo AbAFE B E (0IR) 29 P4 FAdA Q7928 24kh 35 T ZAAARE Ads 33y

e AFshE 2 (BA12L-17) 714 62 Ft At AeE shlth. oFF 39 4x3F tA e ® AHYsiglt. oF

= dhHe Mito Q2 #HEZM 1ImM FE2 FXAN H, A7HY ol 10 ul dropd 187
AT, Qb wre] fojgs HEoR wols: H thA] ofnFH e HARES WA ST,

7-3. 9%FE-9o] ¢FFA} A (intravitreal injection)

N Mg F
o
2
i)
of
rl
T

in vivo AtafrE HHEFE (0IR) 22 F4 AgolA A7eke-28 bk 35 § 40 aE ZAde & (2
12 d) b FAF AEEy. A7 wpe-2~E wlE ek (2.5% Avertin. -&vli= 1X PBS(Phosphate buffer
saline) S0ulo® B FAlete] wpFH A H |, Aj7)mpg-2=9] Qbto] ¥ = Ay 79§ RET. 7l v
A FrEldg ol gste] FES 1ul volume, 0.1ul/sec® AAA 3}, MitoQE 0.1mg/ml TEE 32} SHFS59
5149(0.1% DMSO + 99.9% 3%+ SFH)AAA AE-3HSA T

7-4. Z& AA vlLE A (Whole mount staining) L @w|7 o]u|x #HAZ

In vivo AtAF%E 99 H3 2dS w50 B 17494 =2 AFSAY. 94 dERToRE G hoA 7]
& 8B4 1794 =& AFEAT. A7) a2 vpHE (2.5% Avertin. €9]E 1X Phosphate buffer saline)
2 857 FAkste] AR H, IX PBS 10mlS Al ekl dos BF AAG . ke A E3he] 4%
g} xERHOR 4T 24X sk, Behs FEje F, 428 Ao R dsltt. 4
2o 1A 7S B2 7] (1XPBSH0.5%BSA+0. 1%Tryton-X-100)3+ ¥ U} 34 (CD31. 1:100.)E 4T 24A]7H5<r
Aelatedrt. thee, Al 8N (IXPBSH0. 1%Tryton X-100)S.& 2084 4W A H3k 5 o]zt & (Alexa fluor-
594. 1:500. Invitrogen)E E=27 & IMAA 4T 24235t AL 3T 5, AFEA
(1XPBS+0.1%Tryton X-100)2.2 204&% 5 AH g F wh¥ &H(vector lab. H-1700) o2 &ejol=e] x2S
=9 LA ZT.

oln| A= ~H AL HFAw A (fluorescence microscope. Axion xoom.Zeiss)E ©o]&3d}e] ZZ HA oA =
s} , 5 = QEH ARRe Fx2H FAFEN Z (Multi-photon confocal microscopy. LSM 780.

=
gor, £4 #
)

7-5. in vivo streptozotocinfre Fxx BHHF 2 Y (STZ-induced diabetic retinopathy model)

TRAP1 wild type, hetero, Knockout w25 o]&3le] AFS Psit. 38FHY FAR w29
streptozotocin (sigma)= 0.IM sodium citrate & (pH 5.0)°] 3XA|A 7omg/kg FE== 35 184 54 &t
57 FAeGT. dFd W 89S SAEY] 350mg/dl olFHE F8st DI FEEHASA FAsT.
SIZ FAF § 85 FF-E 1657h4] dFdol 3¥ ALRE B Yo of2& %u 33Tk, STZ A}

ot HZshe] BAEAT)

7-6. MY F A (Immunof luorescence staining)

o
&
N
ot
=2

AEE ATE 44 vt EEUVOE 4TRANA UNHES THRAY. 24 AP F sehn 2SS 5ol
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A 10un FAR 2AE duste] &ofolsol HWAAA ZAHAS A LS.
FeAS Ao T =0, 100%, 80%, 70%, 50% oﬂ%%i AA WS Al
%, 10mM sodium citrate(pH 6.0)&de] Sgoles Y1 gHEHEom
1XPBS+1%Tryton X-10089-& ‘=4 147k ﬂ‘j/]OPoq FdE =3F F A2olA 1A7HESE EE7)(1XPBS
+5%BSA  +5%FBS  4+0.3%Tryton-X-100)8FA k. L=} @A (TRAP1.  Thermo. 1:100 / Glutamine synthase.
Millipore. 1:100/ GFAP. Abcam. 1:50/ HIFla. Novus. 1:20)& 47T, 24A7Hset AHPsta vd Alx&d
(1XPBS +0.3%Tryton X-100) 2.2 5324 3H AH a3tk olak &Al(Alelx fluor-488, 546, 633. 1:500)5 &=
oAl SAIZHEE Aelstar AlF -, DAPI(thremo. 300nM) = & ATt vfey §doz Hglol=g 1A
=

olu| A= FxFH FAFAM A (Multi-photon confocal microscopy. LSM 780. Zeiss.)& ©]&3}o] #2313},

7-7. $12¥ EZ(Western blot) &4

v obrE AEd W duE Eeskith. RIPA & M E o8kl Al A &sfE (Whole cell
lysates) S WHEolA 7] Sgivh. PVDF 2ol o] A7l &, A&olA] 1A13F E27 (1098 A &F) ¢ #, 4
2} A (TRAP1. Abcam. / HIF1 a. Novus. / VEGF-A abcam./ GFAP. Millipore./ B-actin. Millipore. X5
1:5008]41) & 4TolA 18412 HF3klYt. v, o2k Al (anti-mouse or rabbit- HRP. KPL.)E -&olA] 1
A Agsla, A" EEY HE A% (Bio—rad)S o]83te] dud HHS F45HSIT

FREAE olnx ] (Inage )E olgale] WA B&e Taldon] d-acting o&ste] 73l At}
7-8. AAZL FHEL A3 (real-time PCR)

%3 5 Trizol®} chloroforme ©]83le] RNASS £
th. cDNA A 71E(NEB)E o]-83le] cDNAS A st
(e}
=

wl=E 92 (enzynomics)E ©]83t] AAZF FEAAL JdHNbSon BEASY. TE g
© LightCycler (Roche) Au]E o]gate] Adatqitt. A4S 2AACTE o] &d wlmw CTEAM (comparative C

TS Agatgrh. 8-acting o] 4dte] AFalergly , Bl 5 A AF(TRAPL, VEGF-A, ANGPTL4)®] thx++9]
LG} vluste] AN TS 45T

%16, 175 Fashd, Abx = W = (oxygen—induced retinopathy) R &3, STZ(streptozotocin) %
% EdoA BT TRAPLIS @do] Fride ZS gR1g & Qv TS, Ar] RddA TRAP1Y

Z7tet A, AAA vkA HIFla, 8+ AAEH AR VEGF-A7F S7HEE AL #Q1s 4= v, Frdow,
& sk TRAP1O] WS & Ha &9k ket 3 A A PSS ddste 2y AMX

_L4

o) &k
1=

ATt

doio] pafl AL

4

(MUI ler cells)®] m}AQ GS(glutamine synthase)e] Gz} &7 YA|st= AS

Jﬂ.‘i‘

S Fashd, TRAPLE Yob-AZl OIR 2He) 4 AAds 9o 3 73

e

gk, =19 W] HIFla 94 AAE F3std, SIZ B 0IR EPEAATRAPL Yolx® 79 HIFl a7} &
°l

% 2029 VEGF-A % ANGPTL4 L@ A& Zaishd, VEGF-A % ANGPTL49] mRNA =% Con TRAP1+/+o] w]s} ST
TRAPL +/+ell4 &5 FANE STZ-TRAP1-/-ol A= sshA] eFskeh. e, Z=20bE Farehdd, OIR Z9 wubox
TRAP1 +/+9} ¥]3L3ke] VEGF-A % ANGPTLA®] mRNA -2 TRAP1+/- % TRAP1-/-ol A Zradtt.

—‘-’N

e 2 w21 %22 AdkE sty MitoQE A2l 4 OIR Zele] gutald Fdat 3 A4dd 99
EEFE @A gaAlrlE A #9d  Qlth

AA ¢ 8. MIO-M1 HRE AlEFE o] 43 FEFHA £

MIO-M1 #=2] Ao B5HRE/GFP Z#}2~v"]=(addgene.#46926)2 E@A~INAH (jetprime kit)3+ T, selectable
markerl G418(Neomycin) lmg/ml& o] &3le] Zgtian=yt EAAANE 5 AXE A3, Single cellolA
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colonyHHl S 9 zgte= HNEE A¥Eelo] stable cell lineS AZslth. A 2sE MIO-M1-HRE/GFP stable
cell lines 96well ZHO|Ee] BTl b FES s=HZ AH|gth, Aibhk 7oA (1% 02) 24A13F

ZA17) g GFP (Ex/Em : 488/507) ¥ Al&E SYNERGY NEO microplate reader (BioTek Instrument)® &
At SAYETORE FES o &1l DNSOS AMEERa, SAHETS 100% 71Fo = AhE ¢l

Fake Atk

ot e pr

1A, T 23, 24, 255 sk, TRAPLS oAlsheE Ao® Elsl &Z-TPP, TPP-atshAl ZAFAlo|E(H
g ol HA A= A% & Ve A FFEEC] BF HIFla JA A4S 7IAE AL s

1
g

k1
N2
[y

Protomer B
(Straight form)

Protomer A
(Buckled form)

aN1  AWs
ulewop ulewop ulewop
@ euiwIs1-N 3IPPIN |eUIWI1-D

_52_



10-2022-0167944

S5l

e
=)

B
H

_53_



k1

)

ZIHSd 10-2022-0167944

n name description

1 TPP-1 metyl-TPP

2 TPP-2 ethyl-TPP

4 TPP-4 butyl-TPP

b TPP-& hexyl-TPP

8 TPP-§ octyl-TPP
10 TPP-10 decyl-TPP
12 TPP-12 | dodecyl-TPP
14 TPP-14 | tetradecyl-TPP
16 TPP-16 | hexadecyl-TPP
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Er4
120
e TPP-1
100 9% ~+ TPP6
80y - TPP-8
L 60 o TPP-10
= TPP-12
40
- TPP-14
20- _ - TPP-16
0 . [ -+ SMX
0.0 2.5 50 75 10.0

Drug concentration (uM)
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125
- SB-U005
1008 & SB-U009
751 -4 SB-UO011
¥ SB-U012
504 -4 SMX
25
0 1 L L] 1 1
0 1 2 3 4 5
Drug concentration (uM)
= SB-B0O1
= SB-B002
= SB-U014
s SB-U015
m SB-K001
® SMX

2.5 5.0 7.5 10.0

Concentration (uM)
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TPP-1
TPP-2
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TPP-4
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TPP-14
TPP-16
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SIRT3
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ATPase activity (%)

— % - MitoQ
-+ Mito-CP
-+ SkQ1

-+ Mito-VitE

& Mito-TEMPO _|
& PU-H71

5 10 15 20

Drug concentration (uM)

* MitoQ

-* Mito-CP

-4 SkQ1

-« Mito-VitE
& Mito-TEMPO _|

o PU-H71

25 50 75 10

Drug concentration (uM)
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Relative Fluorescence
(Ex480/Em510)

Percent GFP intensity (%)
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