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8 9

AE o8t A, 53| ulole ol FofolA Uitks] FQsitl. ulol ojn S fg F xaBof Qo
T OEALS 9 =2 F AT FF =2 uM|(contrast)olth. I, HHEA L yrgl E]O] u=
(naphthalene diimide, NDI)¢} #& 7]&9 3349 SH-F% 7?3 (aggregation-caused quenching, ACQ) &}

= oHbele omd, FAA Aw 92 A AA S8 oHwE Fia vk 3= 2F(Aggregation-
induced emission, AIE) i SH-fF= 234} 34 (Aggregation-induced emission enhancement, AIE) ¥#}&=
AT ?2HFHA Y] wo AMEE WAoR F UhEAS BRou. §ddA #EE = v WA v &g s

ARE AFE £ = 34 Ao AgtE B2 W 3d RIR)C o8 A= dF olnHolA o L
tH] (contrast)E KT, SA7ZEA] FA & (QV)o] AL 100% 717k vhekst AIE @3 &3 o] = A A
ok iR wlo] o ojulA AlaEeA oHE] R EA7F Foldo] AE F5E FPAIIE U JA AF

A e olyel 9 UldA xS FPAS Ze ANER FFAE vlol ouy W vlo] o MM g
3 QAT oled TrHE o8] AgHA ot 53], &4 B A AFEfelA AEste A FHF 2de
sl slFAsH 1T e F& OLED oigh +87F wvh. g, BE FH9 &ujolA AN 4 AdH
3 (dual state emission, DSE) #A= w9 =&t}

gige] g
S dst = HA

wowge J1Ee] @yAlel A AT R AT At S, ole] Az % oo ST AT

A} Ft

A9 dEd ¢
BougAse, Aze EAelY duE 335 ~AEcE §Hdud GO PEeR Axd An, ¥

Hrge skl

= Rus

2 3e 1] sEhA 29 SRtES AlFeltt.
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mol 2 o gel B9 R 7] e A & g,

Re Bht ol4be] A2 A AL mAge o}d Ei sHzolRYd & k.

st olabel a GRS olabel w-529x]2 YAE Ao, @ 9x7h(valence) &
]

Fo e WA o Frk. E WA HellM, WA
p EE] o

IR REER
5

A, 2 dubHow gAlE o] g4 (d, 1 WA 12719 ga9ahE e A 3 24 23}
n

g3lra 7|8 ougtt. &7v|e] d&E Aggle] WY, dY, n-xEd, -22d, 54, -5, i-FE,
t-%d, AE-1-d, AE-2-¢, AE-3-¢, -WEFTE-1-¢, -HEdFE-2-¢, 2-HEdRE-2-Y, 2,2,2-E¢]
e E-1-¢d, n-A4, n-Fd 4 n-SE 5& LS. ¢ Fao] Yxr daxds AelA &evd
o]l g YApelA B-E Z](parent group) T 7] A (substrate)ol H-Z=E 4 o}, vl AR, AV =
Fzko] AA7F 8 F2E fWelA] FEvhd ey ool Hlga A3VE 2T 5 9 o], ¥R

= T M
A7) & CH(¥R), -CH(ER), == (FR),E TalH, dF 59, WY 4 5 Holk st &=

o2 qixd WidrE oun. "ERAA" ]9 o= Aggle] EXaREdd, EgFRRvd, EfHERy
d 3% Efeervd Fo] .

"AEAL = FA-0-5 ek, o7IelA 4 A7) AedEe] Stk &4l 719 e Algsle] MEAlL ol
A, n-EREFA -ZREA], -F5A], RS -5 -5 A], s-l5A] o RFAT. SFA=
Aol A Bexns gwbelA dtvhd dele] gl fixjeld R 7](parent group) Hi= 71
(substrate)oll F-2= 4= glch. vp7HA =, EFA7]E F-ao] A7t 272318 ke =tk i o]
dol vlga ARVIE ZIE 5 Qv dE 5o, TFRAFA, = O0-UL(TR), -0-CH(FR), T -0-C(F
28 W, Wdr]e] 4 F Aol st FRAeE A E vWEr|E ovdn. "F2AdFA"7]9] €=

¢

2 nEERY el Favt AAE PES 1EE oud F u, wda
= oAk, T3 UlA 12 AR ol & nElE FASE dAE 3 UiA 127) EFeteE oS
g 4 o, A dE2A, d9d, yzd, AdEZHAY, dAdEL, mloldd, T Hid 5& g &
RO, ofo AFE= AL ofyrt, v Told, & FFo] Azt aFxAS fvelA] Fevhd oo 1
7 YAtol A X Z)(parent group) i 1A (substrate)ol F&H=E = vk, mpRUIXE, To}d, &
A7 8 FFAE YNelA GEvd s ool HlgA XEVE 2T 5 T

TElEReld & 1EE A AR N, 0, B S F Ul o] R dxE i UEFS 1dE 9
e g oglan, @dae] e vggadd g vk B3, T3 UiA 12 dAke ez & agE dAshs
AAE 3 WA 127) ek SElEeld S o 5= glom, ofrjelA Ha, Abh gl gomiE myAom
AgE= dE 50 1 WA 4719 sezdart g@a AxE qAdy. o daA, TaHzord ) 2 Eold

Aoled, FH, vEd, HHUSH, ovuEE, EolEd, SAEY, ofoliE oS, SAHolEYH, EgolE
o, ddgdd, meed, deuid, EfobAd, EgorEd, ofaedr], duAdr], dHAd, F=ed,
FuEd, FAsded, dsAd, ZgeAd, dEngd, dex deugd, v vEAd, vk n v
Al ofelaFERl, QlE, FhEE, ovvxyeuAd, ovitxdyd, ovvxyertd, v|eERy]
grjgd, ojntzyetAd = vdEEdud, N-obd7buE, N-dH 2ot bbE, N-Sd7mbEr], Wz
SARS,  dWlzolvivE,  wWxEoelE, wWlxrhbE, WAoo,  ywlzselesd,  ElomMtoled,

<

MEF, AIESYU, ofolaSAEY, SAIEY, Foltlol®d, WaEolEY, HEREY, e
d, guEdE Et guEfed 52 TP 5 9o, ol AusE e ohrh. 4 HHzolY, &
VAol At aFEAS gwsd gEthd 9o 1e QAdd FE 7l(parent grow) EE 714
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7] BY GRE 71 L T A, o Sol, Tekxg, MQE, A4 93, FU-f7] BEA, 2 48
FoAZRe B 98 9% Gued AeE 5 Qo) ool ABHA & & Advh w3, 47 3%
dub AAwE 42 D Hehnd gAe A4 wEAezA AsE F dovt, od ARNHA ¥ 4+ A
=9, 47 9% 9RE 39 08, 3Y B9 997, ARy ojdel, 2L HYnae] By ARonA
Ei olq QGEEA AR F glont, ol ARHA $e & A

s/ AAlelo] mew, ey 29 SFEE AL Tyl i, FEAo| vob okl AXe|NPAAE F
851 H8T 5 b Ao FAHT. webq, X uve] we ¥ At 58 veleclvgd felshi
#8% 4 9

wowgel o] 2 54, a93 AAES s PEe RSl Tl s Fxsn B
A Aolth, et B ouge ostd A AASE AAdE @Y5E Aol ohln AR B BId Juz T
A Zoln, @A B AR B oune AN $HsEs s, B wge] Lehi l&ielx F4)
A4 A AeA WP MFE AsA ST e A delm, W wume Pyae] WEel o
Aog wolt}

gge] £
woggel nhE By 29 FFES Y PR, 53 voleolnge A% FF Fn=A 83 AgE

ATt

ZEHo] 7ha3 dy

T 12 DMSOZ =A% 6NP-14, 6NP-2, 6NP-7, 6NP-8, 6NP-11, 6NP-12 % 6NP-13¢] &4 AHEZ(l) ¥ ¥
2~HAEH (h)S HolFr.

T 25 0.5 uM9 6NP-14 (a), 6NP-1 (b), 6NP-9 (c¢), 6NP-6 (d), = 6NP-13 (e)9] ol#] fmjoAe 334 ~3)
EHS HolFET),

= 32 0.5 pMe] AAje] 20 WX] 289 w2 3}3HE9 oy LuoAe P ~HEHS HAFET,

T 4% Hela A9 2olgle ME ojud AFE HoFErh. (a) 10uM 2 20 uMe] 6-X38 YZE[2, 1-p]Wl=x
FHoz 1 A Fok G w1 Hela A2 &3 2 ¥ Aokl AolglE AE oju|x], 3l oju|x] : 20 p
M 6NP-12 (b), 6NP-13 (c), % 6NP-10 (d). scale barE 100 pmZE Eld.

glo]lB A|E ojmA ZAFE BolFt). Hela AlEY & 24 glo]lB AXE ojn|x&=
10 pme 6NP-132.= 1 AJZF Fot vjek 3k & 20 & F<9F 150 nMe] MitoTracker Red (a) % 30 & 59F 75 nM
LysoTracker Red (b)& AH#]3stdct. A2 49 (Ex : 405 nm, Em : 410-560 nm)2 6NP-13 F3JollA H|EE, 1
23l LysoTracker Red &% T: MitoTracker Red dF o= RE]9] AM 22 (Ex : 561 nm, Em :> 566 nm).
scale bari= 10 pm. HeLa A ¥ w=gtA Xo] FAE 4 99 (RO Hx =g,

Y

%= 5% Hela Al¥9] & %23

“
s
2]

62 3}sh2] 29| FEE9 AxEA AF ZAIE HolFth. 6NP-8(a), 6NP-7 (b), 6NP-12 (¢), % 6NP-13

2 35t 29] ggE9 DSE £48 HAFE. AAF (91%5) 2 AL (oFg], Aex = 312 nm)ol A THF/ &=
E34E (099 %) F 10 pM 6NP-8 (a), 6NP-7 (b), % 6NP-12 (c)2] AF%l. 308 nm (d), 332 nm (e), 342 nm
()X 7] (excitation)® THF/E EFE (0-99 Bl 10 uMe] 6NP-8 (d), 6NP-7 (e), B 6NP-12 (f)<]
g ~FEH,; AU 396 nm oA 6NP-8 (d), 388 nmell A 6NP-7 (e), 405 nmollA 6NP-12 (f)<] ¥4 7= 1

82 EtOH = A efol el 318t 29 3lg&9 PFAANEHS BojFErh, EtOH (0.5 pM, FA) 2 A
JE] (Aol 4], 6NP-8 (a), 6NP-7 (b), 6NP-12 (c¢), % 6NP-13 (d)2 FF=HE; A AdF (9%
9 QM (QEZ A, = 365 nm) stollA] mAAFERol A ] 6NP-8 (a), 6NP-7 (b), 6NP-12 (c), 2 6NP-13 (d)<
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T 9= 33 29 3FetEe] At F7] BA A#ES BojFEvh. THF/water £8E(5/95: v/v) = A 27] BE
5 B9 200 nm 7FFY] YedAR S-S & & Atk 10 uMe 6NP-8 (a), 6NP-7 (b), 6NP-12 (c), ¥
6NP-13 (d); 9% 9 @ A= B¥ 2% 9 BF ¥ 9% oly : &x B¥, 2% olg : LN(G2(1)-
1) vs T.

=102 tFd 24k el A el 6NP-79] FF AHERS HolEr

= x B4 A%E BAF. (a) 3 Hdog el B4 U CH-0 4% 28 (2.249
A)S Zte= 6NP-7¢ AA F2. (b) SHolA B Slip-stacked 6NP-7 %}, (¢) #3HA Hdog yephl £z 7+
S---S A3t (3.769 A)S T3k 6NP-79] packing TZ. (d) A I+ FE#8S B3 6NP-79] packing T+&; W
ZHA s Bz 7F S-S Ag (3.769 A); 2EA: B 7 CH-S AF (3.156 A); Q@AM Ex 7+ CH-0 A%
2.524 A).

~

o, © BEE AAAE Fo A% ARG, ] AAAE B BDE AAHE A B B el Wl
37 Aol @RHE AL ohth

EREY

olul uh

BAEA e @, RE A 2 % BAe 4AH BANA TSt RASA g AgsAn. He
2HY FWE Agdd 272 5ol Hw4 £0E AAGE A B xS T4 B olES
G BN F ofneis AS waT SoA azsieadss 9Ael, olg oplEel e, tho 2R e
& gelolom Agsh 49 $& A9Mow Azterns

7HA (230400 mesh)S AF&3le] 423 st} BE WF
0.25 mm 227} ZHolE (F—254)*J94 S a2veadgdz ZYHY S8t 551 BAS & FAE

ARESEe] =3 ST H 2 C NMR A~ EZL 400MHz NMR spectrometero] A 7|E%Qlom 3eh4 o]F v
quartet; m, multiplet), Hertz (Hz)9] AZH A4, L FAA}

% (s, singlet; d, doublet; t, triplet;
&

7
o Jhe= UEblE. HRMSE 7] 25 o (ESI) ¥ Q-TOF A% #4712 54 a3}

i‘l:’-‘*

224 9 FA9 §A4
1-(2-o}o] o =3d )-2-H| ZA] ol B} 3=

T
Ao wHkE o}lAE (10 ml) & 2-B2R-1-(2-olo] S wd) o El= (400 mg, 1.23 mmol)& Aol K,CO5 (255

mg, 1.85 mmol) 2 & (139 mg, 1.47 mmol)E DErh. 12A17F B¢ 3FAZ] & HkS 3IES HALoz Y

Z¥A)17]3L, Celite FEE o] g3lo] 73t TS EtOAcE A HE 74et dhol =E=AA 2 AAPES A9k, A
AES 287 Ao A ARvE 285 (hexanes:EtOAc, 49:1)2 AAsle] 4 o

Hd)-2-F 5 Al Eb=s DAt (262 mg, 63%). 'H NUR (400 MHz, CDCl3) & 7.94 (d, J = 7.6 Hz, 1H), 7.41-

7.46 (m, 2H), 7.27-7.31 (m, 2H), 7.15-7.19 (m, 1H), 6.99 (t, J = 7.2 Hz, 1H), 6.92 (d, J = 8.8 Hz,
2H), 5.10 (s, 2H); 13C NMR (100 MHz, CDCl3) & 199.9, 157.8, 141.6, 140.8, 132.5, 129.7, 128.7, 128.1,

121.9, 114.9, 91.7, 71.6; HRMS (ESI-QTOF) m/z [M+H]+ caled for CiH;210, 338.9876, found 338.9880.
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2-(4-(tert-HB)HFA)-1-(2-olo] L =3 d ) ol ==

é}‘@o

o] &L 2-HEH-1-(2-olo] 2 = d)olEl= (400 mg, 1.23 mmol), K.CO; (255 mg, 1.85 mmol), 2 4-tert-
Heds (222 mg, 1.47 mmol)S AFg&sle] 1-(2-olo] o wHd)-2-H S5 Ao ef=at Hde oz FAeqT).
st 9, (310 mg, 64%); H NMR (400 MHz, CDCly) & 7.94 (d, J = 8.0 Hz, 1H), 7.42-7.44 (m, 2H),

7.30 (d, J = 8.4 Hz, 2H), 7.15-7.19 (m, 1H), 6.86 (d, J = 8.8 Hz, 2H), 5.08 (s, 2H), 1.29 (s, 9H); 'C
NMR (100 MHz. CDCls) & 200.1. 155.6, 144.7, 141.8, 140.8, 132.4, 128.7, 128.1, 126.5, 114.5. 91.7.

71.9, 34.3, 31.6; HRMS (ESI-QTOF) m/z [M+H]+ calcd for CisHylO, 395.0502, found 395.0505.

2-(3,4-to|H| F A F 5 A )-1-(2-0}o] . =¥ ) o Bf=

O\@OMG
OMe

o] 3FEL 2-HEH-1-(2-olo] 2 =Hd)oEl= (400 mg, 1.23 mmol), K.,CO; (255 mg, 1.85 mmol), & 3,4-T}
oM EAI A= (227.5 mg, 1.47 mmol)E AFE3te] 1-(2-oto] e d)-2-H 5 Ao Ef=2} U iR 33t
Sk, A od, (332 mg, 68%); lH NMR (400 MHz, CDCls) & 7.93 (d, J = 8.0 Hz, 1H), 7.42-7.43 (m, 2H),

7.15-7.19 (m, 1), 6.75 (d, J = 8.4 lz, 1), 6.55 (d, J = 2.4 Hz, 1), 6.39 (dd, J = 2.4, 8.8 Hz, 1I),
5.05 (s, 20), 3.83 (s, 3H), 3.82 (s, 3H); C NMR (100 MHz, CDCl;) & 200.2, 152.4, 150.0, 144.4,
141.7, 140.8, 132.4, 128.7, 128.1, 111.6, 104.3, 101.4, 91.7, 72.4, 56.5, 56.0; HRMS (ESI-QTOF) m/z
M+ caled for CigHisl0, 399.0088, found 399.0091.

2-(3,5-tho|H| F A F 5 A )-1-(2-0}o] . =¥ ) o Bf=

| (0]
0] OMe

OMe

o] FEL 2-HREH-1-(2-0}o] L EFH D) EF= (400 mg, 1.23 mmol), K,CO; (255 mg, 1.85 mmol), 2 3,5-T}
ol EAIHE (222 mg, 1.47 mmol)E AFESsle]  1-(2-oto] L mE )2~ Ao el T WHo=
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110"

P, A oY (406 mg, 83%); 1H NMR (400 MHz, CDCl3) & 7.93 (d, J = 8.0 Hz, 1H), 7.41-7.45 (m,

olt

9H). 7.17 (br s, 1H), 6.08-6.16 (m. 3H), 5.06 (s, 2H). 3.75 (s, 6H); C NMR (100 MHz, CDCls) & 199.5,
161.6. 159.6, 141.5. 140.8, 132.5, 128.7. 128.1, 94.2, 93.8, 91.7. 71.6. 55.5: HRMS (ESI-QTOF) m/z
[M+Nal™ caled for CygHysNalO, 420.9907. found 420.9906.

1-(2-0to] © E3' 9 )-2-(F L S-1-L 4] ol &h-1-&

ALo| A wRkE ol EL]EY (10 nl) & 2-BEER-1-(2-o}o] o =3 d) o e (200 mg, 0.62 mmol) &K
K.CO; (144 mg, 1.24 mmol) 2 l—b}_a (75 mg, 0.52 mmol)S ¥AT. 6A17F &9t A-2o|A WHEAIZL & o

gul

oo 2

FE9 7t Flo A7 FH B (10 mb)E A3k CCl, (10 mL X 2)2 =Z3Ach. 38 $47)
A2 AFSAL, NgSOdelA AEAZ vhs 7 stell sFAA 2 AES At Ao A ZAl

ZulE 133 (hexane:EtOAc:dichloromethane, 50:1:2)%2 AA|sle] =M o A=A 1-(2-0}o] L EFHd)-2-(
ZEA-1-A A ) ol E-1-22 AU} (146.9 mg, 76.3%).

ofj
o

LLU

'H NMR (400 MHz, CDCls) 68.11 (d, J = 8.4 Hz, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H),
7.51-7.40 (m, 5H), 7.35 (t, J = 8.0 Hz, 1H), 7.16 (td, J = 7.8 , 1.6 Hz, 1H), 6.79 (d, J = 7.6 Hz,
M), 5.25 (s, 2H); "C NMR (100 MHz, CDCly) & 200.2, 153.4, 141.8, 140.5, 134.5, 132.3, 128.7, 127.9,

127.4, 126.6, 125.5, 125.5, 122.0, 121.4, 105.2, 91.6, 71.6; HRMS (ESI-QTOF) m/z [M+Na]+ calcd for
CisHi3INaO, 410.9852, found 410.9857.

1-(2-0}0] © E3' 9 )-2-(F L S-2-L 4] ol &h-1-&

O

Are-o A wutEl ol Evo]ER™ (10 ml) & 2-BERE-1-(2-olo] e wHd)oEl= (270 mg, 0.83 mmol) &
KoCOs (192 mg, 1.39 mmol) % Z—L}#E (100 mg, 0.69 mmol)<= EUt}l. 6A17F Bt A-20|A] WHEAZ]

ES 7% stol A7 F 2 (10 mb)E &AstaL CHCl, (10 mL X 2)& FF3u. &38F

2 AlFstar, MgSodelA A7 the 7S sholl 535A1A 2 Ad=S dd. AHES HEaA
Aol ZHYA] A EvE 1Y) (hexane:EtOAc:dichloromethane,50:1:2) %2 AA|3}e] wgAM o AR A 1-(2-0}o] L
sHd)-2-(UZeal-2-d A ol g-1-2& AU} (157.8 mg, 61.4%).

" NMR (400 MHz, CDCl3) §7.93 (d, J = 7.6 Hz, 1H), 7.78-7.73 (m, 3H), 7.47-7.36 (m, 4H), 7.20-7.14 (m,
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[0113]
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[0115]

[0117]

[0119]

[0120]
[0121]
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3H), 5.21 (s, 2H); 13C NMR (100 MHz, CDCl3) & 199.8, 155.6, 141.4, 140.7, 132.4,132.4, 129.8, 129.4,

128.6, 127.9, 127.7, 126.9, 126.6, 124.1, 118.6, 107.4, 91.7, 71.5; HRMS (ESI-QTOF) m/z [M+H]Jr calcd
for CisHi4I0, 389.0033, found 389.0030.

2-([1,1'-mpe] o d ]-3-L5A))-1-(2-ofo] L =5 d ) ol F-1-2

Ao A WHtE oM ELC|EH (10 ml) F 2-HER-1-(2-¢}o] 2 Fd)oEl= (210 mg, 0.65 mmol) &M

KsCO; (163 mg, 1.18 mmol) @ 3-#d#= (100 mg, 0.59 mmol)S EAT. 6A17F B¢ A Lo WA &,

Hhg Ef=S st stell wFAX F = (10 nb)E 348kal CHCl, (10 mL X 2)2 FE33A. 9% 7]
T 92 AHGkL, NgSo el AEAZ v A sl sF5AA £ =S A9l AeghddA =2

Al ARutE7#Y (hexane:EtOAc:dichloromethane, 50:1:2)2 AA|ste] FH3 od=ZA] 2-([1,1'-vlolHd ]-
3-U&A])-1-(2-oto] ) o &h-1-25 AU} (180 mg, 73.8%).

NMR (400 Mz, acetone-ds) §7.99 (d, J = 8.0 Hz, 1), 7.73 (d, J = 7.6 Hz, 1H), 7.64 (d, J = 8.0 liz,
o), 7.52 (t, J=7.6 Hz, 1), 7.42 (t, J = 7.4 Iz, 20), 7.36-7.34 (m, 20), 7.25-7.24 (m, 3H), 6.98
(d, J=8.0 Hz, 1), 5.34 (s, 2H); CNMR (100 MHz, acetone-ds) & 198.9, 158.6, 142.5, 141.5, 140.7,
140.6, 132.5, 129.9, 128.8, 128.8, 128.2, 127.5, 126.9, 120.0, 113.8, 113.3, 91.3, 71.3; HRMS (ESI-
QTIOF) m/z [M+H]+ caled for CyoHisl0, 415.0819, found 415.0816

sety 19 sggel ¥4

3-(2-otol e =)Wl EF& (H{2h)] &4

CHCl, (4 mL)ZF9] 1-(2-olo) e xwd)-2-9 5 Aol B} (150 mg, 0.44 mmol)e] uykgl golo] webdEAL

S diethyl ether (10 mL

(0.286 mL, 4.4 mmol)S ZH7FsATE. 55 CTolA 40417 F<F wwt 3 & wkg- %?1%
Azl Joll Al AEAI7]aL 7ot 3

X 2)8 FZe3 A5 (brine) (10 mL)= A1 3hqich. A%
of EHAA 2 APEES AT, A oA Z:A] AZvlE T (hexanes:EtOAc:CH,Cl,, 50:1:2)2

o> m{n

Al 1{2}S TAlo] oz AT} (86.4 me, 61 %). H NMR (400 Mz, CDCly) & 8.02-8.05 (m, 1H),
7.79-7.81 (m, 1H), 7.57-7.61 (m, 1H), 7.49-7.52 (m, 1H), 7.44-7.46 (m, 2H), 7.35-7.40 (m, 1H), 7.27-
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7.32 (m, 1H), 7.09-7.14 (m, 1H); 13C NMR (100 MHz, CDCl;) & 155.0, 143.0, 140.1, 136.9, 131.2, 129.5,

128.3, 127.2, 124.7, 124.3, 122.9, 122.9, 121.0, 111.8, 99.9, 99.8; HRMS (ESI-QTOF) m/z [M+H]+ calcd
for CyHipI0 320.9771, found 320.9776.

5-(tert-H8)-3-(2-cto] L= )Ml =F& (1{3})

[
0
0

o] IFFEL 2-(4-(tert-HE)HAZA])-1-(2-o}o] 2 =Hd)oEl= (200 mg, 0.51 mmol) B wELEZEAL (0.33

ml, 5.1 mmol)E AFL3se] 1{2}e} 58k wHog IS, A A (94 mg, 49%); 'H MR (400 MHz,
CDCly) & 8.04 (d, J = 8.0 Hz, 1H), 7.74 (s, 1H), 7.41-7.50 (m, 5H), 7.11 (t, J = 7.6 Hz, 1H), 1.37

(s. 9H); C NMR (100 MHz. CDCls) & 153.3, 146.1, 143.3, 140.2, 137.2, 131.3, 129.4, 128.3, 126.6,

124.4, 122.6, 117.3, 111.0, 99.8, 34.9, 32.0; HRMS (ESI-QTOF) m/z [M+H]+ caled for CieHiI0 377.0397,

found 377.0401.

3-(2-o}o| . &=3d)-5,6-Tol v FA M EF & (1{4})

MeO '
0
O

MeO

-78 TCollA ke = CHCl, (20 mL) F9 2-(3,4-tho]mlSZA 5 A])-1-(2-ofo] @ L3 ) ol Eh= (200 mg, 0.50
mmol) &ol BCly (CHCly & 1M &%, 0.75 mL, 0.75 mmol)& #7F dtdth. A7) sloll A 1A17F b ank
5, WhE ERHEC -78 Tolld & (2 mD)E HUbstal Ao stdalv. vk e & (10 mb)E 3
Akl CHCly (10 mL X 2)2 FZF3Fdvh. 3 77158 A= AAS L, NgSo el A=Az vs et
atol EHAA 2= ALES Aot AEgtAeA ZdjA] A=vtE2#)9] (hexane:EtOAc, 49:1)% A3t

H4E ¥4 4 (161 mg, 84 o= I3, 'H NIR (400 MHz, CDCl3) & 8.01 (d, J =7.6 Hz, 1H), 7.65 (s,

), 7.40-7.46 (m, 2H), 7.08-7.12 (m, 2H), 6.86 (s, 1H), 3.95 (s, 3H), 3.88 (s, 3H); C NMR (100 Mz,
CDCly) & 149.7, 148.4, 146.8, 141.9, 140.1, 137.3, 131.2, 129.5, 128.4, 124.6, 119.0, 102.2, 99.9,

95.6, 56.6, 56.4; HRMS (ESI-QTOF) m/z [M+H]+ calcd for CiH14I05 380.9982, found 380.9986.
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3-(2-¢lol . xHd )4, 6-tFo| W EA M F & (1{5))

OMe O
|
0
MeO 0

o] 3EL 2-(3,5-To|uEA H =5 A] ) -1-(2-0}o] L = H ) EF= (200 mg, 0.50 mmol) 2 BCly; (IM solution
in CHCl,, 0.75 mL, 0.75 mmol)E A}g3sle] 1{4}3} U3 ¥ o= AT, A 14, (158 mg, 83%),

mp: 120.4-122.4 C; 'H NUR (400 MHz, CDCls) & 7.94 (d, J = 8.0 Hz, 1H), 7.43 (s, 1H), 7.34-7.38 (m,

2H), 7.05 (t, J = 8.0 Hz, 1H), 6.70 (s, 1H), 6.33 (s, 1H), 3.87 (s, 3H), 3.69 (s, 3H); "t MR (100
MHz, CDCls) & 159.4, 156.9, 154.6, 140.5, 138.9, 137.9, 131.2, 129.0, 127.5, 124.3, 110.8, 101.3,

94.7, 88.4, 55.9, 55.6; HRMS (ESI-QTOF) m/z [M+H]+ calcd for CiHiI0; 380.9982, found 380.9983.

3-(2-oto| 2 =3 )4, 6-To] W SA MEFA-7-7tE LS| = (16 FA4

oy 3 9= DWF (2 ml) =9 1{5 (100 mg, 0.26 mmol) &%l POCl; (0.49 mL, 0.52 mmol)Z H7}slitt.
1%11_

B F, NS EFES HLOR WANYIE Naf0, SN0 2YAAY. B

ofj
tlo

100 CollA 12 A7k BoF &

—

EtOAc (10 mL X 3)® F=31, & (10 mL X 2) ¥ <9< (10 mL) 2 A3, T4 MgS0= AZFA 72, 74!
stoll w5A1A = AAAES 4AJoh. AgFtA FdA A AZeET# 9 (hexane:EtOAc, 7:3)% A3}
H6re 24 1A 24 Ak, (67 mg, 62 %). mp: 202.4-204.7 C; H NMR (400 MHz, CDCls) & 10.47 (s,
), 7.91 (d, J = 8.0 Hz, 1), 7.55 (s, 1), 7.34-7.37 (m, 2H), 7.05 (t, J = 7.2 Hz, 1H), 6.30 (s,
1), 3.99 (s, 3H), 3.81 (s, 3H); C NMR (100 Miz, CDCly) & 186.5, 163.6, 159.9, 155.2, 142.1, 138.9,

137.2, 131.1, 129.3, 127.6, 123.7, 111.7, 106.4, 101.1, 89.8, 56.8, 55.9; HRMS (ESI-QTOF) m/z [M+Na]+
calcd for Cy;HisNalOy 430.9751, found 430.9751.
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3-(2-¢loleEHd)YZE[L, 2-b] F&

-78 ColA =WrE = CHCl, (20 mL)Z=9 1-(2-ofo]lew#d)-2-(1}2 1-gL Ao E-1-= (80 mg, 0.22
mmol) €Mell BCly; (CH.Cl, & IM €&, 0.26 mL, 0.26 mmol)S H7}sldct. @& 7] stolA] 1A)17F B¢

T oHkg E3tEo] -78 TolA % (2 mL)& #7}
0mL X 2)2 FZ3F3}. i%%

b Sholl FFAIA = ANES 4. Ay FHAeA ZYA] AZvtE2Y T (hexane:EtOAc:dichloromethane,
50:1:2)2 AASte] =@ o AdZA 3-(2-ofo] LW d)YZE[1,2-p]F S LA (79.8 mg, 100 %).

Shal Ao &5 2T, W EES & (10 b=
7158 A2 MAEsta, NgSodelxd A=A v 3

Lo
1

[«0

_ .
k!

(@)

jmm)

5]

(@]

:

'H NUR (400 MHz, CDCls) &8.39 (d, J = 7.6 Hz, 1H), 8.05 (d, J = 8.0 Hz, 1H), 7.97 (d, J = 8.0 Hz,
M), 7.92 (s, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.64 (t, J = 7.4 Hz, 1H), 7.55-7.52 (m, 2H), 7.48 (s,
2H), 7.13 (t, J = 5.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) & 150.5, 141.9, 139.9, 136.9, 131.6, 131.2,

129.4, 128.3, 128.2, 126.5, 125.4, 125.4, 123.4, 122.7. 121.6, 120.1, 119.3, 99.9; HRMS (ESI-QTOF) m/z
[M+H] caled for CisHisl0, 370.9927, found 370.9916.

1-(2-olol L EH Y U= E[2, 1-b] FF

-78 ColAq awtEE CHCl, (20 mL)F9 1-(2-olo] e = d)-2-(L} & 2-d2-A] ) o EF-1-2 (130 mg, 0.33
mmol) &Mell BCly (CH.Cl, = IM €<%, 0.40 mL, 0.40 mmol)S H7}sldch. A& 7] dfolA] 1A17F <k vk

ToHkg 3R] -78 Tl & (2 mb)S 7}
0nL X 2)& FZ33T}. %E%

b Sholl FFAIA = AXMNES 4. Ay FHAeA ZYA] AZvtE2Y T (hexane:EtOAc:dichloromethane,
50:1:2)2 AAsF] =g uA2A] 1-(2-olo] e EH Y )UTE[L,2-p] FES AAT} (122 mg, 100 %).

Lo %
1

[«0

_ .
k!

(@)

jmm)

5]

(@]

:

Fu ALow 22 Lyt WS FFES B (10 mL)E
T715s d= AFRsaL, NgSo oA A=A e 7

i=]

LA 1A, mp: 120.8-121.47C; 'H NIR (400 MHz, CDCl;) &68.08 (d, J = 8.0 Hz, 1H), 7.95 (d, J = 8.0

Hz, 1H), 7.80 (d, J = 8.8 Hz, 1H), 7.75 (s, 1H), 7.72 (d, J = 5.6 Hz, 1H), 7.54-7.49 (m, 3H), 7.45 (t,

J=76Hz, 1), 7.36 (t. J=7.4 Hz, 1H), 7.23-7.19 (m, 10); C NMR (100 MHz, CDCly) & 152.7, 141.9,
139.3, 138.4, 131.5, 130.6, 129.8, 128.7, 128.3, 128.2, 126.3, 126.3, 126.0, 124.5, 123.1, 120.9,
112.6, 101.9; HRMS (ESI-QTOF) m/z [M+H] caled for CihysI0, 370.9927. found 370.9923.
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3-(2-olo] L= d)-6-H M= F .

&

=78 ColA wyr=E = CHCly (20 mL)ZF2] 2-([1,1'-vle]dd |-3-USA])-1-(2-o}o] L =5 d ) o &-1-2 (180 mg,
0.43 mmol) &o] BCly; (CH.Cly 3 IM €9, 0.52 ml, 0.52 mmol)<S H7lakich. A ti7] stolA 1X7 Bt
WHHE F,oukg EgkEe] -78 ColA B (2 nb)& A bsta Ao 2EE &R whe EYES B (10
ml) & ,]Mo}z CHCl, (10 mL X 2)2 FEF3th. E¥H 77155 952 Ak, MgS0/dolA Az=A71 o
= et 3}l TEAA =x ANES AT}, A2 FFA o A %?41’\] A2utE 19
(hexane:EtOAc:dichloromethane, 50:1:2)2 AA St FH3 od=ZA] 3-(2-ofo] e EHd)-6-AdHNZFIS
A}t (130 mg, 75.6 %).

1H NMR (400 MHz, acetone-ds) 68.07 (d, J = 8.0 Hz, 1H), 8.00 (s, 1H), 7.87 (s, 1H), 7.73 (d, J = 8.0
Hz, 2H), 7.60 (d, J = 8.0 Hz, 1H), 7.55-7.46 (m, 5H), 7.37 (t, J = 7.0 Hz, 1H), 7.20 (t, J = 7.6 Hz,
1H); 13(3 NMR (100 MHz, acetone-ds) & 155.6, 143.9, 140.8, 139.9, 138.2, 136.6, 131.3, 129.8, 128.9,

128.5, 127.3, 127.2, 126.3, 124.3, 122.3, 121.0, 109.8, 99.2; HRMS (ESI-QTOF) m/z [M+H]+ calcd for
CaoH1410 397.0084, found 397.0074.

ststa) 49| sgee] ¥4
6-mIEA-3-(2-(H e )l d)A=F 1, 1) FA

(2
N\
MeO; O

Et:N (2 mL) 59| 3-(2-o}o] e =dd)-6-HEANZF& (1{1}) (50 mg, 0.14 mmol) & YR njojdo] Hd

oAl & (3{1})(17 uL, 0.154 mmol), (PhsP),PdCl, (9.8 mg, 0.014 mmol), ¥ Cul (2.7 mg, 0.014 mmol)Z
A7 sk, 80 TollA 12 AIZF gk gk sk & uks S3+E8- FFoA] FFHAA £ AYAE(crude produc
t)S AU,

Ay 7tA Ao ZhA] AZvE 1YY (hexane:EtOAc, 49:1)E AA ] 4{1, }S 3 A(yellow gum) o=
A AT (40.6 mg, 88 %). H NMR (400 MHz, CDCl3) & 7.99 (s, 1H), 7.71 (d, J = 7.6 Hz, 1H), 7.61-7.64
(m, 2H), 7.44 (t, J=7.6 Hz, 1), 7.36 (t, J=7.2 Hz, 1), 7.29 (s, 5H), 7.11 (s, 1H), 6.94 (dd, J =
2.0, 8.8 Hz, 1H), 3.89 (s, 3H); 13C NMR (100 MHz, CDCl;) & 158.2, 156.3, 142.8, 134.0, 133.4, 131.5,
129.4, 128.7, 128.4, 128.4, 127.3, 123.3, 122.2, 121.3, 120.5, 120.4, 112.1, 96.2, 93.1, 89.4, 55.9;
HRMS (ESI-QTOF) m/z [M+I1" caled for Cofli0, 325.1223, found 325.1225.

_22_



[0160]

[0161]
[0162]

[0164]

[0165]
[0166]

ZIHSd 10-2020-0111120

6-HI S A-3-(2-((4-HEA F D)) A ANEFT (41,2})

()
\
MeO O 0\ OM

o] 3}stEL mg AFH 3-(2-olo] e Hd)-6-HEAHNEFH (1{I1}) (50 mg, 0.14 mmol), 1-°Eld-4-WE
Al A (20 pL, 0.154 mmol), (PhsP),PdCl, (9.8 mg, 0.014 mmol), 2 Cul (2.7 mg, 0.014 mmol)E A}-&3}o]
401, 113 Sd9 wHo= FAETh. B 7 (43 mg, 85%); H NMR (400 MHz, CDCly) & 7.98 (s, 1H),

gud

7.67 (d, J=7.6 Hz, 1H), 7.59-7.64 (m, 2H), 7.41 (t, J=7.2 Hz, 1H), 7.34 (t, J=7.6 Hz, 1H), 7.23
(d, J=8.8Hz, 2H), 7.09 (d, J = 2.0 Hz, 1H), 6.92 (dd, J = 2.0, 8.8 Hz, 1H), 6.81 (d, J= 8.8 Hz,

2, 3.89 (s, 3H), 3.80 (s, 3H); 13C NMR (100 MHz, CDCls;) & 159.7, 158.2, 156.3, 142.7, 133.7, 133.1,
132.9, 129.4, 128.3, 127.3, 122.6, 121.4, 120.6, 120.5, 115.5, 114.1, 112.0, 96.2, 93.2, 88.1, 55.9,
55.4; HRMS (ESI-QTOF) m/z [M+H]+ caled for Culig0s 355.1329, found 355.1326.

6-mIEA-3-(2-(B-HISAF DA ) A D)A=FT (41,31

(2
N\
; \OMe

o] FFgEL 3-(2-olo] e EHE)-6-HEAMEFT (1{1}) (50 mg, 0.14 mmol) 1-°lE]d-3-w|EA Al (19.5
nl, 0.154 mmol), (PhsP),PdCl, (9.8 mg, 0.014 mmol), 2 Cul (2.7 mg, 0.014 mmol)E A}&3te] 4{1,1}3 &

o]
o

]
=

wwloz At S4 A, (42 mg, 83%): H NMR (400 MHz, CDCly) & 7.93 (s, 1H), 7.69 (d, J =

7.6 Hz, 1M), 7.58-7.63 (m, 2H), 7.43 (t, J =7.6 Hz, 1H), 7.36 (t, J =7.6 Hz, 1H), 7.19 (t, J = 8.0
Hz, 1H), 7.09 (d, J = 2.0 Hz, 1H), 6.88-6.94 (m, 2H), 6.84 (dd, J = 2.4, 8.4 Hz, 1H), 6.70 (s, 1H),

3.88 (s, 3H), 3.74 (s, 3H); C NMR (100 MHz, CDCl,) & 159.4, 158.2, 156.4, 142.6, 134.1, 133.3,
129.5. 129.5. 128.7, 127.4, 124.3. 124.0, 122.3, 121.5. 120.6. 120.6, 115.9, 115.3, 112.0, 96.1, 93.1,
89.2, 55.9, 55.4; HRMS (ESI-QTOF) m/z [M+H]+ caled for Cullig03 355.1329, found 355.1325.
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6-m 5 -3-2-(-E2 ) A M=F& (41,4)

o] 3= 3-(2-ofo] Q| d)-6-HEAMEFT (1{1}) (50 mg, 0.14 mmol) 1-°lEld-4-w&HA (19.5 p
L, 0.154 mmol), (PhsP),PdCl, (9.8 mg, 0.014 mmol), 2 Cul (2.7 mg, 0.014 mmol)ZS A}&3td 4{1, 1}3 =<4

ro

W o g At S 1A, (43.5 mg, 90%); mp: 74.5-76.2 C; 'H MR (400 MHz, CDCly) & 7.99 (s,

1), 7.69 (d, J = 6.8 Hz, 1H), 7.60-7.64 (m, 2H), 7.42 (t, J = 7.2 Hz, 1H), 7.35 (t, J = 6.8 Hz, 1H),
7.19 (d, J = 7.6 Hz, 2H), 7.08-7.10 (m, 3H), 6.93 (dd, J = 2.0, 8.8 Hz, 1H), 3.89 (s, 3H), 2.34 (s,

30 lSC NMR (100 MHz, CDClsz) & 158.2, 156.3, 142.8, 138.6, 133.9, 133.3, 131.4, 129.4, 129.2, 128.5,

127.3, 122.4, 121.3, 120.6, 120.4, 120.2, 112.0, 96.2, 93.3, 88.7, 55.9, 21.6; HRMS (ESI-QTOF) m/z
[M+H]" caled for CoHigOy 339.1380, found 339.1377.

6-m S AI-3-2-(a-EZ A B D) A N=FZ (4(1,5)

[
\
MeO; Me

o] 3B 3-(2-olo] T HY)-6-HEAMZFES (1{1}) (50 mg, 0.14 mmol) 1-oE]d-3-w&uAl (20 ulL,
0.154 mmol), (PhsP),PdCl, (9.8 mg, 0.014 mmol), % Cul (2.7 mg, 0.014 mmol)ZE AFE3}e] 4{1, 1} L3
W o= shdalelth. 24 71, (44 mg, 91%); H NMR (400 MHz, CDCly) & 7.97 (s, 1H), 7.68 (d, J = 7.6
Hz, 1H), 7.60-7.63 (m, 2H), 7.43 (t, J = 7.2 Hz, 1H), 7.35 (t, J = 7.6 Hz, 1), 7.17 (t, J = 7.2 Hz,

M), 7.09-7.11 (m, 3H), 7.04 (s, 1H), 6.93 (d, J = 8.4 Hz, 1H), 3.89 (s, 3H), 2.29 (s, 3H): C NMR
(100 MHz. CDCly) & 158.2. 156.3, 142.7, 138.1, 134.0, 133.3, 132.1, 129.4, 129.3, 128.6, 128.5,

128.3, 127.3, 123.1, 122.4, 121.4, 120.6, 120.5, 112.0, 96.2, 93.4, 89.0, 55.9, 21.3; HRMS (ESI-QTOF)
m/z [M+H]+ caled for CauHig0, 339.1380, found 339.1382.

6-H E-A|-3-(2-((6~W EA YT & -2-A) Q) H D)l =FF (41,6})
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[0185]
[0186]

ZIHSd 10-2020-0111120

o] 3FELS 3-(2-olol Qe Hd)-6-HEAMEZFT (1{1}) (50 mg, 0.14 mmol) 2-olE]d-6-HEAL}Zetal (28
mg, 0.154 mmol), (PhsP).PdCl, (9.8 mg, 0.014 mmol), ™ Cul (2.7 mg, 0.014 mmol)E A&t 4{1, I}7} =<
g wow AT B4 A (45 mg, 78%): mp: 92.2-94.4 C: H MMR (400 MHz, CDCly) & 8.01 (s,

M), 7.72 (d, J=7.2 Hz, 1H), 7.61-7.66 (m, 5H), 7.44 (t, J = 7.6 Hz, 1H), 7.37 (t, J = 7.6 Hz, 1H),
7.26-7.29 (m, 1H), 7.12-7.15(m, 2H), 7.08 (d, J = 2.0 Hz, 1H), 6.93 (dd, J = 2.0, 8.8 Hz, 1H), 3.92

(s, 30, 3.90 (s, 3H); 13C NMR (100 MHz, CDCl;) & 158.4, 158.2, 156.4, 142.8, 134.2, 133.9, 133.2,
131.3, 129.5, 128.8, 128.5, 128.5, 127.4, 126.9, 122.5, 121.4, 120.6, 120.6, 119.5, 118.2, 112.0,
105.9, 96.2, 93.8, 89.1, 55.9, 55.5; HRMS (ESI-QTOF) m/z [M+H]+ caled for Cygl0; 405.1485, found
405.1488.

3-(2-((4-22=9 )N D) s d)-6-mSAMEFZ (4{1,7})

o] e 3-(2-otol e wHd)-6-H| F AT (1{1}) (50 mg, 0.14 mmol), 2- 1-FZ=2-4-o e 4l (21
mg, 0.154 mmol), (PhsP)-PdCl, (9.8 mg, 0.014 mmol), % Cul (2.7 mg, 0.014 mmol)E AFE3S}S] 4{1, 1} &<

3t Wi ow ShAEATE. A 7 (41 mg, 80%); 'H NMR (400 MHz, CDCl;) & 7.92 (s, 1H), 7.68 (d, J =

3

.6 Hz, 1), 7.60 (d, J = 8.4 Hz, 2H), 7.45 (t, J=7.6 Hz, 1H), 7.36 (t, J = 8.0 Hz, 1H), 7.24 (d, J
8.8 Hz, 2H), 7.16 (d, J = 8.4 Hz, 2H), 7.10 (d, J = 2.0 Hz, 1H), 6.92 (dd, J = 2.0, 8.8 Hz, 1H),

3.89 (s, 3H); C NMR (100 MHz., CDCly) & 158.2, 156.4, 142.6, 134.4, 134.1, 133.3, 132.7. 129.6,

128.9, 128.8, 127.4, 122.0, 121.8, 121.3, 120.5, 120.5, 112.1, 96.2, 92.0, 90.3, 55.9; HRMS (ESI-QTOF)
n/z [M+H]+ caled for CuslisCl0, 359.0833, found 359.0838.

6-H 5 A -3-(2-(Ro] L3 -3-d A E ) H D) N=F& (4{1.8)

(2
\
WAL

o] FEL 3-(2-olo] T H ) -6-HEAMZFS (1{I}) (50 mg, 0.14 mmol), 2- 3-olg]dMolo = (15 uL
0.154 mmol), (PhsP).PdCl, (9.8 mg, 0.014 mmol), 2 Cul (2.7 mg, 0.014 mmol)Z AF&3}e] 4{1,1} 3} & %

Wow FAHUT. 4 A, (39.2 mg, 83%); H MR (400 Miz, CDCls) & 7.94 (s, 1), 7.67 (d, J = 7.6
Hz, 1H), 7.59-7.63 (m, 2H), 7.43 (t, J = 7.6 Hz, 1H), 7.35 (t, J = 7.6 Hz, 1H), 7.22-7.28 (m, 2H),
7.10 (d, J = 2.0 Hz, 1H), 6.91-6.96 (m, 2H), 3.89 (s, 31); C NMR (100 Miz, CDCls) & 158.2, 156.3,
142.7, 134.0, 133.2, 129.7, 129.5, 128.6, 128.6, 127.4, 125.4, 122.4, 122.2, 121.4, 112.0, 96.2, 88.8,
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88.4, 55.9; HRMS (ESI-QTOF) m/z [M+H]+ caled for CuHis0.S 331.0787, found 331.0783.

3-(2-(F=-1-21-1-9) A )-6-HFAM=F& (41.9)

o
o
0]

o] 3}eEL 3-(2-olo) T HY)-6-HEAMZES (1{1}) (50 mg, 0.14 mmol) Il-hexyne (17.7 ulL, 0.154
mmol), (PhsP),PdCl, (9.8 mg, 0.014 mmol), = Cul (2.7 mg, 0.014 mmol)E A}83}] 4{1, I} L3 WHo

MeO

2 SAE9T. B4 7. (42.5 mg, 98%): H MMR (400 MHz, CDCls) & 7.91 (s, 1H). 7.53-7.57 (m, 3H),

7.36 (t, J=17.6 Hz, 1), 7.29 (d, J = 8.0 Hz, 1H), 7.07 (d, J = 2.0 Hz, 1H), 6.91 (dd, J = 2.0, 8.8
Hz, 1H), 3.88 (s, 3H), 2.30 (t, J = 6.8 Hz, 2H), 1.38-1.45 (m, 2H), 1.24-1.34 (m, 2H), 0.85 (t, J =

7.2 Hz, 31): "C NMR (100 MHz, CDCls) & 158.1, 156.2, 142.5, 133.7, 133.4, 129.3, 127.8, 127.2, 123.1,

121.4, 120.6, 120.5, 111.8, 96.0, 94.5, 80.3, 55.9, 30.6, 22.0, 19.4, 13.7; HRMS (ESI-QTOF) m/z [M+H]+
calcd for CyiHs10; 305.1536, found 305.1536.

-2~ e D)) HEFE 42, 1))

o] &L 3-(2-ofolowHd)HZFH (1{2}) (50 mg, 0.16 mmol), HdolAE&d (19.3 uL, 0.18 mmol)
(PhsP),PdCl, (11.2 mg, 0.016 mmol), 2 Cul (3 mg, 0.016 mmol)ZS AF&3}e] 4{1,1}3} T3 wlHo g Ay

Aok, T4 A, (42.5 mg, 92%); 1H NMR (400 MHz, CDCl3) & 8.06 (s, 1H), 7.74 (d, J = 7.6 Hz, 1H), 7.71
(d, J=17.6 Hz, 1), 7.63 (d, J = 7.6 Hz, 1), 7.58 (d, J = 8.0 Hz, 1), 7.45 (t, J = 7.6 Hz, 1H),
7.34-7.39 (m, 2H), 7.25-7.31 (m, 6H); 13C NMR (100 MHz, CDCls3) & 155.4, 143.7, 133.9, 133.3, 131.5,
129.5, 128.7, 128.4, 127.5, 127.2, 124.5, 123.2, 122.9, 122.4, 121.2, 120.6, 111.8, 93.2, 89.3. HRMS
(ESI-QTOF) m/z [M+H]™ caled for Cullis0 295.1117, found 295.1113.
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3-(C-(U-E2=Ad)deDAd)A=F& (42, 7)

Cl

o] FFEL 3-(2-olol o EH M EFS (1{2}) (50 mg, 0.16 mmol), 1-SFZ=Z-4-oeldulAl (24.5 mg, 0.18

mmol), (PhsP)oPdCl, (11.2 mg, 0.016 mmol), 2 Cul (3 mg, 0.016 mmol)E A}&3}e] 4{1, 117} HL3 WyHo=z

FAE Q. 84 1A, (34 mg, 66%); mp 72.4-74.6 T; 'H NMR (400 MHz, CDCls) & 8.00 (s, 1H), 7.74 (d,
J=28.0Hz, 1H), 7.69 (d, J=7.6 Hz, 1H), 7.58-7.63 (m, 2H), 7.46 (t, J = 7.6 Hz, 1), 7.35-7.40 (m,

OH), 7.29 (d, J=7.6 Hz, 1), 7.23 (d, J = 8.0 Hz, 20), 7.11 (d, J = 8.4 Hz, 20);: C NMR (100 Miz,
CDCly) 6 155.4, 143.5, 134.4, 134.0, 133.2. 132.7. 129.7, 128.9, 128.7. 127.6, 127.1, 124.5, 122.9,

122.2, 121.7, 121.2, 120.7, 111.8, 92.0, 90.3; HRMS (ESI-QTOF) m/z [M+H]+ caled for CypH14C10 329.0728,

found 329.0725.

5-(tert-H4d)-3-(2-((3,5-To]H|EA #F ) el d) A ) =F& (43, 10})

[
\\\
o OMe

o] &L 5-(tert-H4)-3-(2-olo]ewd )Mz (1{3}) (50 mg, 0.13 mmol), 1-oE]d-3,5-Tlo]u|HA|
3 mg, 0.14 mmol), (PhsP).PdCl, (9 mg, 0.013 mmol), ¥ Cul (2.5 mg, 0.013 mmol)E A3l 4{1,

03 e o w FAFESIT T4 A (33.9 mg, 62%); H NMR (400 Miz, CDCly) & 7.94 (s, 1H), 7.69-
7.72 (m, 2H), 7.59 (d, J = 7.6 Hz, 1H), 7.49 (t, J = 8.8 Hz, 2H), 7.37-7.41 (m, 2H), 6.36-6.38 (m,
1H), 6.25 (d, J = 1.2 Hz, 2H), 3.70 (s, 6H), 1.30 (s, 9H); 13C NMR (100 MHz, CDClz) & 160.5, 153.6,
145.9, 143.6, 134.5, 133.1, 129.7, 128.8, 127.5, 126.7, 124.5, 122.4, 121.1, 117.5, 110.9, 109.1,
102.1, 93.3, 88.9, 55.5, 34.9, 31.9; HRMS (ESI-QIOF) m/z [M+Nal™ caled for CogHoeNaOs 433.1774, found

433.1775.
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5-(tert-F2)-3-2-(p-E2 o)A M=F& (43,4)

\
0 \

Me

o] &L 5-(rert-HE)-3-(2-ote]mad )Ml = (1{3}) (50 mg, 0.13 mmol), 1-olE]d-4-vwel4l (18
pl, 0.14 mmol), (PhsP)oPdCly, (9 mg, 0.013 mmol), ™ Cul (2.5 mg, 0.013 mmol)ES ARE3s}] 4{1, 1}3} #&

Mo g FAEQT LA 7. (38.4 mg, 79%): H NMR (400 MHz, CDCly) & 7.97 (s, 1H), 7.70-7.73 (m,
2H), 7.60 (d, J = 7.6 Hz, 1H), 7.51 (d, J = 8.8 Hz, 1), 7.36-7.47 (m, 3H), 7.05 (s, 4H), 2.32 (s,
3H), 1.32 (s, 9H); C NMR (100 MHz, CDCls) & 153.6, 145.9, 143.7, 138.5, 134.2, 133.1, 131.4, 129.6,

129.1, 128.5, 127.4, 126.7, 122.8, 122.5, 121.0, 120.2, 117.4, 111.0, 93.5, 88.7, 34.9, 32.0, 21.6;
HRMS (ESI-QTOF) m/z [M+H]+ calcd for Cy7lys0 365.1900, found 365.1898.

5,6-Tho] | ZA|-3-(2-(B-HFA = DA D) A ) M=F2 (4{4,3})

- . O OMe

o] 3FEL 3-(2-olole=Hd)-5,6-to| | EA M ZF& (1{4}) (50 mg, 0.13 mmol), 1-oE]d-3-w|EA]ulxl
(18 uL, 0.14 mmol), (PhsP)oPdCly (9 mg, 0.013 mmol), = Cul (2.5 mg, 0.013 mmol)E AF&3le 4{1, 1}3 2
2 oz ST, A H, (40.9 mg, 81%); 'H ONMR (400 MHz, CDCls) & 7.87 (s, 1), 7.71 (d, J =
7.6 Hz, 1H), 7.57 (d, J=7.6 Hz, 1H), 7.44 (t, J = 7.2 Hz, 1H), 7.38 (t, J = 7.2 Hz, 1H), 7.12-7.19

(m, 3H), 6.82-6.87 (m, 2H), 6.65 (s, 1H), 3.96 (s, 3H), 3.83 (s, 3H), 3.72 (s, 3H); “CNMR (100 MHz,
CDCly) & 159.4, 150.0, 148.1, 146.6, 142.4, 134.4, 133.3, 129.6, 129.5, 128.8, 127.5, 124.2, 123.9,

122.4, 121.2, 119.1, 115.7, 115.4, 102.8, 95.5, 93.3, 89.2, 56.5, 56.4, 55.2; HRMS (ESI-QTOF) m/z
[M+H]+ calcd for CosHy04 385.1434, found 385.1438.

4,6-tho| | EA-3-(2- (U= &d-1-L D))l =FD (44, 11})
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o] e 3-(2-ofo] = )5, 6-thol M EA M EFH (1{4}) (50 mg, 0.13 mmol), 1-ollElduizerall (20
ul, 0.14 mmol), (PhsP),PdCl, (9 mg, 0.013 mmol), ® Cul (2.5 mg, 0.013 mmol)E A3} 4{71, 1}3} &
o FAETH. B4 A, (49.5 mg, 93%); H MR (400 MHz, CDCly) & 7.93 (s, 1H), 7.83-7.89 (m,
20), 7.79 (t, J=8.0 Hz, 2H), 7.59-7.61 (m, 1), 7.44-7.50 (m, 4H), 7.36-7.39 (m, 2H), 7.17 (s, 1H),
7.16 (s, 1), 3.97 (s, 3H), 3.78 (s, 3M); C NMR (100 Miz, CDCl;) & 150.1, 148.3, 146.8, 142.5,
134.2, 133.5, 133.2, 133.2, 130.4, 129.8, 128.9, 128.8, 128.3, 127.6, 126.7, 126.5, 126.1, 125.3,

122.9, 121.2, 120.9, 119.3, 102.5, 95.6, 94.0, 91.5, 56.5, 56.5; HRMS (ESI-QTOF) m/z [M+Na]+ calcd for
CasHaoNaOs 427.1305, found 427.1301.

5,6-Tol vl S A|-3-(2-((4-(Ete] EF 2 2r ) s ) g D)) dzF& (4{4, 12})

o] 4{1, 13} e wow FAHAT. B uA, (45 mg, 81%); mp 121.6-122.8 T; H MR (400 Mz,
(OCly) 6 7.86 (s, 1), 7.72 (d, J = 7.6 lz, 1), 7.59 (d, J = 7.6 Hz, 1), 7.46-7.52 (m, 3H), 7.40
(t, J= 7.2 Hz, WD), 7.30 (d, J =8 Hz, 21, 7.15 (s, 1), 7.14 (s, 1), 3.97 (s, 31), 3.83 (s, 3I);
“C MR (100 MHz, CDCI,) & 150.1, 148.3, 146.7, 142.5, 134.6, 133.5, 131.6, 129.7, 129.3, 127.6,

125.4 (q, J = 3.6 Hz), 121.7, 120.9, 118.9, 102.5, 95.6, 91.7, 56.6, 56.5; HRMS (ESI-QTOF) m/z [M+H]+
calced for C25H18F303 4231203, found 423.1202.

4,6-tto| W EA|-3-(2-(Fdel g d) s )tz F& (445, 1})

o] FEL 3-(2-olo] L= )-4,6-tFol W[ EAMZF (1{5}) (50 mg, 0.13 mmol), et (15.4 u
L, 0.14 mmol), (PhsP),PdCl, (9 mg, 0.013 mmol), = Cul (2.5 mg, 0.013 mmol)E A}&3to] 4{1, 133} £
Mo SHAT. FA A, (44 mg, 94%); H NMR (400 Mz, CDCly) & 7.68 (s, 1), 7.63 (dd, J = 1.6,
7.6 Hz, 1), 7.54 (d, J=7.2 Hz, 1), 7.31-7.39 (m, 2H), 7.23-7.25 (m, 3H), 7.16-7.18 (m, 2H), 6.73
(d, J= 1.6 Hz, 1), 6.35 (d, J = 1.6 Hz, 1), 3.88 (s, 3H) 3.72 (s, 30); C NMR (100 MHz, CDCl) &
159.2, 157.3, 154.9, 141.5, 134.7, 132.1, 131.5, 130.9, 128.3, 128.1, 127.7, 127.1, 123.6, 123.3,
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120.4, 110.9, 94.8, 92.0, 89.6, 88.4, 55.9, 55.6; HRMS (ESI-QTOF) m/z [M+H]+ calcd for CuHi0s
355.1329, found 355.1328.

3-(2-((3-BFL 2 D) N D) )4, 6-Thol ASAEF G (45,139 G4

DMF (1 mL)¥ {5} (50 mg, 0.13 mmol) ©] E°J& Hlo]del 1-9Ed-3-FFe =4 (16.5 pL, 0.14
mmol), (PhsP),PdCl, (9 mg, 0.013 mmol), Cul (2.5 mg, 0.013 mmol), ¥ DIPEA (0.5 mL)ZS H7}3}it}t. 80 C

oA 12 AIZF e wwk g & g EFES =2 SAA7]AL EtOAc (10 nL X 3)® FF Svh. T/
7155 = (10 mL x 2) B ¢4 (10 mL) = A HSEaL, = NgSOstell Al A=A vhs S shell $F5AA =
BAES ATk A oA FHA] AZvE1# 9 (hexane:EtOAc, 49:1)2 At A4 HOo R A
45,13} AT} (34 mg, 69 %); H NMR (400 Mz, CDCls) & 7.60-7.63 (m, 2H), 7.53 (d, J = 7.2 Hz, 1H),
7.32-7.40 (m, 2H), 7.15-7.21 (m, 1H), 6.91-6.96 (m, 2H), 6.77 (d, J = 9.6 Hz, 1H), 6.73 (s, 1H), 6.34
(s, 1), 3.88 (s, 3H), 3.71 (s, 3H); C NMR (100 MHz, CDCly) & 162.4 (d, J = 244.7 Hz), 159.3, 157.3,

154.9, 141.3, 135.0, 132.1, 130.8, 129.8 (d, J = 8.8 Hz), 128.1, 127.2 (d, J = 3.1 Hz), 127.2, 125.4
(d, J =9.8 Hz), 122.9, 120.4, 118.2 (d, J = 22.3 Hz), 115.4 (d, J = 21.2 Hz), 110.9, 94.9, 90.8,

90.5, 88.5, 55.9, 55.6; HRMS (ESI-QTOF) m/z [M+H]+ calcd for CuHsFO5 373.1234, found 373.1237.

4,6-tho| v HA|-3-(2-(F g Q) Q) EFF-7T-7tE & gto| = (46, 1})

OMe «
N
MeO O ; O

CHO

o] Fet=2 3-(2-oto] L xH )4, 6-thol W] H A 25 T-7-7kH &rv|ste] = (1{6}) (50 mg, 0.12 mmol), #do}
Agd (14.3 plL, 0.13 mmol), (PhsP),PdCl, (8.4 mg, 0.012 mmol), ¥ Cul (2.3 mg, 0.012 mmol)Z /\]-%0}04

45,1317 B3k o= AT, FA 1A (29.3 mg, 62%), mp: 175.4-177.8 C; 'H NMR (400 MHz,
(DCly) & 10.51 (s, 1H), 7.77 (s, 1), 7.60-7.65 (m, 1H), 7.44-7.48 (m, 1H), 7.32-7.38 (m, 2H), 7.20-

7.24 (m, 3H). 7.10-7.14 (m, 2H), 6.29 (s, 1H), 3.98 (s, 3H), 3.81 (s, 3H); C NMR (100 MHz. CDCly) &
186.5, 163.3, 160.4, 155.6, 142.8, 133.9, 132.2, 131.4, 130.7, 128.3, 128.2, 127.8, 127.5, 123.6,
123.3, 119.9, 111.9, 106.4, 92.3, 89.9, 89.1, 56.9, 55.9: HRMS (ESI-QTOF) m/z [MtNal caled for
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CosHisNaO; 405.1097, found 405.1096.

4,6-TFol IS A -3-(2~((4-A BN A D) B ) o Q) M= FE-7-Ft R S so| = (46,2))

o] 3}FEL 3-(2-oto|mHd)-4, 6-tho| v HEA M ZFA-7-7tH A 5o = (1{6}) (50 mg, 0.12 mmol), 1-°i
Ed-4-HEA A (17 pL, 0.13 mmol), (PhsP)oPdCl, (8.4 mg, 0.012 mmol), & Cul (2.3 mg, 0.012 mmol)Z

AREEte] 4{5, 1303 T4 HeR Sk, A 1A, (32.8 mg, 65%), mp: 185.2{186.9 T; H NIR
(400 MHz, CDCl;) & 10.51 (s, 1H), 7.77 (s, 1H), 7.59 (s, 1H), 7.44 (s, 1H), 7.34 (s, 2H), 7.06 (d, J

13
= 8.2 Hz, 2H), 6.75 (d, J = 8.2 Hz, 2H), 6.30 (s, 1H), 3.99 (s, 3H), 3.82 (s, 3H), 3.78 (s, 3H);
NMR (100 MHz, CDCl;) & 186.4, 163.2, 160.3, 159.4, 142.7, 133.4, 132.7, 131.7, 130.5, 127.34, 127.28,

123.8, 119.8, 115.3, 113.8, 111.9, 106.2, 95.5, 92.2, 89.8, 87.6, 56.7. 55.7. 55.2; HRMS (ESI-QTOF)
n/z [WMNal' caled for CullNaOs 435.1203, found 435.1201.

3-(2-(Ao] e A-3-AEd)H L) UYZE[1,2-b]F=.

Et:N (2 mL) T2 3-(2-olo] L= )YZE[1,2-p]F & (50 mg, 0.14 mmol) o2 |7 uHjo] Lol 3-o E] d#}o]
% (27 ul, 0.27 mmol), (PhsP),PdCl, (9.5 mg, 0.014 mmol), & Cul (2.6 mg, 0.014 mmol)E 7}l T},
80 TolA 12 Azt <k wksk & WS TIES FA FFAA 2 AAES IAuk. AgatAa AN =
YAl ZZetE 2T (hexane:EtOAc, 100:1D) 2 FAste] st U2 A 3-(2-(Ho]3-3-La el d)dd) =
E[1,2-b]F &S AATt (43 mg, 91%).

1H NMR (400 MHz, acetone-ds) 68.35-8.33 (m, 2H), 8.05 (d, J = 8.4 Hz, 1H), 7.85-7.79 (m, 2H), 7.72 (t,
J=7.0 Hz, 2H), 7.69-7.65 (m, 1H), 7.58-7.53 (m, 2H), 7.48 (d, J = 7.6 Hz, 1H), 7.45-7.44 (m, 1H),
7.41-7.39 (m, 1), 6.91 (d, J = 4.8 Hz, 1H): C NMR (100 Mz, acetone-ds) & 158.6, 156.4, 142.5,

133.9, 133.2, 131.8, 131.1, 130.6, 130.2, 129.9, 129.9, 129.0, 128.5, 127.8, 127.8, 127.2, 127.2,
127.1, 126.5, 122.9, 122.7, 122.5, 121.1, 120.9, 120.4, 119.4, 112.2, 95.9, 93.4, 91.1, 55.2; HRMS

(ESI-QTOF) m/z [M+H]+ calcd for Cypulis0S 351.0838, found 351.0839.
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1-(2-(Ao] 23-3-LEl ) I U= E[2,1-p] F .

Et:N (2 mL) 5] 1-(2-o}o] e v )2 E[1,2-p] 575 (20 mg, 0.05 mmol) 2= )% wlo] el 3-of E] d4jo]
23 (9 ul, 0.08 mmol), (PhsP),PdCl, (3.8 mg, 5.4 pmol), = Cul (1.0 mg, 5.4 umol)E 7} t}. 80
TollA 12 A7 F3F aRkek & wbg EFES oA TFAA 2 AHES AU, Az dedA &4
Al ARvE2Y] (hexane:EtOAc, 100:1)= HAlste] FHE QdmA 1-(2-(Ho] -3-Uo B ) Hd )2 E
[1,2-b]l5Fehs LA} (18 mg, 100%).

N

A Y 'H MR (400 MHz, CDCls) 67.95 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.4 Hz, 1H), 7.81-7.79 (m,
2H), 7.75-7.72 (m, 2H), 7.61-7.59 (m, 1H), 7.51-7.47 (m, 2H), 7.44 (t, J = 7.4 Hz, 1H), 7.37 (t, J =
7.6 Hz, 1H), 7.02-7.00 (m, 1H), 6.65-6.64 (m, 1H), 6.37-6.35 (m, 1H); 13C NMR (100 MHz, CDCl;) &152.9,
142.4, 135.5, 132.0, 130.7, 129.2, 128.6, 128.5, 128.3, 128.2, 128.0, 125.9, 125.7, 124.8, 124.4,
124.3, 123.9, 122.7, 121.8, 121.4, 1126, 88.6, 88.1; HRMS (ESI-QTOF) m/z [M+H]+ calcd for Cyullis0S
351.0838, found 351.0839.

1-2-((6-mSAZEA-2-L) A Bl D) DHUZE[2, 1] F&

OMe

EtaN (2 mL) 9 1-(2-ofo] L= d)UYZE[1,2-p]F& (14 mg, 0.04 mmol) o2 A3 wfo]de] 2-o]Ej -
6-HEA Y ZEd (16 mg, 0.09 mmol), (PhsP),PdCl, (5.3 mg, 7.6 umol), 2 Cul (1.5 mg, 7.6 pmol)E 7}

3G, 80 TolA 12 AZF B<eF nHkel & dbke E31E-S AFolM FFHA|A Z A E(crude product)S &
Gk, AFIHA oA Z A ﬂiu}EZwﬂM (hexane:EtOAc, 100: 1)11 ﬂxﬂo}o# A oz A 1-(2-((6-H=
Ay ekgl-2-a) o el d) A ) ZE (2, 1-h]FS AU (15 mg, 93%).

4 oY, 'H NMR (400 MHz, acetone-ds) 68.03-8.02 (m, 2H), 7.94 (d, J = 8.8 Hz, 1H), 7.87 (d, J = 8.4

Hz, 1H), 7.83 (d, J = 8.4 Hz, 1H), 7.78-7.76 (m, 1H), 7.67-7.65 (m, 1H), 7.60-7.57 (m, 2H), 7.46 (d, J
= 8.4 Hz, 2H), 7.42 (t, J=17.2 Hz, 1), 7.36 (d, J=7.2 Hz, 1H), 7.12 (s, 1H), 7.06 (d, J = 8.4 Hz,

M), 6.85 (s, 1H), 6.63 (d. J = 9.2 Hz, 1H), 3.83 (s, 3H); C NMR (100 MHz. acetone-ds;) & 142.8,
142.5. 134.1, 131.8, 131.5, 130.7, 130.5, 130.4, 129.0, 128.7, 128.6, 128.4, 128.1, 127.8, 127.5,
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126.6, 126.3, 125.9, 125.6, 124.5, 123.6, 123.3, 119.3, 118.9, 112.5, 112.2, 105.7, 105.4, 54.7; HRMS
(ESI-QTOF) m/z [M+H]+ caled for CyHsn0; 425.1536, found 425.1538.

6-#l'd-3-(2-(o) LH-3-doEd)d ) NxF.

Et:N (2 mL) Z9] 3-(2-oto] v d)-6-ddilz=F (30 mg, 0.08 mmol) o2 APz ufo] ol 3-o €] dHo] &
(9 pL, 0.09 mmol), (PhsP),PdCl, (5.3 mg, 7.6 pmol), 2 Cul (1.5 mg, 7.6 pmol)E H7}5FScl. 80 C
oAl 12 AIZE Bt wkgk & REE ERES A wHFAA 2 AGES 4t A A EA
ARvtE2Y Y] (hexane:EtOAc, 100:1)= AAlste] A @ ARA 6-31d-3-(2-(Reot . 3-3-L el d) 3 d )l =
FHE AAY (28 mg, 100%).

Brown oil; H NMR (400 Miz, CDCly) 68.07(s, 1H), 7.83-7.81 (m, 2H), 7.72-7.68 (m, 3H), 7.65 (d, J =
7.6 Hz, 1H), 7.58-7.55 (m, 1), 7.51-7.46 (m, 3H), 7.41-7.37 (m, 2H), 7.27-7.27 (m, 1H), 7.23-7.21 (m,
1), 6.95-6.94 (m, 1H); C NMR (100 MHz, CDCly) 6155.9, 143.9, 141.2, 138.1, 133.6, 132.9, 129.5,
129.4, 128.9, 128.5, 128.5, 127.4, 127.4, 127.2, 126.2, 125.3, 122.4, 122.2, 122.2, 121.2, 120.5,
110.1, 88.7, 88.4; HRMS (ESI-QTOF) m/z [MI] caled for Coll,0S 377.0995, found 377.0996.

6-H S A -3-(2-(HAFEA-9-L e ) dd)l=F&.

(2
N
AT

()
(2
\J

EtsN (2 mL) £¢ 3-(2-o}o] o =Hd)-6-HEA W ZFHZ (30 mg, 0.08 mmol) &2 YA uHlo] el 9-of E] d |\t

E#(17.6 mg, 0.09 mmol), (PhsP),PdCl, (5.3 mg, 7.6 umol), & Cul (1.5 mg, 7.6 pmol)= H7}sFF . 80
CTolA 12 AZF &<k uwkgk § 9hg EFES WA sHAA = Ad=S A3tk A olA &8
Al AZvtE Y] (hexane:EtOAc, 100:1)2 AAlste] A Q2 UAZA 6-vEA-3-(2-HIEAM-9-U E] )7
DlEFES AT (12 mg, 35%).

Brown oil; 1H NMR (400 MHz, acetone-ds) 68.77 (t, J = 8.0 Hz, 2H), 8.15 (s, 1H), 7.94-7.87 (m, 3H),
7.83 (s, 1), 7.71-7.66 (m, 3H), 7.63 (d, J = 4.4 Hz, 1H), 7.60 (s, 1H), 7.57-7.49 (m, 3H). 7.29 (s,
M), 6.92 (d, J = 8.8 Hz, 1H), 3.88 (s, 3H): C NMMR (100 MHz, acetone-ds) & 150.6, 142.9, 133.6,
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132.9, 131.6, 129.9, 129.3, 128.8, 128.8, 128.4, 127.6, 126.6, 125.9, 125.5, 123.4, 122.6, 122.3,
121.9, 121.9, 121.4, 119.6, 119.5, 83.3; HRMS (ESI-QTOF) m/z [M+H]+ calcd for CsHz 0, 425.1536, found
425.1535.

6-m1 541 -3-(2-(4-T H A -2- Do D) o Bl ) A= F

(2
\\ Me
MeO O O\ O

OMe

EtsN (2 ml) §9 3-(2-olole=wd)-6-HEAMIZF (30 mg, 0.08 mmol) .2 YR uwlo]del] 1-oE]L-
4-v| EA|-2-w & dllAl (13 mg , 0.09 mmol), (PhsP),PdCl, (5.3 mg, 7.6 pmol), 2 Cul (1.5 mg, 7.6 pmol)=
A7rakgdvl. 80 TellA 12 Az &<t aghgh & 9h3 £35S JFA sF5AA = A4S IAvh. At
A gl ZefAl ARv eI (hexane:EtOAc, 100:1)% gAlate] 4 © ARA 6~ FA]-3-(2-((4-HFA] -
-mgsH D)ol gl d)EzFaE AUt (12 mg, 41%).

N

'H NMR (400 MHz, CDCls) 67.95 (s, 1H), 7.68 (d, J = 7.6 Hz, 1H), 7.58 (d, J = 8.4 Hz, 2H), 7.41 (t, J
= 7.4 Hz, 1), 7.35 (t, J=5.6Hz, 1), 7.19 (d, J = 8.4 Hz, 1H), 7.09 (d, J = 1.6 Hz, 1H), 6.92-6.89

(m, 1), 6.69 (s, 1H), 6.66-6.63 (m, 1H), 3.88 (s, 3H), 3.78 (s, 3H), 2.20 (s, 3H); C NMR (100 Mz,
CDCly) 6 159.5, 158.0, 156.1, 142.4, 141.9. 133.3, 133.2, 133.0, 129.4, 128.0, 127.2, 122.9, 121.1,

120.6, 120.4, 115.2, 114.9, 111.8, 111.2, 95.9, 92.0, 91.5, 55.8, 55.2, 20.6; HRMS (ESI-QTOF) m/z
[M+H]+ calcd for CysHy 03 369.1485, found 369.1480.

3-(2-([1,1'-sho] s 2 -4~ E) D)l ) -6-T| S A = F &

Et:N (2 ml) F9 3-(2-¢}e]o=dd)-6-HEAMZF2 (30 mg, 0.08 mmol) 2.2 A3 Hjo]do] 4-Eld-
1,1'-ufel=ld (21 mg , 0.12 mmol), (PhsP),PdCl, (5.3 mg, 7.6 pmol), ¥ Cul (1.5 mg, 7.6 nmol)E FH7}s}
Atk 80 TollA 12 AFF &t uwkgh & kg E9ha3 {]%Oﬂ SEANA = AEES A *‘13]7}7“ &
ol EA AZrE2 T (hexane:EtOAc, 100:1) A o AdZA 3-(2-([1,1'-npo] ) d ]-4- o)
) dd)-6-ml SA =S AU (21 mg, 58%).

il
o
2,
_OL
£
=
)
J

'H NMR (400 MHz, CDCl3) 67.99 (s, 1H), 7.71 (d, J = 7.6 Hz, 1H), 7.63 (t, J = 7.6 Hz, 2H), 7.58 (d, J

= 8.4 Hz, 2H), 7.52 (d, J=8.0 Hz, 21), 7.44 (t, J= 7.4 Hz, 3H), 7.39 (m, 4H), 7.12 (d, J = 2.0 Hz,
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1H), 6.95-6.93 (m, 1H), 3.89 (s, 3H); 13C NMR (100 MHz, CDCl;) & 158.0, 156.2, 142.6, 140.9, 140.3,
133.9, 133.2, 131.8, 129.3, 128.8, 128.5, 127.6, 127.2, 126.9, 126.9, 122.1, 122.0, 121.2, 120.4,

120.3, 111.9, 96.0, 92.9,° 89.9, 55.8; HRMS (ESI-QTOF) m/z [M+H]+ calcd for Cgl 0, 401.1536 , found
401.1531.

3-(2-(I1,1'-vlo] sl D ]-4-LAE )3 D) -5, 6-To| Fl SA 2 F &

EtaN (2 mL) 59] 3-(2-¢ofo]l 2 =dd)-5,6-tho| Wl S A Ml 2 (30 mg, 0.08 mmol) o 71 npo]te] 4-of E]
d-1,1'-v}lo]Hd (21 mg, 0.12 mmol), (PhsP).PdCl, (5.3 mg, 7.6 umol), % Cul (1.5 mg, 7.6 pmol)ZS 7}
aFTh. 80 TellA 12 AR soF wykgk & 9hg FES FolA FHFAA = ALES AT A=A
Ao A ZP A ARutE 1T (hexane:EtOAc, 100:1)2 AAste] T 2d=ZA] 3-(2-([1,1'-vlolHd ]-4-<
el d)#d)-5,6-thol Ml HA M = F TS AATE (22 mg, 65%).

1H NMR (400 MHz, CDCls3) &§7.93 (s, 1H), 7.73 (d, J = 7.2 Hz, 1H), 7.58-7.56 (m, 4H), 7.51 (d, J = 7.6
Hz, 2H), 7.45 (d, J = 7.2 Hz, 2H), 7.37 (t, J = 7.4 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.20 (s, 1H),
7.15 (s, 1H), 3.98 (s, 3H), 3.85 (s, 3H); 13C NMR (100 MHz, CDCls) & 149.9, 148.0, 146.5, 142.4,
140.9, 140.2, 134.1, 133.2, 132.9, 131.7, 129.4, 128.8, 128.6, 127.6, 127.3, 126.9, 122.2, 121.9,
120.8, 118.9, 102.5, 95.4, 93.0, 89.9, 56.4, 56.3; HRMS (ESI-QTOF) m/z [M+H]+ caled for CgoHas05
431.1642, found 431.1649.

5,6-Chol M| S A]-3-(2- (A FER-9-Y A E ) A ) =F.

Et:N (2 mL) 59 3-(2-ofo] 2 &=vd)-5,6-tfo]ml EA M2 (30 mg, 0.08 mmol) o2 A% nlo] ol 9-of €]
dHdES (24 mg, 0.12 mmol), (PhsP),PdCl, (5.3 mg, 7.6 umol), % Cul (1.5 mg, 7.6 umol)Z

TEAA £ APYES Ao At

A7Vsek. 80 CollA 12 A7k B¢F wuke 3 uke EFES 3o A
sto] 4 ed=A 5,6-to] 5 A]-3-(2- (5]

A A EHA AZeE T (hexane.EtOAc, 100: D2 A A
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HER--dolEd) A )iz F S A (23 ng, 66%).
Bright oil, 'H NMR (400 Miz, CDCl,) 68.62 (s, 2), 7.98-7.96 (m, 2H), 7.88 (s, 1H), 7.78 (s, 2H),

7.65-7.60 (m, 4H), 7.53-7.47 (m, 3H), 7.22-7.18 (m, 2H), 3.98 (s, 3H), 3.79 (s, 3H); C NMR (100 Miz,
CDCly) & 149.9, 148.2, 146.7, 142.3. 134.1, 133.3, 131.8, 131.1, 130.8, 130.2, 129.9, 129.7, 128.7,

128.5, 127.5, 127.4, 126.9, 126.9, 126.7, 122.6, 122.5, 121.1, 119.5, 119.2, 102.5, 95.5, 93.5, 91.6,
56.4, 56.3; HRMS (ESI-QTOF) m/z [M+H]+ caled for Caolys0s 455.1642, found 455.1643.

31514 29] 5§E9| {A

st 19 SHgEI B84 39 BB WIAA S 49 HFES D3, A B4 49 FPREIE
o 29 BB AT,

[9H&-2] 1]
=Fr3 TFA/DCE
! o o > N
S sat. PhaP)PAClh S, N 80 °C s
|// = cat. Cul, Eta“ |// o R //
G - 80 °C G - G
1 4
E 12 g 19 B4 Fa) QA W ogd 6-AgE JEE(2, blaxFde] FYlE ek ol
F 1
g 6-X3d YT E[2,1-b]HEFTe] §A
AAd |1 &7}l 4 2
T ko]
&)
1 {1} 31 4{1,1} 6NP-1
(85) 2{1,1)
O (93)
MeO ‘ o O
2 {1} 32 4{1,2} 6NP-2

(85) 2{1,2}

g (83)
MeO O o Q

OMe

3 141} 3{3} 4{1,3} 6NP-3
(83) O 2{1,3
O (90)
MeO o O OMe
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4 11y 3{4} 4{1,4} 6NP-4
(90) O 21,4}
O (78)
MeO I & O
Me
5 1{1} 3{5} 4{1,5} 6NP-5
(91) O 21,5}
O (86)
MeO I o O Me
6 11y 3{6} 41,6} 6NP-8
(78) 0 2{1,6}
O (76)
er e
OMe
7 1 3{7} 41,7} 6NP-6
(80) O 11,7}
O (74)
T Y
Cl
8 11y 3{8} 4{1,8} 6NP-7
(83) O 2{1,8}
O (63)
MeO l 9] -
S
- 1{1} 3{9} 4{1,9} trace 2{1,9}
(98)
9 142 3{1} 42,1} 6NP-14
(92) O 2{2, 1)}
O O (77)
e,
10 |12 3{7} 42,7} 6NP-15
(66) O 262, 7}
O O (89)
S
Cl
11 |143} 3{ 10} 443, 10} 6NP-16
(62) O 2{3, 10}
O O (95)

O,
o]
=
®

MeO
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12 1{3} 3{4} 443, 4} 6NP-17
(79) 2{3, 4

(88)
13 1{4} 3(3} 444, 3} 6NP-12
(81) 2{4,3}

(92)
14 1{4} 3{11} 444,11} 6NP-11
(93) 2{4, 11}

(78)
15 1{4} 3{12} 444,12} 6NP-13
(81) 2{4, 12}

(86)

16 1{5} 3{1} 445, 1) 6NP-9
(94) 2{5, 1}

(84)
17 1{5} 3{13) 445,13} 6NP-10
(69) 2(5,13}

(65)
18 1{6} 3{1} 446, 1) 6NP-18
(62) 2{(6, 1}

(77)
19 1{6} 32 4{6,2} 6NP-19
(65) 2(6,2)

(76)

[0290] olgtoll = & 1 ol @A 38 29| FFEE] FAXA FAH ARE A
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0T EA-6-AGUZE [2, 1B MEFS (2(1,1)9] T4

vlo]let = DCE (2.0 mL) 2 TFA (1.0 mL)9 =35 =9 4{1,1} (25 ng, 0.08 mmol)2] &M& 80 CollA 30 ¥

Hk slth, Aeow YA F ) ouke RS Aol HFAA 2 ANES F5FaL, o2 A
7HA Ao ZejA] T EZrE 1Y (hexanes:EtOAc, 49:1)& Xéﬂ]c)}o% A Al 2{1,1}& 4AY, (23.2
mg, 93 %): mp: 93.7-95.2 C; 'H MMR (400 MHz, CDCly) & 8.58 (d, J = 8.4 Hz, 1H), 8.29 (d, J = 8.4 Hz,

1H), 8.05 (d, J = 8.0 Hz, 1H), 7.99 (d, J = 8.0 Hz, 2H), 7.95 (s, 1H), 7.69 (t, J = 6.8 Hz, 1H), 7.53-
7.61 (m, 3H), 7.48 (t, J=17.6 Hz, 1H), 7.25 (d, J = 2.0 Hz, 1H), 7.10 (dd, J = 2.0, 8.8 Hz, 1H), 3.93

(s, 30); 13C NMR (100 MHz, CDCl;) & 159.2, 157.4, 152.1, 136.7, 131.0, 129.4, 129.2, 128.8, 128.2,

128.1, 126.9, 126.9. 126.2, 124.8, 123.4, 122.4. 118.4, 118.4, 112.0. 96.8. 55.9; HRMS (ESI-QTOF) m/z
[M+H]" caled for CoHyOy 325.1223, found 325.1226.

O-HEA 6-(4-HEXNH DI ZE[2, I-p]ANZFS (2(1,2})

OMe

o] &S 4{1,2) (25 mg, 0.07 mmol)E AE3te] 2(71, )3 L3 WPew FAsAch. 34 aAl, (22
mg, 88%); mp: 148.2{150.4 C: 'H NMR (400 MHz, CDCly) & 8.57 (d, J = 8.4 Hz, 1H), 8.28 (d, J = 8.8 Hz,
), 8.03 (d, J=8.0 Hz, W), 7.94 (d, J = 8.8 Hz, 2), 7.90 (s, M), 7.67 (t, J = 6.8 Hz, 11), 7.54
(t, J=7.2Hz, 1), 7.24 (d, J = 1.6 Hz, 1), 7.08-7.13 (m, 3i), 3.92 (s, 6); C NMR (100 Miz,
CDCly) & 159.7, 159.1, 157.3, 152.2, 131.1, 130.3, 129.2, 120.1, 127.9, 126.6, 126.5, 125.6, 124.8,

123.4, 122.3, 118.4, 118.3, 114.3, 111.9, 96.8, 55.9, 55.5; HRMS (ESI-QTOF) m/z [M+H]+ calced for
CaaHi905 355.1329, found 355.1329.
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[0305]
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-HIEA-6-(3-HEAH L)Y ZE[2, 1-p]N=F& (2{1,3})

MeO O O OMe

o] SIEL 4{1,3 (25 mg, 0.07 mmol)S AM&3NA 2{1,1}7 Fdst wHo=z Iy, A A (22.3

mg, 90%); 'H NMR (400 MHz, CDCl;) & 8.58 (d, J = 8.4 Hz, 1H), 8.28 (d, J = 8.4 Hz, 1), 8.04 (d, J =

8.0 Hz, 1H), 7.96 (s, 1H), 7.69 (t, J = 7.2 Hz, 1H), 7.48-7.58 (m, 4H), 7.25 (d, J = 1.6 Hz, 1H), 7.09

(dd, J = 1.6, 8.8 Hz, 1), 7.03 (d, J = 7.2 Hz. 1), 3.95 (s, 3H), 3.93 (s, 3H); "C NMR (100 Miz,
CDCly) & 159.9, 159.2, 157.4, 152.0, 138.0, 130.9, 129.8, 129.4, 128.2, 126.9, 126.7, 126.2, 124.8,

123.4, 122.3, 121.7, 118.5, 118.3, 115.0, 113.5, 112.0, 96.8, 55.9, 55.6; HRMS (ESI-QTOF) m/z [M+H]+
caled for CoHig03 355.1329, found 355.1327.

-t EN-6-(p-EF)IZE[2,1-p)NEFSH (2{1,4})

Me

s

14

ol

o ShFEE 41,4} (25 mg, 0.07 mol)E AHEMA 201, )3 $AF oz Pt exstelE 1A,
(19.5 mg, 78%); mp: 155.2(157.4 T; 'H MIR (400 MHz, CDCl)) 68.58 (d, J = 8.4 Hz, 1), 8.29 (d, J =

8.4 Hz, 1H), 8.04 (d, J = 8.4 Hz, 1H), 7.93 (s, 1H), 7.88 (d, J = 8.0 Hz, 2H), 7.68 (t, J = 6.8 Hz,
1), 7.54 (t, J= 8.0 Hz, 1H), 7.39 (d, J = 8.0 Hz, 2H), 7.23-7.25 (m, 1H), 7.10 (d, J = 8.8 Hz, 1H),

3.93 (s, 3H), 2.48 (s, 3H); 13C NMR (100 MHz, CDCls) 6159.2, 157.4, 152.2, 138.0, 133.7, 131.0, 129.6,
129.3, 129.1, 128.0, 126.9, 126.8, 125.9, 124.8, 123.4, 122.3, 118.4, 118.4, 111.9, 96.8, 55.9, 21.5;
HRMS (ESI-QTOF) m/z [M+H]+ caled for CouHig0:; 339.1380, found 339.1378.
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O-HIEA-6-(r-EF )T E[2, 1-p] NZFF (2{1,5})

o] F3FEE& 4{71,5 (25 mg, 0.07 mmol)Z AF&3te] 2{1, ¥ & Wi o=m HAsYTt. A 214 (21.4 mg,
86%); mp: 133.3-134.8 T; 1H NMR (400 MHz, CDCls) & 8.58 (d, J = 8.4 Hz, 1H), 8.28 (d, J = 8.4 Hz,

1), 8.05 (d, J = 8.4 Hz, 1H), 7.94 (s, 1H), 7.78-7.80 (m, 2H), 7.69 (t, J = 7.2 Hz, 1H), 7.55 (t, J =
7.6 Hz, 1), 7.48 (d, J=7.6 Hz, 1H), 7.31 (d, J = 7.6 Hz, 1H), 7.25-7.26 (m, 1H), 7.10 (dd, J = 2.4,

8.8 Hz, 1), 3.93 (s, 3H), 2.53 (s, 3H); C NMR (100 MHz, CDCls) & 159.2, 157.4, 152.2, 138.4, 136.6,
130.9. 129.8. 129.3, 128.9. 128.7. 128.1, 127.1. 126.8, 126.4. 126.2. 124.8, 123.4, 122.3. 118.4,
111.9, 96.8, 55.9, 21.8: HRMS (ESI-QTOF) m/z [MHH]" caled for Cofli0s 339.1380, found 339.1381.

- EA-6-(6-HZAIUYZEA-2-Y)UZ E[2, 1] ANZF (2{1,6})

MeO

o] 33HE2 4{1,6) (25 mg, 0.06 mmol)& AM&ste] 2{1, ¥ L3 WyPoz AT, A 1A, (19
mg, 76%); mp: 224.4-226.2 C; H NMR (400 MHz, CDCly) & 8.60 (d, J = 8.0
(d, J=8.8 Hz, 1), 8.05-8.08 (m, 31), 7.92 (t, J = 8.8 Hz, 2H), 7.70 (t, J = 7.6 Hz, 1H), 7.56 (t, J
= 7.6 Hz, 1), 7.22-7.28 (m, 3H), 7.11 (dd, J = 2.0, 8.8 Hz, 1), 3.99 (s, 3H), 3.94 (s, 3H); C NMR
(100 MHz, CDCl;) & 159.2, 158.2, 157.4, 152.3, 134.4, 131.9, 131.1, 130.1, 129.3, 129.2, 128.1,
128.1, 127.6, 127.2, 126.9, 126.8, 126.3, 124.8, 123.4, 122.4, 119.3, 118.5, 118.4, 112.0, 105.8,

96.8, 55.9, 55.5; HRMS (ESI-QTOF) m/z [M+H]+ calcd for CusHz 05 405.1485, found 405.1490.
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[0318]
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[0321]
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6-(4-222HL)-9-HEAYZE[2, 1-p]AZFE (2{1,7})

MeO O O

Cl
o] 3B 4{1,7} (25 mg, 0.07 mmol)S AM&&te] 2{1, 1}3 7o whHog At A4 1A, (18.6
mg, 74%); mp: 193.2{195.4 C; 'H NMR (400 Mz, CDCly) & 8.56 (d, J = 8.0 Hz, 1), 8.26 (d, J = 8.4 Hz,

1), 8.03 (d, J = 8.4 Hz, 1H), 7.90-7.93 (m, 3H), 7.70 (t, J = 7.6 Hz, 1H), 7.52-7.56 (m, 3I), 7.22
(d, J=2.0 Hz, 1), 7.09 (dd, J = 2.0, 8.8 Hz, 1H), 3.93 (s, 3); C NMR (100 MHz, CDCl;) & 159.3,
157.3, 151.8, 135.1, 134.1, 130.9, 130.4, 129.4, 129.0, 128.2, 127.1, 126.0, 125.6, 124.9, 123.4,
122.4, 118.6, 118.2, 112.1, 96.8, 55.9; HRMS (ESI-QTOF) m/z [M+H]  calcd for CuHiC10, 359.0833, found
359.0835

- EA-6-(Ao] QHA-3-A)UYZE[2,1-p]AZFF (2{1,8})

il

o] SIEL 4{1,8 (25 mg, 0.08 mmol)S AMg3}e] 2{1, 1}7 L wWHo= FAsgrl. M 1A, (15.8
mg, 63%); mp: 177.4-178.6 C; H NMR (400 MHz, CDCl,) & 8.55 (d, J = 8.0 Hz, 1H), 8.28 (d, J = 8.8 Hz,

1H), 8.19-8.20 (m, 1H), 8.06 (s, 1H), 8.03 (d, J = 8.0 Hz, 1H), 7.83 (d, J = 5.2 Hz, 1H), 7.67 (¢, J =
7.2 Hz, 1H), 7.51-7.56 (m, 2H), 7.28 (d, J = 2.0 Hz, 1H), 7.10 (dd, J = 2.0, 8.4 Hz, 1H), 3.95 (s,

3H). 13C NMR (100 MHz, CDCly) & 159.2, 157.3, 151.8, 136.8, 130.9, 129.3, 127.9, 127.5, 126.8, 125.8,

124.9, 124.7, 124.1, 123.4, 122.4, 121.4, 118.5, 118.3, 112.1, 96.8, 55.9; HRMS (ESI-QTOF) m/z [M+H]+
caled for CuHis0.S 331.0787, found 331.0791.
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[0324]

[0325]
[0326]

[0328]

[0329]
[0330]

[0332]

[0333]
[0334]
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6-HEUYZE[2, 1-p|AEFE (2{2,1})

e,
o] FIAEL 4{2 1} (25 mg, 0.08 mmol)S AM&sle] 2{1,1}3 & WHo=m A, eaA 1i,
(19.3 mg, 77%); mp: 130.2{132.4 C: H NMR (400 MHz, CDCly) & 8.66 (d, J = 8.4 Hz, 1H), 8.44-8.46 (m,

1H), 8.07 (d, J = 8.0 Hz, 1H), 8.00-8.04 (m, 3H), 7.71-7.75 (m, 2H), 7.56-7.62 (m, 3H), 7.48-7.54 (m,
30 lSC NMR (100 MHz, CDClsz) & 155.9, 152.3, 136.5, 130.9, 129.5, 129.2, 128.9, 128.6, 128.2, 127.7,

127.2, 127.0, 126.1, 125.1, 124.9, 123.4, 123.4, 122.1, 118.2, 112.2; HRMS (ESI-QTOF) m/z [M-I-H]+ calced
for C22H15O 2951117, found 295.1119.

6-(4-F22HY)UZE[2,1-p]NZFZ (2{2, 7))

- Q

Cl

o] 3FE2 4{2,7 (25 mg, 0.08 mmol)E AR&ste] 2{1, ¥ 2 WHo=m FAsigltt. e#AxA 1A,
(22.3 mg, 89%); mp: 177.4-178.8 C: 'H NMR (400 MHz, CDCly) & 8.65 (d, J = 8.4 Hz, 1H), 8.44-8.46 (m,

1H), 8.06 (d, J = 8.4 Hz, 1H), 8.00 (s, 1H), 7.94 (d, J = 8.4 Hz, 2H), 7.71-7.76 (m, 2H), 7.48-7.60
(m, 5H); “C MR (100 MHz, CDCl3) & 155.9, 134.9, 134.2, 131.4, 130.9, 130.4, 129.5, 129.1, 128.7,
127.5, 127.4, 126.3, 125.8, 125.1, 125.0, 123.5, 123.4, 122.2, 118.3, 112.2; HRMS (ESI-QIOF) m/z
[M+H]+ calced for CpHuClO 329.0728, found 329.0732.

10-(tert-H2)-6-(3,5-tholHIBAH D)UY Z E[2, 1-p]MNZF& (2{3,10})
T Do

MeO

o] 3gt=2 443,10} (25 mg, 0.06 mmol)E ARE-ate] 2{1, I}3} 22 oz FAssiny. 4 2, (23.7 ng,
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[0336]

[0337]
[0338]

[0340]

[0341]
[0342]
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95%); H NMR (400 MHz, CDCly) & 8.68 (d, J = 8.4 Hz, 1H), 8.44 (s, 1H), 8.07 (d, J = 8.0 Hz, 1H), 8.01
(s, ), 7.75 (t, J = 8.0 Hz, 1H), 7.64-7.66 (m, 1H), 7.56-7.59 (m, 2H), 7.11-7.15 (m, 2H), 6.60 (s,
1), 3.90 (s, 6H), 1.53 (s, 9H); C NMR (100 MHz, CDCly) & 161.1, 154.2, 152.5, 146.4, 138.6, 130.8,
129.5, 128.7, 127.4, 127.2, 126.9, 124.8, 124.8, 124.1, 123.4, 118.3, 111.5, 107.5, 100.3, 55.7, 35.2,
32.2; HRMS (ESI-QTOF) m/z [MNal' caled for ColliNaOs 433.1774, found 433.1780.

10-(tert-HE)-6-(p-ED)UHZE[2,1-p|ME=F& (2{3.4})

- Q

Me

o] 3lgtES 4{3,4} (25 mg, 0.07 mmol)E Ah&3te] 2{1, 3} #& oz AR, FA 1A, (22 mg,
88%); mp: 142.0-144.8 TC; 1H NMR (400 MHz, CDCls) & 8.68 (d, J = 8.4 Hz, 1H), 8.45 (d, J = 1.6 Hz,
1H), 8.06 (d, J = 8.0 Hz, 1H), 8.00 (s, 1H), 7.90 (d, J = 8.4 Hz, 2H), 7.74 (t, J=7.2 Hz, 1H), 7.65

(d, J =828 Hz, 1H), 7.55-7.59 (m, 2H), 7.40 (d, J = 8.0 Hz, 2H), 2.49 (s, 3H). 1.54 (s, 9H); C NMR
(100 MHz, CDCly) & 154.2, 152.7, 146.4, 138.0, 133.7. 130.9, 129.6, 129.4, 129.1, 128.6, 127.1,

126.9, 124.8, 124.7, 123.9, 123.4, 118.3, 118.3, 111.5, 35.1, 32.2, 21.5; HRMS (ESI-QTOF) m/z [M+H]+
caled for CoHas0 365.1900, found 365.1898.

9,10-tolH| EA -6-(3-HIFGA A D)UY ZE [2, 1-p]MEFT (2{4,3})

(2

MeO O 4‘!!i>} OMe

ol 3 4{4,3 (25 mg, 0.07 mmol)E AHE-8ted 2(7, I3 &2 W= sl 4 aAl, (23 mg,
( 8.0 Hz, 1H), 8.05 (d, J = 8.0 Hz,

92%); mp: 148.4-149.6 TC; 1H NMR (400 MHz, CDCly) & 8.54 (d, J
8.0 Hz,

1), 7.94 (s, 1), 7.82 (s, 1), 7.70 (t, J = 7.2 Hz, 1H), 7.54-7.57 (m, 3H), 7.49 (t, J

M), 7.28 (s, 1H), 7.02 (dd, J = 2.0, 8.0 Hz, 1H), 4.12 (s, 3H), 4.00 (s, 3H), 3.94 (s, 3H): C NMR
(100 MHz. CDCly) & 159.9. 152.0, 151.1, 149.3, 146.7, 138.0, 130.9, 129.8, 129.4, 128.2. 126.8,

126.8, 125.9, 124.7, 123.1, 121.7, 118.8, 116.7, 115.1, 113.5, 103.8, 96.1, 56.9, 56.4, 55.6; HRMS
(ESI-QTOF) m/z [M+H]+ calcd for Cusllo04 385.1434, found 385.1432
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[0349]
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[0352]

[0353]
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9,10-tto| I ZA -6-(HZ DA -1-) YT E[2, 1] ME=F& (2{4, 11})

o] SFEL 4{4, 11} (25 mg, 0.06 mmol)E A}&sle] 2{7, 1}7 #& wHoz MY, A 1H, (19.5
mg, 78%): mp: 172.5-174.8 C: H NMR (400 MHz, CDCly) & 8.64 (d, J = 8.0 Hz, 1H), 8.06 (d, J = 8.0 Hz,

1), 8.0 (t, J=28.8 Hz, 2H), 7.91 (s, 1H), 7.87 (s, 1), 7.77 (t, J = 6.8 Hz, 1H), 7.70-7.72 (m, 2H),
7.58-7.67 (m, 2H), 7.53 (t, J =17.2 Hz, 1H), 7.38 (t, J = 7.2 Hz, 1), 7.11 (s, 1H), 4.13 (s, 3H),

3.91 (s, 3H); C NMR (100 MHz. CDCly) & 152.9, 151.2, 149.3, 146.7. 134.8, 133.9. 132.3. 130.7,
129.4, 128.7. 128.5. 128.4. 128.1, 126.9. 126.4. 126.3. 126.1. 125.6. 124.8, 123.3. 118.2. 116.8,
103.9. 96.2, 56.9, 56.3; HRMS (ESI-QTOF) m/z [M+H] calcd for CotyOs 405.1485. found 405.1486.

9,10-tolH FA|-6-(4-(EO| EF L2 ) ADUZE[2, 1b|MEF & (2{4, 12})

(2
MeO O O
MeO 0 O

CF3;

o] 3}§E 4{4,12} (25 mg, 0.06 mmol)& AFE3le] 2(1, 33 & Wyoz FAHJT. S ZFo|E 114,
(21.5 mg, 86%); mp: 184.4-186.2 C; 1H NMR (400 MHz, CDCl;) 68.54 (d, J = 8.4 Hz, 1H), 8.04-8.10 (m,
3H), 7.93 (s, 1H), 7.81-7.83 (m, 3H), 7.73 (t, J = 7.2 Hz, 1), 7.57 (t, J = 7.6 Hz, 1), 7.26 (s,
1), 4.12 (s, 3H), 4.00 (s, 3H); 13C NMR (100 MHz, CDCl;) &6151.6, 151.1, 149.5, 146.8, 140.3, 130.8,
129.6, 129.4, 128.5, 127.3, 126.1, 125.7 (q, J = 3.9 Hz) 125.4, 124.9, 123.2, 119.0, 116.5, 103.8,
95.9, 56.9, 56.4; HRMS (ESI-QTOF) m/z [M+H]+ caled for CysHigFs05 423.1203, found 423.1208.

9,11-to|H| EA-6-H HUZ E[2, 1-p]NZFF (2{(5,1})
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[0356]

[0357]
[0358]

[0360]

[0361]
[0362]

SIES 10-2020-0111120
o] BIFEL 4{5,1} (25 mg, 0.07 mmol)S A}&3te] 2{71, )3 Z<o v ow AT, 3| 1A, (21 ng,
84%): mp: 179.2{181.2 C: H NMR (400 Mz, CDCly) & 9.48 (d, J = 8.8 Hz, 1H), 7.94-8.00 (m, 3H), 7.92

(s. 1H), 7.45-7.65 (m, 5H). 6.85 (s, 1), 6.54 (s. 1H), 4.14 (s, 3H), 3.91 (s, 3H); "C NMR (100 Miz,
CDCly) & 160.3, 158.4, 154.8, 151.1, 136.9, 131.4, 129.3, 128.9, 128.7. 128.0, 127.9, 127.5, 126.4,

126.3, 126.1, 124.6, 119.6, 108.9, 94.8, 88.9, 55.9, 55.9; HRMS (ESI-QTOF) m/z [M+H]+ calcd for Collig0s

355.1329, found 355.1330.

6-(3-EF229d)-9,11-to|w| EAGZE[2, 1-p] IZF (2{5,13})

OMe O

W,

o] 3IEL 4{5, 13 (25 mg, 0.07 mmol)S Al&slo] 2{I1, 1}7 72 WHo=
mg, 65%): mp: 143.5-145.6 C: H NMR (400 MHz, CDCls) & 8.55 (d, J = 8.

ol

A EAQY. S8 14 (16.3

0 Hz, 1H), 8.05-8.10 (m, 3H),

b

7.93 (s, 1H), 7.81-7.83 (m, 3H), 7.73 (t. J = 7.6 Hz, 1H), 7.58 (t, J = 8.0 Hz, 1H), 7.25-7.26 (m,
M), 4.12 (s, 3H), 4.01 (s, 3H); C NMR (100 MHz, CDCly) & 163.0 (d, J = 243.7 Hz) 160.5, 158.5,

154.9, 131.3, 130.2 (d, J = 8.3 Hz), 129.1, 128.2, 127.5, 126.4 (d, J = 9.1 Hz), 124.9 (d, J = 2.8
Hz), 124.8, 116.3 (d, J = 22.1 Hz), 114.8 (d, J = 20.7 Hz), 108.8, 108.5, 94.9, 88.9, 55.9; HRMS (ESI-

QTOF) m/z [M+H]+ calcd for CoHigFO; 373.1234, found 373.1236.

9,11-tho| | EA-6-H DU Z E[2, 1-p] NZF H-8-FlB L 3lo|= (2{6, 1})

one {7
§ 1

MeO I @ O
CHO

ol 3= 4{6, 1} (25 mg, 0.07 mmol)& AREstel 2(7, 3o 22 WHe= AT, XA A,
(19.2 mg, 77%), mp: 226.2-228.3 C: H NMR (400 Miz, CDCly) 6 10.47 (s, 1), 9.12 (d, J = 8.0 Hz, 1i),

8.10-8.12 (m, 2H), 7.92-7.96 (m, 2H), 7.59-7.62 (m, 2H), 7.45-7.55 (m, 3H), 6.25 (s, 1), 4.04 (s,
3M), 3.92 (s, 3H); CNMR (100 MHz, CDCI;) & 185.6, 162.6, 159.3, 157.5, 151.5, 135.9, 131.5, 129.09,
129.08, 128.8, 128.2, 127.5, 127.0, 126.7, 126.2, 125.7, 124.7, 118.1, 109.1, 105.6, 89.6, 56.4, 55.9;
HRMS (ESI-QTOF) m/z [M+Na]l  caled for CysH1sNaO; 405.1097, found 405.1097.
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[0365]
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9,11-t}o] H| FA| -6-(4-H| ZA A )Y Z E [2, I-p| DEFE-8-7LB & H|5to| = (2{6,2})

OMe

o] 3FE2 4{6,2) (25 mg, 0.06 mmol)E AF&3te] 2{1, }¥} & Wylog FAs A, A 1A, (19 mg,
76%), mp: 217.2-218.8 C; H NMR (400 MHz, CDCI;) & 10.56 (s, 1H), 9.23 (d, J = 8.5 Hz, 1H), 8.09 (d,
J=28.6Hz, 20), 7.97 (s, 2H), 7.57 (t, J=7.6 Hz, 1), 7.50 (t, J = 7.2 Hz, 1), 7.14 (d, J = 8.6
Hz, 21), 6.40 (s, 1), 4.18 (s, 3H), 4.02 (s, 3H), 3.92 (s, 3M); C NMR (100 Miz, CDCl;) & 185.9,
162.8, 159.8, 159.6, 157.7, 151.8, 131.8, 130.3, 129.1, 128.4, 127.3, 127.0, 126.2, 126.1, 125.7,
124.8, 118.1, 114.4, 105.9, 89.8, 56.6, 56.1, 55.6; HRMS (ESI-QTOF) m/z [MtNal caled for CugfloNaOs

435.1203, found 435.1205.

o
W
N
fr
i
o,
o
¥2
O

o FAHE WHOR B3 291 AP ek 5] WAl 20 A 28] HABE

ANd|3= oFol

20 O 6NP-21

21 6NP-22

22 O 6NP-23

23 6NP-24
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24 6NP-25
25 6NP-26
26 6NP-27
27 6NP-28
28 6NP-29
[0370] 6-(Aoled-3-A)tho| YT E[1,2-h:1',2'-d| F&.
[0371]
[0372] vlo]et 5 DCE (2.0 mL) 2 TFA (1.0 mL)e] EFE T 3-(2-(Woled-3-LolEld) Y ZE[1,2-p] 577 (43

mg, 0.12 mmol)2] &ML 80 CollA 30 & FoF Wttt} Aoz WzZA7l & vk ZIES 2-FolM &
AlA Z BRES F551, ol A7t oA ZHA a2vtE 23] (hexane:EtOAc, 100:1)% A A5}
A wARA 6-(Ro]eH-3-L)fo|FZE[1,2-h:1",2'-d]FF (6NP-21) S AU}t (37 mg, 86%).
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[0375]

[0376]
[0377]

[0378]

[0380]

[0381]
[0382]

[0383]

ZIHSd 10-2020-0111120

A A, mp: 189.4-190.1 C; 'H NIR (400 MHz, acetone-ds) &68.86 (d, J = 8.4 Hz, 1H), 8.69 (d, J =
8.8 Hz, 1H), 8.66-8.64 (m, 2H), 8.44 (s, 1H), 8.20 (d, J = 8.4 Hz, 1H), 8.17 (d, J = 8.4 Hz, 1H), 8.10

(d, J=4.8 Hz, 1H), 8.05 (d, J = 8.8 Hz, 1H), 7.80-7.76 (m, 3H), 7.69-7.62 (m, 2H); 13C NMR (100 MHz,
acetone-ds) & 136.3, 132.4, 131.3, 129.3, 128.4, 127.9, 127.2, 127.1, 126.9, 126.3, 126.1, 125.2,

125.1, 124.5, 24.3, 123.3, 121.3, 121.2, 120.6, 119.9; HRMS (ESI-QTOF) m/z [M+H]Jr calcd for Cyllis0S

351.0838, found 351.0833.

6-(Aol e M-3-Y) oY= E[2,1-5:1",2'-d] F .

o
e

N

vlo]e = DCE (2.0 mL) @ TFA (1.0 mL)4 EE Fo 1-(2-(Moled-3-d ) YT E[],2-p]F& (18
mg, 0.05 mmol)®l &1 80 TAA 30 ¥ Hek witalith. ALow WAND ¥ g EFES ATA B
FAA = AYAHAES F5310L, o= /‘E'EWR%]_ Ao A ZEA] A ZuE 2T (hexane:EtOAc, 100:1)2 A A5}
A aAEA 6-(Ho]edM-3-A)tho| YT E[2,1-h:1",2"-d]FF (6NP-22) & At} (18 mg, 100 %).

WA 1A mp: 156.0-156.6 C: H NMR (400 MHz, CDCly) 69.12 (t, J = 9.6 Hz, 2H), 8.21 (s, 1H), 8.13
(s, ), 8.07 (d, J=8.4 Hz, 2H), 7.97-7.95 (m, 1H), 7.87-7.85 (m, 2H), 7.75-7.69 (m, 2H), 7.60-7.53
(m. 3H); °C NMR (100 MHz, CDCly) &§154.2, 151.8, 136.4, 131.4, 131.2, 129.5, 129.4, 128.5, 128.4,
127.6, 127.5, 126.2. 125.9, 125.6, 125.4, 124.7, 124.4, 124.1, 121.2, 120.2, 112.7: HRMS (ESI-QTOF)
m/z W]  caled for CoHis0S 351.0838, found 351.0837.

1-2-((6-HSAYZER-2-A) A E D) A IIIZE[2, 1D FF
O (0] O

OMe

upo]d F DCE (2.0 mL) E TFA (1.0 mL)9] EFE T 1-C-((6-HEAYZEd-2-A) e D))z E
[2,1-b]1FF& (15 mg, 0.04 mmol)e] &S 80 C°ﬂ A 30 ¥ Tk wwEth. Ao YAl &, qks 3
S AFAA FE2AA = AAES F55t, o2 APIA AoA ZHA] Z2utE 2T (hexane:EtOAc,
100: 1DZ AASte] A T2 1-2-((6-HEFEAGZE-2-A) el d)HAD)UZE[2,1-h]F& (6NP-3) & &
At (15 mg, 100 %).

WA T A mp: 198.7-199.4 T 'H NUR (400 MHz, CDCls) 69.19 (t, J = 7.6 Hz, 2H), 8.41 (s, 1H), 8.13-

8.09 (m, 5H), 7.98-7.93 (m, 3H), 7.88 (t. J = 9.0 Hz, 2H), 7.79-7.74 (m, 2H). 3.99 (s, 3H); C NMR
(100 MHz, CDCly) 6158.1, 154.4, 134.2, 131.6, 131.2, 129.9, 129.5, 129.1, 128.6, 128.4, 128.1, 127.8,

127.6, 127.4, 127.0, 126.8, 126.2, 125.9, 125.6, 125.4, 124.7, 124.4, 119.2, 112.9, 105.7, 55.4; HRMS
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(ESI-QTOF) m/z [M+H]+ caled for CyHsn0; 425.1536, found 425.1533.

9-Hld-6-(Ao] o d-3-d) )Y=ZE[2, 1-p|NZF&.

upo]dt ZF DCE (2.0 mL) % TFA (1.0 mL)e] EFE F9 6-#Hd-3-(2-(Aold-3-Lddgd)dd)Nz=F
(28 mg, 0.07 mmol)2] &M 80 TollAl 30 & FoF wRkelY. Aoz YZAAZ &, v SFgES 739

A EEANA 2 ARNES F551, oE A I oA FEA ﬂiu}iliﬂv‘ﬂ (hexane:EtOAc, 100:1)E A
Aste] A A 2ZA 9-Hd-6-(Ho) L HM-3-A)IZTE[2, 1-p]HZFT (6NP-24) S AAr}t (21 mg, 100 %).
W A mp: 168.5-169 C; H NMR (400 MHz, CDCly) §8.59 (d, J = 8.4 Hz, 1H), 8.41 (d, J = 8.4 Hz,

1H), 8.23-8.22 (m, 1H), 8.11 (s, 1H), 8.03 (d, J = 8.0 Hz, 1H), 7.96 (s, 1H), 7.84 (d, J = 4.8 Hz,
), 7.73 (t, J=7.4 Hz, 3H), 7.68 (d, J = 8.0 Hz, 1H), 7.57-7.50 (m, 4H), 7.41 (t, J = 7.4 Hz, 1H);

13C NMR (100 MHz, CDCls) 6156.4, 152.3, 140.9, 139.5, 136.4, 130.7, 129.2, 128.9, 128.1, 127.5, 127.4,
127.2, 126.9, 125.9, 125.7, 124.8, 124.1, 123.9, 123.3, 122.7, 122.0, 121.3, 117.9, 110.3; HRMS (ESI-
QTOF) m/z [M+H]+ caled for caled for Coll170S 377.0995, found 377.0996.

9-HEA-6-(FFEA-9-U)IZE[2, 1] NZ=FZ.

(2

Wesaly

)

vlo] & DCE (2.0 mL) 2 TFA (1.0 mL)A =3= )

(12 mg, 0.03 mmol)®] &H& 80 TellA 30 & & dbaklth., Adeog YAAT §, g EFES ol
A sENA 2 ANES F55a, o= Na]ﬂzil_ Aol A ZejA] FRuE 2T (hexane'EtOAc 100: D)2 A
Aste] A A 2A 9-HEA-6-(HAFEA-9-A)UYZTE[2, 1-p] HEZF S (6NP-25) S LAt (12 mg, 100 %).

=

o] 6-WFA|-3-(2-AFEA-9-Lol gl ) A d ) wil =

=
pul

i O{N
OH :m

Qi

White solid, mp: 205.8-206.1 C; 'H MR (400 MHz, acetone-ds) §9.00 (d, J = 8.4 Hz, 1H), 8.96 (d, J =
8.0 Hz, 1), 8.51 (d, J =8.0 Hz, 1H), 8.21 (d, J = 8.4 Hz, 1H), 8.09-8.05 (m, 3H), 7.85-7.64 (m, 6H).
7.53 (t. J = 7.6 Hz, 1), 7.15-7.13 (m, 2H). 3.86 (s, 3H); C NMR (100 MHz, acetone-d;) & 159.6,

157.3, 152.7, 133.4, 131.6, 131.2, 130.9, 130.5, 130.4, 129.3, 128.9, 128.7, 128.2, 128.0, 127.3,
127.2, 127.1, 126.8, 126.8, 125.8, 124.9, 123.5, 123.1, 122.7, 122.4, 117.7, 117.6, 112.3, 96.4, 55.2;

HRMS (ESI-QTOF) m/z [M+H]+ calcd for CaHz 0, 425.1536, found 425.1533.
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9-H EA-6-(4-HFA-2-vd A UZ E[2, 1-p] NE=FE.

|Ilil <Qil’ Me
MeO Y “!!P

vlo] = DCE (2.0 mL) 2 TFA (1.0 mL)¢ &3+

o E 59 6-WFA-3-(2-((4-HFA|-2-vd o) ol el )| d )l
F& (12 mg, 0.03 mmol)e] &NE 80 TolA 30 &
> )
Al

Zob wylatgdt), Aeowm WAzl & uke Z3ES
g7t AoA Zeghr] AEvE Y (hexaneIEtOAc 100:
2-dEgEd)UTE[2, 1p]=F& (6NP-26) & AU} (12

ANA FFAA = AWPES F531, °l&
DR A ] A A 24 9-HEA-6-(4-H=
mg, 100 %).

WA 1A mp: 80.4-81.2 C; 1H NMR (400 MHz, CDCl;) 68.61 (d, J = 8.4 Hz, 1H), 8.29 (d, J = 8.8 Hz,

1), 8.02 (d, J = 8.4 Hz, 1H), 7.73 (s, 1H), 7.69 (d, J=7.2 Hz, 1H), 7.56 (t, J = 7.6 Hz, 1H), 7.40
(d, J=18.4Hz, 1), 7.19 (d, J= 2.0 Hz, 1H), 7.11-7.08 (m, 1H), 6.96 (d, J = 2.0 Hz, 1H), 6.93-6.90

(m, 1H), 3.91 (s, 6H), 2.26 (s, 3H); 13C NMR (100 MHz, CDCl;) & 159.5, 158.9, 157.2, 152.7, 138.5,
131.5, 130.6, 129.0, 128.9, 127.9, 127.4, 126.9, 126.6, 124.5, 123.3, 122.2, 118.4, 117.5, 115.7,
111.7, 111.2, 96.7, 55.7. 55.3. 20.5; HRMS (ESI-QIOF) m/z [WH] caled for CuHy0; 369.1485, found
369.1489.

6-([1,1'-vlol Bl d 1-4-Q)-9-H|EAVIZ E [2, 1-p| HEFT.

"ok 5 DCE (2.0 mL) % TFA (1.0 mL)9 &3& F9 3-(2-([1,1'-vlol#Hd |-4-doll el d) 3l d )-6-H| FA|
ZF& (21 mg, 0.05 mmol)2] &S 80 TellA 30 I3 s3It %‘_%P_E WA F, wkg E3HE
AFo A FFEAA Z AHES 53513, o5 AY7A oA ZA aZvrE28 Y (hexane:EtOAc, 100:
DE AAS] AN mAZA 6-([1,1'-1#t0]H D ]1-4-D)-9-HEAUZE[2,1-p|HNEZFS (6NP-27) & AU}

(18 mg, 86 %).

o
to =

WAl A, mp: 167.9-168.5 T; lH NMR (400 MHz, CDCl;) §8.59 (d, J = 8.4 Hz, 1H), 8.30 (d, J = 8.4 Hz,

1), 8.07 (t, J=7.0 Hz, 3H), 8.00 (s, 1H), 7.81 (d, J = 8.4 Hz, 2H), 7.73-7.68 (m, 2H), 7.56 (t, J =
7.6 Hz, 1H), 7.51 (t, J =7.0 Hz, 3H), 7.41 (t, J=7.0 Hz, 1), 7.27 (d, J = 5.6 Hz, 1), 7.11 (d, J

= 8.8 Hz, 1H), 3.94 (s, 3H); C NMR (100 MHz, CDCly) & 159.1, 157.2, 151.9, 140.8, 135.4, 130.9,
129.5. 129.4, 129.2, 128.8. 128.0, 127.4. 127.4. 127.1, 126.8. 126.2. 125.9, 124.7. 123.6. 122.2,
118.2, 111.9, 96.7, 55.7; HRMS (ESI-QTOF) m/z [M+H] calcd for Cooll0, 401.1536 , found 401.1537.
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6-([1,1'-8lo]# d 1-4-4)-9,10-t}o| H EA U Z E [2, 1-p| HZF .

o~ )

MeO 0 O
O

vlo]ek = DCE (2.0 mL) % TFA (1.0 mL)9 EFE&E F9 3—(2—( 1,1'-vleolud |-4-L el d) 3 d )-5,6-t}o]
EAMl=FE (22 mg, 0.05 mmol)2] &UE 80 TolA 30 # wRkEgith, ALom WA 3 e &
FES AFoM sFAA = YAES 5311, ﬂe‘“ﬂﬂé*“W1aﬂﬂ I2utE 183 (hexane:EtOAc,

100: 1) 2 ﬂzﬂo}o% wv“ A ZA 6-([1,1'-vlo]Hd1-4-U)-9,10-To|H BEAUYZ E[2,1-p] ANZF & (6NP-28)
S AU (18 mg, 82 %).

WAl A mp: 207.4-208.2 C; H NMR (400 MHz, CDCls) 68.55 (d, J = 7.6 Hz, 1H), 8.10-8.05 (m, 3H),
7.98 (s, 1), 7.82-7.80 (m, 3H), 7.71-7.69 (m, 31), 7.57 (t, J = 7.4 Hz, 1), 7.51-7.49 (m, 2H), 7.41
(d, J = 6.8 Hz, 1), 7.30 (s, 1), 4.12 (s, 3H), 4.01 (s, 31); C NMR (100 Miz, CDCly) & 150.9,
149.1, 146.5, 140.8, 135.5, 130.8, 129.4, 129.3, 128.8, 127.9, 127.4, 127.4, 127.1, 126.7, 126.3,
125.6, 124.6, 122.9, 118.6, 116.5, 103.7, 95.9, 56.8, 56.3; HRMS (ESI-QTOF) m/z [M+H1  calcd for CagHuOs
431.1642, found 431.1641.

9,10-tho| M| EA|-6-(H FEA-9-A) Y= E [2, 1-p] NZFF.

2
MeO 14iil’
MeO |'lil 0 “!i’ilb

vlo]<t F DCE (2.0 mL) 2 TFA (1.0 mL)9] EFE F2| 5,6-UolWE5A|-3-(2-(FFEA-9-U ] d )l d
ek (23 mg, 0.05 mmol)2] €A 80 TolA 30 ¥ F<¢F AWy, Aoz WYzhxzl & wg TIES
FoNA sHFAA 2 AFES F531aL, o) AT FolA FA Z2rE T (hexane:EtOAc, 100:1)E
AAEte] A 1A ZA 9,10-tFO)| W EA-6-(HFEAN-9-Q)FZE[2, 1-p]HEFHZ (6NP-29)S ATt (18 mg,
78 %).

Al

FUO\"

) 1—}1

Bright brown solid, mp: 137.7-138.4 C; 'H NMR (400 MHz, CDCl;) 68.84 (d, J = 8.4 Hz, 1H), 8.80 (d, J

= 8.4 Hz, 1H), 8.65 (d, J = 8.0 Hz, 1H), 8.08 (d, J = 8.0 Hz, 1H), 7.97 (s, 2H), 7.88 (s, 1H), 7.88
(s, W), 7.77 (t, J=8.0 Hz, 1H), 7.75-7.71 (m, 2H), 7.67 (t, J=7.6 Hz, 2H), 7.61 (t, J = 7.6 Hz,

M), 7.46 (t, J = 7.6 Hz, 1), 7.07 (s, 1), 4.14 (s, 3H). 3.89 (s, 3H); "C NMR (100 MHz. CDCly) &

152.9, 151.1, 149.1, 146.5, 133.4, 131.5, 130.7, 130.5, 129.3, 128.9, 128.8, 127.8, 127.1, 126.9,
126.9, 126.8, 126.6, 124.7, 123.1, 122.9, 122.7, 118.1, 116.6, 103.7, 96.0, 56.8, 56.1; HRMS (ESI-

QTOF) lﬂ/Z [M"’H]Jr calcd for C:ngg:gOg 455.1642 y found 455.1646.
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(98]
Age 11 B34 29 FFE] FI B4 24

HE 35 W-Vis S5 A2FEHS A4 Lambda25 UV/Vis #3%7] (PerkinElmer, Waltham, MA, USA)
Abgstel 54 &gt g% A9ERS 7] 3im, WE Sm®  slit width AF¥FSL FP-6500
spectrof luorometer (JASCO, Tokyo, Japan)& ©o|&3le] ZAsItr. A ee] 4 ~HAEHLS or|e 4=
0.5nm9] slit width AFSFQl ZF Q2 ZEmax-4 spectrofluorometer (Horiba Jobin Yvon, Kyoto, Japan)Z ©]-8&3d}¢
dEolA FAsAT. &9 Fo] HEY FF A4 FES AFELEA SEHA (0 = 0.27 in EtODS A
gatar, A Ao FF FA FES AR T oJAEYE 2= Horiba FluoroMax-4 &% &3 54
4 SFrh. ELSZ-2000 (Otsuka, Chiyoda, Japan)©.2 §2 3 Abghe o] &3le] Y} =27] &

mlm s

# 3

Ao 1 WA 199 wE 3}stE o] Fst 54
}é}\] 01] }\'abs (nm) Lem (nm) € nax (Milcmil) (I)F

DW EtOH DMSO (Solution)
A1 329 420.5 389.5 400.5 18600 0.60
2{1, 1}
AN 4 331 412.5 384.5 393.5 23200 0.74
22{1,2}
A Ao 328 413.5 390.5 401.5 18600 0.67
32{1,3
AN 4 328 431.5 388 397.5 18800 0.62
4241, 4}
A Ao 329 411.5 389 399.5 18800 0.57
52{1,5}
AN 4 308 495.5 393.5 406 32800 0.78
62{1,6}
A Ao 328 430.5 393.5 408.5 17900 0.63
72{1,7}
AN 4 332 412.5 385.5 394 20100 0.63
82{1,8}
A Ao 321 380 379.5 384.5 19300 0.38
92{2, 1}
AN 4 322 386 383.5 388.5 21700 0.45
102{2. 7}
A Ao 325 392 382.5 387 14400 0.39
112{3, 10}
AN 4 324 406 379.5 383.5 21800 0.51
122{3. 4}
A Ao 342 435.5 404.5 425 22800 0.66
132{4, 3}
AN 4 350 426.5 402 423 20700 0.70
142{4, 11}
A Ao 355 447.5 424.5 449 18400 0.72
152{4, 12}
AN 4 322 444 .5 398.5 412 15900 0.52
162{5. 1}
A Ao 322 452 405.5 423 14900 0.58
172{5, 13}
AN 4 354 - 478 - 15400 0.06
182{6. 1}
A Ao 311 473.5 487 4245 22100 0.03
192{6. 2}
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F 4
Aao(nm) |DW Tris(pH 7.5) |EtOH DMSO CHC1, €

A (m) | Aey (m) Aoy (m) | Aey(nm) Ao(am) | em )
AX e 20 354 - - 378.5 382.5 369.5 27200
6NP-21
AX 4 21 362 422.5 425.0 387.5 392.5 392.0 30000
6NP-22
AR 22 362 448.0 447.5 392.0 403.5 392.5 29900
6NP-23
Ao 23 338 - - 368.5 390.0 372.0 33000
6NP-24
X 24 345 426.0 429.0 389.5 405.5 388.5 18400
6NP-25
X 25 345 393.5 416.0 375.5 384.0 379.5 20500
6NP-26
X 26 298 414.0 408.5 399.0 412.5 498.0 36700
6NP-27
AXd 27 338 439.5 435.0 414.0 437.5 406.5 23800
6NP-28
X 28 350 425.0 420.5 406.0 426.5 398.0 22400
6NP-29

T 12 DMSOZ =A% 6NP-14, 6NP-2, 6NP-7, 6NP-8, 6NP-11, 6NP-12 % 6NP-13¢] &4 AHEZ(l) ¥ ¥
2AEH(h)S HAFET. S3E9 F4 HugkS oF 300-350 nmmo| Al FHEE AT, DMSO A= ¢F 380-450 nm
oA Hu W&ol #AHJY. #FAHE AU Stokes shift7} WEH FA] AEFE 5= 100mm7HA] o] 5 3s)
E A vlo]o ojug S8 T3 Wgo|t;, Fet EA| v FR-AA TA B2 A Yol FaE A
Z-F 25 (EDG) (-0CH;) o] W& ~FERe] A Holg FI/A7|a, E HolA AxF FA ZH(EWG) (-Cl1
-(F)& W2 Huzte] HA Hol2 7MY (= 2). & 2= 0.5 uMQ 6NP-14 (a), 6NP-1 (b), 6NP-9 (c),
6NP-6 (d), 2 6NP-13 (e)9] A3 &walAe] 3 ~FEHS 1o

&= 32 0.5 pMe] AAle] 20 WA 28 whE el o] BujolAM o] FF AFAELHS KW

il
AN

o},

AN

A 2: ojuA] 7|v X A7

HeLa (C17F A}d7AX9F MEF) MEE Cellcarrier-96 black plate (PerkinElmer, Waltham, MA, USA)dll
20,000 cell/wellWHE AZ3}3 37 T, 5 % CO.0NA 24 A ZF F<F vjek atgch. 2olgls Mxe] olm AL 93l
AELE 1 A7 5ot 318E 507 AHEdta AE ~238Y o|uA]E= 410-480 nmell A Operetta High-Content
imagine system (PerkinElmer, Waltham, MA, USA)S B3 F=HEar, 208 HEHAZZE 360-400 nmol| A o] 7] A]
AA H3S Wy}, oju| x| A= Harmony software (PerkinElmer, Waltham, MA, USA)E AF&3}3it).

solole Az olu S $8l, Hela MEE T2 AAldl Zol5a 37 T, 5 % CO.oA 24A13F &<t vl 3]
Gk, T3 ABES 5 % CO, dfollA 37 CTollA 1 AZF &< 10uM NP 3&EF 7 wiF 3 & 20 & &
150nM MitoTracker Red (Molecular probes, Eugene, OR, USA) H+ 75nM LysoTracker Red (Molecular probes,
Eugene, OR, USA)Z 30 #3F A8 3}th. 28] ¥, =2 Dulbecco's phosphate-buffered saline (DPBS) O =
23] A3 o}g TCS-SP8 & =% #ol# FA} &w|7Z (Leica, Wetzlar, Germany)S AF&3le] Aolgli= AlE
olu| S G SAUTE. NP-HE] H AEe] olnX|E 405 nmoll Al oJ7]A] FA FFo R 410-560 nmoll Al AU,
Z1o)] Hball LysoTracker Red ™ MitoTracker Red:™ 561 nmollA 7| a w7k &3 o 7 >566 nmoll Al HAEH U

-

©
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n

% 4% Hela A|z9] Holgle AXE ojud AFAE HolFErh. (a) 10uM 2 20 uMe] 6-X8% YT E[2,1-p] %
FHoRE 1 AIZF 5t A ¥ Hela Ao Fd W W3 AJofo] Holgle A ojux]. gt o]n=] : 20 n
M 6NP-12 (b), 6NP-13 (c), & 6NP-10 (d). scale bar: 100 pmZ el .

+ Hela AX9 & 23 #olB AMX ova AdE HoFY, Hela AXEQ & 23 golH AMXE oJuX =
10 pm® 6NP-13C.2 1 A7k =t vjF 3 & 20 & %<t 150 nMe) MitoTracker Red (a) % 30 ¥ =< 75 nM
LysoTracker Red (b)Z A& 3slgdck. HA

Ha ( ] : 405 nm, Em : 410-560 nm)< 6NP-13 & FoA] H]ZH,
283l LysoTracker Red &% X+= MitoTracker Red & Oil‘%\ﬂiﬂ A Q49 (Ex : 561 nm, Em :> 566 nm).

scale bar+= 10 pm. Hela AlEo] =z Mol ZA|H {Vﬁ] 39 (ROD)Y #A= TEupd,

A A7}, Hela AES] 4olls AlE ojuo] gk 34 3t
e

d FES AHska 6NP-12, 6NP-13 % 6NP-10 815
=l Hela AL AZAe] A3 3ol 71 A FHdo] &

e GoldtH(= 4 2 & 5).

Ad 3: AE 54 A3

MIT B8 AL&351e] 3gE9] 3 SAS H7F 399tk. MCF7 (human breast cancer cell line) Al¥ZE 96-well
cell culture plates (SPL Life Science Co., Gyeonggi-do)el 10,000 cell/well "M== FHZE dFScl. 2443
X St &, MEE 37 TollA 1 A1 5k AE ag wixol A tdst %9 3= (0.5, 1, 2, 5 2 10
W2 AP agld. AE WA A48 Az wAsty AMES Fe4 LED 2 (800 Im/m)OE 0, 5 2 10
5 ZAF BIITE. A & HEE 37 T, 5% 0,9 o] FACNA 24A7F Tk s AT, WA wA F
20 pM 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT) (5 mg/mL)E Z+Z}2] wellol]
ZVetar 3AIzF wjFsit). mpx o] HRAE A ABEIL formazan AFAAES DMSOO] &ajAATE (100 wxl/well).
Mithras plate reader (Berthold Technologies, Bad Wildbad, Germany)Z AF&3ted 570 mmoll Ao 3 =s =
Ago=zHm MNE AEES H7)F 3.

T 68 ek 29 F3E AEEA AY ANRES HolFEul. 6NP-8(a), 6NP-7 (b), 6NP-12 (¢), % 6NP-13
(@)

6NP-8 B 6NP-7 &F fri= W
o2 AEHAY (X 6).

il

=
54

o
offt

w2 FEs YEdle. ols el F 542 FAIENR A

el

A3 4: DSE &4

T 72 31E] 29] jHE DSE A4S HolEth AAF (%) 2 A9 (oF#, Aex = 312 nm)elA] THF/&
& (0-99 %) F 10 uM 6NP-8 (a), 6NP-7 (b), 2 6NP-12 (c)<] AFzl. 308 nm (d), 332 nm (e), 342 nm
(f)ol 2] ol7](excitation)® THF/E Z%HE (0-99 %)l 10 uM 6NP-8 (d), 6NP-7 (e), & 6NP-12 ()¢ &
I ~FEY; A4 396 nm ol 6NP-8 (d), 388 mmell Al 6NP-7 (e), 405 nmolA 6NP-12 ()¢ &% Zw= 1

THEO A =3 g=Fe] 70% 7HA= 3 S31& 7HA ARk, 70% o)/ doll M= 98 a7t S =0

= 82 EtOH ¥ A defoll e 3}ska 29 3stEo dFAAEHS HJFTh, EtOH (0.5 pM, dA) 2 114
A (AA)olMel, 6NP-8 (a), 6NP-7 (b), 6NP-12 (c¢), ® 6NP-13 (d)¢] FF~FAE-Y; A A3 (g=
D A (LEZE, A = 365 nm) ShellA A GeEl 42 6NP-8 (a), 6NP-7 (b), 6NP-12 (c¢), 2 6NP-13 (d)<

©
i
o

e olgZel gaEAE wWok A FeelM 2L Ve WERY (= 8 B % 5).

k1
o
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[0449]
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o gh-gofl &= NS wel A AFEfel Al 6NP-8, 6NP-7, 6NP-12 H 6NP-139] F3F 4.

E EtOH A
Aops (nm) | Ay (nm) | @ Aas (om) | Ao (nm) | @r (Solid,
(Solution) %)

6NP-8 308 393.5 0.78 367 408 19.67
2{1,6}

6NP-7 332 385.5 0.63 372 422 22.15
2{1,8}

6NP-12 342 404.5 0.66 370 434 16.33
2{4,3}

6NP-13 355 424.5 0.72 373 437 1.54
2{4, 12}

T 9= 384 29 IR PR T B AE BoFur. THF/water EFE(5/95: v/v) F QA A7)
33X, 10 pMe 6NP-8 (a), 6NP-7 (b), 6NP-12 (c), % 6NP-13 (d); ¥% 9| : A= BEX, 2% 9 : BF
B, 9% ol : x BE, Q8% obg : LN(G2(1)-1) vs T .DLS 41 of w=w 6NP-8, 6NP-7, 6NP-12 2
6NP-139] 9A 37]= Z2+zF 211 nm, 208 nm, 167 nm 2 200 nmo]t} (= 9

T 102 TheFgk BAF &ufel Aol 6NP-79] HF ~FES HoFE = A YA iR &A=
& R3S 9AT (= 10)

A E Eel V1 e 28-S olsisty] fls) dA FEjelA rlsket 5 FX wide 24 ske] 6NP-79]

0.427 X 0.22 X 0.104 mm394 71 7HA 6NP-79] & ZAAS (CH.Cl.9} cyclopentaned AM&3t:= =7] 4 W
wog AAANZT. Hgs AAS SuperNova, Dual, Cu at home/near % AtlasS2 3] A (Agilent, Santa
Clara, CA, USA)ol A& s}att. 6NP-72] dlolE] FHol= 294.4 KollA Cu-Ka HARA (A = 1.542 mmil)gi
253k SuperNova ol 422 I AAS ARSI, Olex2E o] &84, % ShelXT AZEY oS AL&3 &
A WHoR FolH ShelXL AXEYAE AR Ha A5 HAI WHoR AAFAUTH. 6NP-72 %7}
A7t dolE&= www.ccde.cam.ac.uk/data_request/cif. & B AYB R AAT dlolg AMEAAM IS

Qlth. 6NP-79] deposition number: CCDC 1884862¢]|t}. EE dHlolg AFE-LS (CCDC, 12 Union Road, Cambrldge
CB2 1EZ, UKol 83 A 2= 3 4= QUt},

= 112 6NP-79] AA %% w4 AdE BoEr. () Y AR yEkd A4 o -0 dE A (2.249
A)S zte= 6NP-79] AR %, (b) Sl B Slip-stacked 6NP-7 E=}. (¢) W7 Moz vehdl Ex} 7b
S-S A% (3.769 A)E &% 6NP-79] packing T%. (d) A P FEHEE FF 6NP-79] packing TE; B
A AR g S-S AR (3.769 A); Z2FA: 2 ZF CH--S AFF (3,156 A); LA A 3 CH0 AF

:Jd

6NP-7 o] SAHR A5 A8 T stue 7 SAdA 6-olduZE([2, I-pl Ml aLg] Abolo] EARE A
g7 54.711° 9] Xzt 7 5.729 A<l slip-stackse]d, HFS FAA7]|E 7|£9Y n-1 N
sli

o bl
2ZHE A HoWrt. slip-stacksS E3l Z}7te] 6NP-7 3}3E-2 thienyl group®] S¥AF ALelAE7F & A i
ddct, ¥ AFHA 4 A (CH--0 2% : 2.524 A, CH---S A : 3.156 A)F} A Azt §---S A5 2
€ (3.769 A)2 = 11914 BAF ® AAH 6NP-7¢] ¥4 A7 S 3lstes A 7 Y EYAE AR, & A
HE 0 2 S 9A o]ejol ojgfgk BATE A AR BAF 7] REd AEd dFS vABRE ANAoR 1
A Aol A & WEo] YEldt. oluld v A3 d5 2Ee HAx ATFES AA AL ARE 7

= Bow gzt
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o7  H wwx}lES Sonogashira cross—coupling¥ 6-endo-dig HAAAL 18]3tE E& FHYE =

A e e, e e Ao 2 oA SA4E Aldsta, ushd 9

= UE S 58 =& F3S el TuEAE 6NP-8, 6NP-7 E 6NP-12%= 1A AHEje
H g F giFEe] §ujoA e FFAFS HEY AE olvAS EFS FHLS S8 ok
oA wjg- Fad FL A WE (DSE) 5A4S Uehdn. o] dAolA et gFES UgNgd AE 9 4
3] 2 E= 0_5'5]-9—- 3} 740]1;]_'

EH
EH]
(a) (b)
6NP-14 Ly — BNP-14
— 6NP-2 800 — ONP-2
LH 6NP-7 — BNP-7
0 — GNP-8 EE'J 600+ — 6NP-8
o BN 1 400 — BNP-11
6NP-12 70 — BNP-12
6NP-13 200 — 6NP-13

6NP-11 6NP-12

_57_



~ 401 nm

ZIHSd 10-2020-0111120

— Dw
— EtOH

EH2
a 5004 b 5004
( ) 400 . - ( ) 400
u u
n0 300 n0 300+
o #0
B0 200 0 200
100 100
0 0
(c) 5001 — (d) 5001
4004 4004
u u
nO 3004 ~n0 3004
0 w0
=0 200 50 2004
100 100
0
IO (nm)
(e) 500+
4004
H
n0 3004
O
0 2004
100
0 T 7 T T 1 Fa
400 450 500 550 600
otg (nm)
EH3
6NP-21 6NP-22
hex = 354nm Aoy = 362nm
1 =W 1000
—- Tris(pH 7.5) —- Tris(pH 7.5)
80 — EtOH 800 — EtOH
LH — DMsO H — DMsO
N — CHCk p o — cney,
400
200-
i = b
I (nm) IHE (nm)
6NP-24 6NP-25
1000 Aoy =338nm  _ gy 1000 Aoy =345nm ow
—- Tris(pH 7.5) ~- Tris(pH 7.5)
800 — EtOH — EtOH
LH — DMSO — DMSO
= 6009 | — CHCh — CHCY
I
- |
200 e
o wm o
I (am)
6NP-27
1000 Aex=298NM — pw — ow
—- Tris(pH 7.5) —- Tris(pH 75)
800 4 — EtOH — EtOH
H — DMsO — DMSO
600 = gnek
400
200 W %
o T
800
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6NP-23
Aoy =362nm

~- Tris(pH 7.5)
— EtOH
— DMsO

I (nm)

6NP-26
Aoy =345nm  _ py

== Tris(pH 7.5)
800 —

EtOH

6NP-29
Aox =350nm — pw
—- Tris{pH 7.5)
800 - E1ONH
= DMSO




6NP-1 10puM  BNP-2 10 pM

BNP-1 20 pM

6NP-2 20 pM

G6NP-11 10 pM ENP-12 10 pM

BNP-11 20 uM  6NP-12 20 uM

6NP-1 10 M 6NP-2 10 M

6NP-3 10 uM
6NP-3 20 uM
ENP-13 10 M

BNF-1320 M

6NP-3 10 uM

6NP-3 20 uM

6NP-13 10 M

GNP-13 20 uM

GNP-4 10 uM
GNP-4 20 pM
GNP-14 10 pM
B6NP-14 20 pM
BNP-4 10 uM

6NP-4 20 uM

BNP-1410 uM

GNP-14 20 pM

6NP-13

6NP-5 10 uM

BNP-5 20 uM

GNP=15 10 uM

B6NP-15 20 pM

6NP-5 10 uM

6NP-15 10 M

B6NP-15 20 pM

MTR

6NP-610uM | 6NP-7 10 uM

BNP-6 20 uM | 6NP-7:20 uM

GNP-16 10 uM  6NP-17 10 pM

6NP-16 20 pM 6NP-17 20 pM

GNP-610uM  6NP-7 10 uM

6NP-8 10 pM

BNP-8 20 uM

GNP-18 10 pM

B6NP-18 20 pM

BNP-8.10 pM

. 6NP-8 20 pM

&= -
6NP-16 10 uM  BNP-17 10 uM

GNP-16 20 M BNP-17 20 pM
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BNP-18 10 uM

GNP-18 20 uM

Merge

=

6NP-9 10uM  6NP-10 10 uM
6NP-0 20uM  BNP-10 20 pM
6NP-19 10 pM DMSO{control)

6NP-19 20 pM DMSO(control)

GNP-9 10 uM  6NP-10 10 uM

6NP-9 20 uM  6NP-10 ZD.p_M.

£

Distance (pm)

— GNP13
— MTR
@
3
&
>
>
&
(O]
10 20 30 40

— 6NP-13
— LTR
o
3
o
>
-
E
o
10 20 30 40
Distance (pm)
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ZH6
(@) 6NP-8 (b) NP7
£ 100
ol M 0 min Il Omin
Kl & 5 min = 5min
5:: 50 EJ 10 min EJ 10 min
I
=
0
KN T
5 (uM) SE (uM)
(c) 6NP-12 (d) 6NP-13
£ 100 X 100 -
ofn I 0 min U‘H'u’ | W 0 min
K = 5 min K4 O 5min
0 50 £ 10 min 20 5 EJ 10 min
Ll i
= =
0 0
& N v s e KN
SE (M) SE (um)
ZEH7
(d) 0 I
— 5
;Hn 200 % y =of
1 o — 5 ¥
0 25 50 70 80 90 95 99 w0 — 90 = oy
100 T ®
] i

1} 20 40 60 80 100

H - Hh " ) | ‘ 400 - .5EII] ; 600 = 22(%)

= =22 (%)

- ) 5
— 5 -
% ]
70 ;'.\Ha 1504
] — B0 .
25 '50° 70" ‘80" 90" 95" '99 —un 3™
— 50+
99 O T T T T
1 0 20 40 60 80 100
600 = 2E2(%)
R |
— 5
50 1509
n 4
— 8 R0 100-|
i~
=
- 95
3 99 o T T T T
. _— o 20 40 60 80 100
450 500 550 600 = E22%)

-] T}E (nm)
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EHS8
(a) 1000- -600000
800+
H L 400000
RO 6004
70
80 400-
200000
200+
0 0
600
(c) s00- 150000
100000
-50000
0
600

(@)  omsen

i 211nm
I
prea e
1
]
!

(€) oo

£
i 167 nm
i
i
Number Distribusion
i
i
i

]

Wolume Distribution

LWG2(rr1) v T

__\‘a f'ﬁ]’Wiuu_

Velume Distrbution

LH(Gr)-1) v r

j\_ﬂm&lg

(b) 500

(d) 4o0-

(b)

(d)

400-
L4
#0 3004
Ho
80 2004

1004
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~1000000

800000

600000

-400000

200000

0

-

r40000

30000

20000

10000

Intensay Cistribusion

E
208 nm 1
3
1
i
Humber Distribution NG v T
Intermity (istribution Volhume Distnbution
200 nm i
H
i
Hisnber Distribation LMG2{T)-1} ve 1

_61_

400 450 500 550
O (nm)

Velume Dstribubon

600

i ;;'ii'muag

i



=910
500+
o — n-Pentane
400- W — n-Hexane
N — 1,4 -Dioxane
i¥n |
_Hg 300- \1‘1\ — Benzgne
'?'U \ — Toluene
R — CHCl
150 200+ — EA
— THF
100+ — MC
(== i
350 400 450 500 550
IHE (nm)
EH]11

ITE9A

&
Pl — 5 Syt

= TICE

--. 2-Propanol
--- Acetone
-~ EtOH

--- MeOH

-=. CHiCN
--+ DMF

--- DMSO

-+ H0
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