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SUMMARY

I . Title

Development of Fluorescent Chemical Sensors for Analysis of Marine

Environment and Biomolecules

II. Purpose and necessity of research

O Purpose

Study on the fluorescence probe using fluorescent materials has a wide
range of applications. The aim of this project is to provide new tools for
biotechnology and environmental engineering industries by promoting a

basic understanding of natural events.

O Necessity of research

The rapid evolution of industrial and social structure strongly demands the
development of fundamental solution to the environmental pollution factors
through a new technology.

As the life expectancy increases, so does the social demand for new
medical technology explosively. As a result, interest in fluorescent
biosensors as a basic research material for next-generation medical
technology and biomedical research is growing.

This project, one of the strategic research projects of KIOST, can provide
convergence technology based on the development of smart new materials

for the control of biofunction and its application technology.

II. Scope of the study

O

Development of fluorescent small molecule
Derivation of novel fluorescent small molecule

Development of efficient synthetic method for fluorescent small molecule



using a metal catalyst
» Derivation of fluorescent molecules with improved photophysical properties

through structure—property relationship study

O Development of fluorescent chemical sensor for analysis of marine

environment

= Development of fluorescent chemical sensor for detection of heavy metals
such as mercury and lead present in seawater

=  Selecting selective recognition units that match the properties of the
analytes and identifying the fluorescent moieties and chemical bonds

» Establishment of methods for detecting and measuring target analytes in

seawater samples

O Development of fluorescent biosensor for biomolecules
= Development of fluorescence biosensor capable of visualizing biological
events at molecular level (phalloidin—based fluorescence probe which is
selectively binding to F-actin)
= Derivatization of fluorescent biosensors with selectivity for specific
biomaterials such as DNA, RNA, protein, lipid
= Development of advanced detection method and image tracking technology

for target biomaterials

IV. Results

O A series of novel fluorescent molecules of a wavelength of 400 nm to 700
nm with excellent optical and physical properties, was derived and named as
"KIOST-Fluor’

O A prototype of a fluorescent chemical sensor capable of qualitative/
quantitative analysis of metal ions such as lead, mercury, vimentin, and

F-actin has been derived.

V. Future plan



O The application of fluorescent materials to ocean science and marine
biotechnology is still in the early stage. Therefore, this project will
promote the establishment of the research infrastructure and

facilitate the fluorescence-based ocean research in korea.

O Development of new materials in marine biotechnology, one of the
future growth engines selected by the government, has a high
economic impact and is likely to contribute to the development of

related industries.
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A1 A wr¥eEE A

1. BOP ((benzotriazol-1-yloxy)tris(dimethylamino) phosphonium

hexafluoro—phosphate)E ©]-&3F thieno[3,2- blpyridine-5(4H)-one &4

HO
NH, NH o N ©
aza{3+3]cycloaddition
OMe
2 BOP 2
Br s R g R R, S s
1 O 5 kF R

Y4, KFS3dhe] A deF

e BOP A|¢fS AME3FH  3-amino-5-arylthiophene® ©tW&F3H a B-unsaturated

carboxylic acid 19| aza-[3+3] A H/MFES FEF F o= AS

AL, o= Fal oF 7071 HE9 thienol3,2-blpyridine-5(4H)-one-r

l

(¢}

oo g RV 4 EE WEr)el A4S BE3hs

Stk A FHACTE),

s

A

A=

grsg o ol5S KIOST-fluor(KF)2l W d(1d4). 42 aA 3714

FER Xy E=d RYF opAg, Mixd7] 4 A F=1A5E aza-[3+3]

H7pbeS 58 ¥4EH KFE AN AFE), W R7F o2EHd 495 +

AA6S THAl A7l KoCOs= A Elsfjofwt KFE 45 & S BFE). 1A
< &3l

KF

HO
% NH
NH2 N b . ° Route A
OMe 2 OMe R2 s R3= acetyl,
Br S Br S R3 benzoyl,
5 phenyl
o o]
1 2a: R' = Me, 74%° N ©
2b: R' =Bn, 62%P° Route B
R2 s R3 = methyl ester R2 s
H H H s
N c N d N 6 ~ L o
OMe OH Route C
R2 s R2 s R2 s Rt e R2 o
o) le) s
3,33-96%° 4 5 43 - 99%P ; R

t

3

195 KF3 3w

« ¥4E KF F=AEL2 RGN H, Mg, 9d7], R®A o AAF7 3
=98 WY, RSXdE 4, WY, oz Fol
thieno[3,2-blpyridine-5(4A)-onefFr =A< (ZLH6).
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OMe

N O N O N O N O N O N O N
MeO MeO MeO MeO
s s s s s s s
OMe H
KF1,48%" O OMe KF2,50%FP O OMe KF-3 65%°) O OMe KF4,49%P) O OMe KF-5,42%P1 0 OMe KF-6, 45%¢] KF-7, 229 e
395nm,462nm, 0.63° 412nm,472nm, 0.90¢ 397nm,464nm,0.48% 400 nm,469nm,0.51¢! 413nm, 547 nm, 0.999 371nm, 426 nm, 0.83¢ 370nm, 427 nm, 0.40¢!
395nm, 462nm, 0.46°! 400nm,474nm, 0 77°! 396nm,463nm,0.32°!  399nm,468nm,0.31¢! 400nm, 558 nm, 0.90¢] 370nm, 424 nm, 0.42¢! 369nm,425nm, 0.98°
o
N O N O N O N O N O N O N
MeO MeO MeO MeO PhO o o
s s s s s s s
KF-8,15%] Ph KF9,46%" o e  KF10,26%" 0 Me KF-11,38% o pp KF12,63%") 0 ome KF1340% o oue KF1450%°1 o
376nm, 437 nm, 0.464 417nm,510nm, 0.989 417nm,512nm, 0.99% 413nm, 547 nm, 0.674 400nm, 469 nm, 0.839 411nm,474nm, 0.629  413nm,473nm,0.83%
375nm,435nm, 0.42¢! 415nm, 512 nm, 0.84€] 415nm, 515nm, 0.61] Me400nm, 558 nm, 0.48¢ 398nm,469nm, 0.63° 402nm, 482nm, 0.44e] 401nm, 478 nm, 0.68¢]
MeO N Me
N O me N O N O N  OMe N O Me N O Me N
MeO N N N
S Me s s " s Me s Me s Me s
Me N KF-17,27%
%ERS,ZB%M 0 ome KF16,33% o ome ° Me O OMeKF18 32%"0  ome KF19,37%1 o ome KF-20,35%°1 o e KF-21,41% o ph
418nm, 485nm, 0.53 453nm, 554 nm, 0.82 400nm, 560 nm, 0.016! 414nm, 537 nm, 0.17 461 nm, 563 nm, 0.98% 464nm,610nm,0.180] 461 nm, 678 nm, 0.01¢
399nm, 495nm, 0.38¢! 419nm, 599 nm, 0.08¢ 336nm,460nm,0.03°! 399nm, 484 nm, n.dfe! 421nm, 610nm, 0.05¢1 397 nm, 504 nm, n.d.®! 396nm, 521 nm, n.d.Fkl
N O N O N O pn N O N O N
N Me N N N N FiCO FiC
Et s s s Ph s s s
KF-22,53%1 o ome KF-23, 4191 O OMe KF-24,36%" 0 OMe KF-2547%% o pp KF-26,35%8) O  ph KF-27,29% o ph
463nm, 562 nm, 0.919] 467 nm, 550 nm, 0.99% 465nm,605nm, 0.254 463nm,635nm, 0.054 413nm,518nm, 0.859 413nm,511nm,0.824!
460nm, 605nm, 0.08°) 417 nm, 587 nm, 0.03¢! 401nm,511nm, 0.02e! 398nm, 504 nm, n.dfel 412nm, 526 nm, 0.65¢] 411nm, 517 nm, 0.80¢]

Y6 FHE KF dEREAS o7 zsh 24 sgwEe] F503, 9903,

« &33te] 3354 (photophysical property) =74

- F4E FFEZDLS GTFNREY F2A7A 7HABAA FYolA gudst 3
o B3 = ]
A& A

-¥4E FR=HY Fud, ¥R, =53AF, FAESE, 91U,
Stoke’ s shiftE& dichloromethane3} acetonitrile gwjolA 10 o] A2 EF F%
2 =43t #1o AHYsH(FED. o] A3 R? #2719 para $Ix]ol &Zo}
ixr] £ WEAZZE JodA RIgAcdE Wil RAee dA 33
E9] o|FAT ZolE FIU/MIIE WMEY, d2H77 EHEHIS o FFut

7, Bgsgol F7H

#1. KFe #=94 44
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10 pM i dichloromethane (DCM} 10 pM in acetonitrile (MeCN)
R ; stoke's : Stoke's | Lifetime®

he A £ ®;F  brightness 2 hae A A £ ©,*®  brightmess s (1)
395 g6z 7600 0.0y 4,800 68 3gz 395 462 a1pGo0 o046 3,100 7o 233
42 4@ boos o9 12400 = 396 400 474 w400 o7y 8,000 78 230
397 454 46occ o048 22300 70 394 396 463 35w0 o032 uzoo Sg 2.59
400 2689 2000 o3 10,700 7 396 399 488 13m0 om;: 4700 72 13t

415 474 40,000 ©.99 39,500 7O 400 414 477 23600 0.9 21,200 77 206
3 426 29000 o3 24,000 48 376 370 424 2Booo o4z 10,900 48 242
370 4z; 3000 o4 16000 51 374 369 425 37000 o098 36300 51 0.63
375 437 28000 o046 3,000 5 382 375 435 30000 oaz z,600 5 459
#7 30 Bzee o9l 3,000 92 #2413 mz 7300 ofg 5,100 wo 15

a17 a2z 38000 o00gg 38,000 86 420 45 @[5 15000 o.fh g,100 o5 104
43 547 9400 ofy 6300 m 206 00 3§ w7o0 o048 9,590 152 532
400 4By 12300 o.d3 EER: 7 398 398 26 3o ofs 19,800 sl 283
411 474  4.400 0.6z 2,700 Fo 400 4oz 482 36300 o4 16,000 8z 172

s13 47 28600 ods 23,700 b 1 398 a4m 478 1B8oo o068 12,800 8o 215
48 485 23700 o33 300 &5 398 399 495 mn3ee  o38 4300 97 136
453 554 20000 o8Bz 23,000 120 428 49 509 22800 o.08 1,800 7 2.07
400 560 n8oo o.oL 100 164 396 1336 460 3,300 .03 w00 64 2.64
4 B/7 oo oay 3.000 13 40z 399 484 27400 nd nd. 8z 123

4 563 =z:8c0 ol 21,400 =7 432 4: fao 40300 o005 2,000 178 186
464 a0 z7.z00 0.1 4,900 16z 440 397 504 23800 nd. nd. Gy o
482 678 35200 oOom 400 232 438 396 5 maco nd nd. 83 101

463 stz 36000 o@ 33,600 120 436 460 6o 33200 o008 3300 1tig 650
467 530 23900 o049 3,700 30 8 a7 7 27800 0.3 Soo Bg 150

465 6Gos 3o 025 7.800 1R 248 40 sun 28500 ooz Goo 63 z.25
463 635 34,600 o.o5 L7ec 197 goe 398 sS04 2660 nd nd. 74 0.99
213 :é  ggoo o83 B.400 nd 394 g1z 526 mo00 o.65 7200 13z 477
213 1 6,000 o8z 5700 g 388 m 7 10,000 o8 8,000 179 1.66

s B & 33 37 ol sy = o) (o) =z] =] 1= 1
o 8ol S wet FFugo]l Wstele S AASke=  solvatochromic

Normahzed Flugresoencs inbensty (o)

effect& SAHINYET). KF-229] A ¢ w548 SAEME 255
Bupato] Aojx = wHbH(positive solvatochromism, 1#8. &), KF-24= H| =4

dol e FFaao] AoAARE SA Gl A= thAl TAo] FrolA]
EAS B9 S(negative solvatochromism, ZH8. ).

s Tl i |
L B = | D THF |
" ’ —
DM
A e MBCH
DMF
OIS
EiCH
—— WAeOH

Mormnaliped Fluchascens Inlensily (a.u.)

T
&00 Ed) 200 OO &0

Wirvalangth {rnm} Wavelgngm (nm)

198, Normalized emission spectra of KF-22 (left) and KF-24 (right) in
different solvents (10 pM)
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2. 9(1) Zv chloroll,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidenelgold(I) (Ipr
AuClhE o] &3 thienol3,2- blpyridine-5(4H)-one 43
e F(O =ul= o] &3 AM-alkenyl alkynylamides®] g]old& A3 WIS E3
t}okdl 2-pyridoneS A4S (Z1310).

R
2 By F"J\ L8]
o JLL\ Aui1) 0.5 moi%, \7/ ?‘4
N AGSbFg 0.5 mol%h QLY//‘
R Fx
2 N Bizzang CHaNO, (515 =
$aj OO0 e 284
Er Br Br o o
T 1 i
- tr\z. O Mg ® = N._O BF%\N.)'L} BG\N\)‘Lﬁ
T\g R 4 e ;’”%/ S e l R o
Ph P = Ly 2
2a 2k 2 2d e
G, B4 T, g4% 1h, BE% 2%, TE% 1, SP%S
B:n !;Esaxi;i i;lsaxy! i;]sexyi H
N Mg Shis (M{Nﬂ ’ {onﬁjs
i I's i i :, i
& \\,-Ak\l,f' E = - kS i
Rl P Me Fh #h
e g 2n o 2
0.5, 90% T h GR% G5k, 7% JR8TE T3 h, PR
& - satahisis 1.0 mal¥ sty = e j"pr fe=—y e
Botomp. 70°C o 10950 00T | Auith= N /‘w
\\w Y
\
["‘E&X}’E - 3‘1/"‘\/"\/’ vf’{\ AL }"‘m«/

P & vl
1910, IprAuClE v 23+ 2-pyridone 43

« o] FFA4HES oAl AM-thiophen-3-yl alkynylamidese]l A-&3ste] vt
thienol3,2-Alpyridine-5(4A)-one & J S A e (171D,
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2 &3 zglo] A3 @A (cycloisomerization)yh-$-& o] &3l FA4H KFH
Foho] FEE 3 AHES =AY (1912,

i
N oY M in dichloromethane (DCM) in acetonitrile

Zu

""‘“O”"‘(.:}“"\/SJ‘\/ =y A A o brightnes Stoke's A A @ bright Stoke's
2 Mo 3 " By || e s f s shift By [tes £ " ness shift
. /,\/éi o 1 370 426 24200 0.79 19,100 56 370 423 10700 047 5,000 53
a0 e
sl
M i 2 370 426 27600 099 27,300 56 365 424 25800 078 20100 59
o
B = 3 378 436 22600 0.56 12,700 58 376 435 26500 042 11,100 59
N
4 377 435 29000 031 9,000 58 376 433 18800 025 4,700 57
mx_‘(;_ N\f()
L 'g~j\7»? 5 384 474 22400 0.70 15,700 90 382 482 13800 0.78 10,800 100
’ 6 400 469 16400 0.86 14,100 69 396 482 17800 081 14400 86
g \/\_J:ENT:J 7 398 467 31100 097 30,200 69 395 478 47,100 094 44300 83
¥

f;‘\ 8 408 491 81400 098 79,800 83 407 516 84200 080 67400 109
0 %,J

S0sMe

9 404 484 28700 098 28,100 80 404 504 48100 099 47600 100

10 418 544 19800 070 13,900 126 417 599 44500 003 1300 182

— N N0
4/?“."(‘&1’)‘\31; 11 422 559 29000 070 20,300 137 418 615 31600 004 1300 197
PN
153 u 12 420 516 29,000 092 26,700 96 420 546 41,000 089 36500 126

13 412 532 13900 0.75 10,400 120 406 572 10400 044 4600 166
Y12 FENE o8 noldAAFNE S F FHH KFFEAS]
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= FmE o]&3 6-endo-dig o] AA REHE AEF. 53] ol W
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g .

Rs

- brightness control —= R1
I
N

1

- auxochromic tuning
e
T Gold(l)-catalyzed 6-endo-dig

cycloisomerization

==2

ol

1914, Thienol[3,2-blpyridine-5(4H)-one &3 te] A H

Yukr o 7 A B2 FEZ LS hexane, methylene chloride, chloroform% ®=
AemolA =& ¥FA7IE HolA7 H20, MeOH, EtOH, DMSO 5 =4 &
o= A F9lo &usk(solvation)o] HAsI of 7] el (excited state) ol
A FQ) 7} vrolxm w74l (nonradiative decay) @48 do7]7] W&ol
FFA7I7F D438 A (L™E15).
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1915, &3t} o] u}

up2kA KIOST-Fluor &£47F w450l F3AA Y F3gntoleils el dsgx
HaA G480 Fss st7feide S F3A7I7F ashA] &
SRS

I dHHo s FFEHE FASE Ao

g18 60079 KIOST-Fluor $54 3 4747} 9o =4S BEA7= AL
2 HEA o5 3 7ZEAS H2ES A3 29 FFE(EMFL)TH 49
(=g 3)o F333A0em), dFEH7](brightness = =53 5() x FAF
T5&(0p), Stokes shift7} 53] 93 Ao 2 a3 (C1716).

M

" iMm e

’.?-.H__:_,. . ._(_,"E E"kw /}_j-{z;\ﬂ \_;,;.G E‘t‘ﬁ /_,/-._\__lei‘é.%ﬁ,ﬂ E‘E:N <.-/z.\..\ﬁzg\=: M;,}c
..... ¥ !E 1 e S i 4 i < _,§
g E R Y NS gt

O e,

Stoke's brightn Stoke’s
r e E @:  brightness shift P £ Py Aot shift

3968 467 31,100 0497 30,200 69 395 478 47,100 094 44300 83
408 491 81400 0098 78,800 83 407 516 84,200 080 67400 109
404 484  ZBTO0 098 28,100 80 404 504 48100 099 47600 100
420 516 29,000 092 26,700 96 420 546 41,000 089 36,500 126

2916 AEE 459 seke 7o o5 Ve

In dichloromethane (DC!

313545 ¥494o] methylene chloride®} acetonitrileol Al z+z+ 516 nme}
546 nm=E AHE 4F7FY FFHEA oA 7 A FFRLS 2 S
FFAAZE A BANSE WA E AlAdd AMEEE FFEdo] &
AED e AMEEHE S wet FFupAa FFA 7 |t glojor &
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A

st=Ede &Y A mE FFaA Wyt gijlen, S50l it
AA BHe Folus] 93] 10FFe) Fholed U@ FAE FEE
e ARS ANT AT AEE wE Lol sl IR, IBAI
Hale Qe Aoz waR (1¥1D).
Me
Et N__O
‘N / I
Et’ =
4 A\

Tris-HCl buffer pH 7.02 (50 mM):EtOH (1:1.5)

Rox (not quantitive), Fluorescent (1 mM)

ol FetE49] x4 SHsulfun)o] ZdEo] gom=w
Al sulfoxide =+ sulfoneo.Z wWEgo] o] F ] 3 33A|7]
Ao Z A7 (1H18).

~ o
2,
-
2l
o
X
B
kY

HEO Co2+ Al3* Ba2* PbZ2t* Nat+ As3+ Mg2+. H92+ Mn2+Cu2+

I
{

Tris-HCI buffer pH 7.02 (50 mM):EtOH (1:1.5)

Metal ion, Flucrecent (1 mM) — No changes in fluorescence

1918, BhghE4e] Ars SHolM ] FReEd Wt

2 A YREIAA A

1. Faol2F=(pH) AlA 7i

pH AlA ol HA 9 FA: BOPE o] &3 aza-[3+3] neH7h-go HAEZA
KF-5¢} KF-22+= 8wl SA4d w& FFa4de] ]

T3 o] F FEES AEHVE ZHa Jdte F5 0
goe] pHoll Wt AZA9 aromatic 18] ¢+e] WX Zt =7} WsteE o] &
A Qle. WA 7teE JhEEs] Whgo 2 KF-59 KF-22 7 33&ES KF-28
o KF-298 WSAIA Fhol2F 5o Hdle] e o4 & 5}



M~

Flusmacencs intensity (au.)

40y o) [ 50 L2y

Wavelargth (nm)

[ |
4.0 5.0

pH = 3.0
19H19. pH-Dependent fluorescence spectra of KF-28 (1 uM, left) and KF-29

(10 uM, right)

2. W (Ph¥) AA s
o AAC A} A

NHz vdrolysis &

&
B'"““-SJ\H,OCH?.

- N O
g Suzuki
oouph zng

A% pHel Z7K
PH 104 %3 H33%

decarboyylation
e -

71730l wet F3FA 717}
fol BH=(1919).

Fluoroscence iransdy (A}

1.0 2.0 3.0 4.0

H //’ph
MH; _ ) N A
Pt amida coupling /’%ﬁ/ Nl
gL 4 T el S0
5 57
mathyiation
CH3
Gty P
H‘J’{} A V/
N
. L Oyclizaton Y
57 s 1 5
P 3
N _ 4
" HO CHy
HN CHy y IN 0
5 e
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120, HPbY) AA e A FA

UM MIE FOFHE ol &3 ol dEAS} WS AHESte F&ol
Ay ol g T A= 2-(4-hydroxy-3-((pyridin-2-ylmethyl)ami-
no)phenyl)-4-methyl-7-phenylthieno[3,2- blpyridin-5(44)-one s FES FA g
(Z2420).

A A 2 A= 2-(4-hydroxy-3-((pyridin-2-ylmethyDami-
no)phenyl)-4-methyl-7-phenylthieno[3,2- blpyridin-5(4/)-one  &3FES  Na',
Ba*, Mg', Mn*, Hg*, Co*, Pb* & F&ol& G| H713te F(Pb*)o] Lol
/\-]EH;H o5 71—06]-1:]_‘— 74 _1?_§j (11‘}121)

1921,

2-(4-hydroxy-3-((pyridin-2-ylmethyl)amino)phenyl)-4-methyl-7-phenylthieno[3,2-

blpyridin-5(4H)-one?] FZ& o] Lo )3l A el

194z A€ B3 s0OFWHE ol&s o] ddAS He& AMgste @
(Pb™Molext Mexgozw  Ayoldd £ e 2-(4-hydroxy-3-((pyr-
idin-2-ylmethyl)amino)phenyl)-4-methyl-7-phenylthienol3,2- blpyridin-5(4 4)-one
gES GO AAY v IEE AT daido] A8 (I2F2D.

" (Pb2o)o]2 izt AMEAdE  Eolr] 93] (2-aminoethyDbis(2pyr-
idylmethyDamine71 & =943 M2 F+x9 AMAMS BExAA S A (19
22).

EDCeHClI1.2 eq

1. Na,S0, 60.0 eq N phenylpropiolic acid 1.2 eq N
MeOH 0.006 M
NH2 N 30 min, rt DMFO.1M N

2.NaCNBH;, 2h, 1t o
3h, 1t NH s

s 50%
N No purification

Au(l) 0.6 eq, AgSbFg 0.6 eq N

Dioxane : Nitromethane =5: 1

100°C, 14 h s
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A9 i (Pb2+) AlA 9] R FE

3'/\0

T2 (Hg2+) AlAl 7

Thieno[3,2-blpyridin-5(4H)-one 3}8t&4-& 7|REC.2 3= 2 (Hge+) AAE
AAstR e A4 A4 M F (2H23).

Mel

4. Cationic polydiacetylene 7] T
e AW SAHAE 2 FE5U T2Y HES 91 PDA 7|nte] wjA gl &gl

6_;?) @ : PDA vesicle I :Hg?

I :lodide l tHgls

1924, Cationic PDAY] counteranion exchangeZ o] &3 &+

rlo

e AE mAE

 Cationic polydiacetylene®] $43:
- datotRly dEE R eEE Tuo] Zk= 2F ¢ diacetylene GFAE AT
- 8 GFEFAES o] &3l EAo) A vesicleS THE F photopolymerizationg o] &

3l 8 9 T ol&L counteranion®. & 2zt cationic PDA (PDA-1)E A3}
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a) AN
( N:N,‘-\.‘,"": H
Chth PCOAEDA
o 2 5
NHS, EDC j:\?
7T —
CH,CY i o
1 -
PCOA PCOANHS
\ “xn’\/" }2/—‘AL EH‘! KL,
CH,EL cn,cn
PCOA-DMEDA
I = |
L] E
N 5
A 1. Sonication in water UV irradiation
e e — — e d
I~ 2. Filtrati
AN . Filtration
‘/}7’& i F 3. Incubation at 4°C
DA monomers Clear solution Blue solution
(PDA-1)

1925, (a) Diacetylene ©H&A] AW

, (b) Cationic PDA 34

Geol e g PDA-1e] BEHEA W3 el
- ohepgk 0] £9) ol ek PDA-19] FHE L P54 WsE
- ool wxol weh AwAHos PDA-19) Fstgol WaRe H9
AP E S PDA-1°] 8.6 uM 9 AEIAE Z+ s U3
(@) B)y g
l-I..
0.8- -
§ £ i
g EO.E- [
=] ™ "
7] . 0.4+
- 3 .
< .24 . . -
%0 430 %0 S50 o0 oo 700 0T 70 30 4 s 0 70
Wavelength (nm) Concentration of Hg** (uM)
(e) (d)
5 300-
= = 250 L
z g ; ;
2 £ 200 L]
3 £ ] L]
= € 150 ¥
@ g &
% © 100-
o 23 g0 _.
5 o] e
3 e . ; - - - . . \
w 600 6350 700 750 800 0 20 40 60 80 100
Wavelength (nm) Concentration of Hg** (uM)
926, GFS w2 F2oA gge wE PDA-19 (a) $3FE % (¢
FA7Ie] Wl 729 sxe wE 54 GG (b)) F¥E 2L (d) FFA

a
-
NN
TH =
& |
1"

PCDA-TMEDA



—_—

H s}
0& F&ol2 it AgA & 2 FxE AEQMY F2ol A=
G FEoleo]l EA web PDA-1¢] Bty MEE <13, PDA-1]
seoleo s Agzoz Pty dol Wage el
stAg AWBIE QI3 St E F&ol AEo| Jted
TEE ANE APS T3 vxE ¢ F2o125 AT F UsE AU
a) —comer (D)
ne 1.0
0.8
8 g
é %o.s
] T 0.4
= =
< o2
. T T . T T = 0.0
400 450 500 550 600 650 700 d,\é&*ﬁ—“‘ £ﬁ¢%§@c§‘cﬁ§éééc§éﬁg
(c) Wavelength (nm)

------

Con Hg?* HNa* Ba?* Mg?* Pb?* Co?* Cd?* Mn2* Zn?* Ca?* Ni?* Cu?* Fe?* Fe3*

1927, (a, b) 3 TFEol 93 4% W3k () 2o 93 PDA-19 A

H 3}

ik
u)

9 AFNEE F3¢8ko SCIF A #d<l Tetrahedron Lettersell =21
3138}8} 3] A 1403] <t 3|o] EZAE R 43,

s

=

5. Hydroxylamine 7153} polydiacetylene 71%t2] heptanal ¥4 AlA 7))

A Bl thFow EASH: AL AAAEL heptanale] &S $15) PDA

Z1qke] B A E g
Aldehyde 27 ZHZol A= hydroxylaminee =% PDAS @4l ste

heptanal& Agx o=z HE3
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» Heptanal &<

&3l Zetoll hydroxylamine % quaternary ammonium-g

Zr=
diacetylene monomere] &A4E FA3Ha(l, 8), o|E 7|¥FS.Z2 PDA liposomeS
g

. ChzCl, NEt; i
B " Nmger T" ©/\o H/\/\Br
r DBU l 8 .a PdIC, H, &
(91%) Tzor "o Ir \]/ V HN~"0 Ir \f
R S RONIERS ,LOJQLN,OH | ’ ,
THFIH,0 (1:1) H
(76 %) {98 %)
6
(56 %)

4, NEt; i w,ﬂ o s i g e
—_— 7 H :l’f Y ELO 3 # H
DCM Z Zd
@ g
o
i EDC, NHS i ";j 2 1
P o —— M N
P oo M/HM\” J (98 %) (83 %)
r! a o r
5 WA ‘ Mel, K;CO; A
5 - s el Kl ’}/*'#LH/\” L
(95 %) L] # AcH M
d ;
[] [
(74 %) (99 %)

Z1929. Hydroxylamine %

quaternary ammonium-< %+ diacetylene monomer
o

 Heptanal #7441 %-& %3] hydroxylamine& 2t= PDA liposome2] A %
= W3E A2, PDA liposomee] oF 4.8 uMe A& SAE 7S &gk

Eul

A ¥4

ook

o
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o
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0.7 q —0uM -
5uM L
10 4 ne

15uM i

0.6

—20uM 0.8 " L]
30 uM

3 0.54 J 35 M

: =Y -

8 04 —bm 3

a - 50 M -4 i

] —355uM -

2 o3 —?g-;: §°5' .
— 70y

< o <

0.2 0.5 .

044

0.0 T T T T f 1 T T T T T
450 500 550 600 650 700 750 0 0 49 60 80

Wavelength (nm) Concnetrations of Heptanal (uM)

2930, (a) T3 5=2] heptanalol A PDAC] &3 %= W3} (b) heptanal & %=ol
w2 543, 637 nmol A §F % w]e] W3 gz

e A aldehyde &}3&Eo] tigh Ad8l4d &<l ¥ pactical sampled] heptanal®] 7
=

« PDA liposomee] Aujell wo] EAsti, #2 carbon chaing Zte
formaldehyde, acetaldehyde 5o thal AdeiAe] A& A3

 Serum sample d&< T 2 A7k AW heptanal HEel S87FsAH< 7t
e A

a] 0.75 -

0.70 4 b]

0.65 4

— St b A At S Toa— 3 ; =

\ A & ¢ @
& 9 ‘é‘m _@Q .‘\'P ‘},O'P‘ {\"P .5\“ o @@e v‘éb
045 [9) qu g @&' ,a@ ,‘}bb &&p & ﬁ.bﬁ ; @\b”
& 0\}6‘ (ﬁo“ & Qo'é@ & &
0.40 4 q

6&»5?@@&“@@‘#‘“
‘\‘}qf‘& '«f‘ae}‘*

1931, a) vt carbon chaine

S zt:= aldehyde©] W3k PDA liposome? &3 %
W3} b) AMRsE

-
23 Hel Al heptanal 7

h 84
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6. Caged-biotin &34 F=A9 aviding ©]-&3F chemodosimeter 7%t

Biotine avidin®} wj-$ =& ZA3¥HS 7IA Y, caged-biotine avidind} ¢Fst 2
s 7M.

Caged-biotin §% HF=A9 +x5 =4, el Aglx oz 783l biotin-
FF FEARE &g AgEH= 725 HACL olE 7Nt IS A
W3tz g}

Avidin v
Analyte ¢
F T) B! F _— | & )
“Caged-Biotin”
Low binding affinity to Avidin High binding affinity to Avidin Fluorescence On
: Biotin
F :Environmental Sensitive Fluorophore
1932, Caged-biotin 333 F=A 7|9 &stAlA EAE
a9 3204 d5d AN TS A8 Adsdew AAHLS FFEE A

A3t
(Dimethylamino)naphthalene-1-sulfonyl ~ (DANSYL)®}  4-Sulfamonyl-7-amino-
benzoxadiazole (SBD)E zt+= biotin-&% F=AE &4 6, 7)
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NNz

o o=4=0
o=s=0
[y — e
DCM N
N 81% 7S
Dansyl chloride 1
[]] ci H cl
e CISOzH N AN
X T e =P = L
N 81% DCM =
5
o=s=o 85 % o=s=o0
|

1

Et;N, DMF
60 %

o o
KNJLNH DCC, NHS HNJLNH
"2 i" DMF Hz‘ i,," oo M
s --,/\/\IrOH 75 % s /\/1'/ b
d-Biotin 5 ¢
4
Et;N, DMF
3%
133 B8-S TS 2= biotin- ¥
o Streptavidin A4 5o W& 6,7 Z7t2] FFE
zZk= 70l B F& £&8 Hole As #lgh
|
NS

N no O
5 "'r/\/ﬁur ‘\/\ﬁ’ \\o
(a)

——Dye 5 uM
204 ——Dye5 uM + Streptavidin 1.67 uM
164

121 2-fold increase

04
400

Fluorescence intensity (a. u.)

500 600 700

Wavelength (nm)

1934, Streptavidin <4 F5°l W& biotin-& %
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HEN/\/NHz "
- = =My
MeCN =\’
99 %
Q=I=O
/N\

H H
:./\/\g/"\/\u»\\o
6
o
HHNJ(NH S St
i
/\/TN\/\H
7
Z freA FH
A& g2l SBDE Alsgoe =z
Ji
0 |
g R
2":{'" " %
N
R
5 /\/T u
& ——Dye5 M
. 104 ——Dye 5 uM + Streptavidin 1.67 uM
]
:,:: 60-
@ 5
2 ;
£ 404 3-fold increase
3 304
£
S 201
o
= 104
]
3
L 500 600 700 800 900

Ho

Wavelength (nm)

TAH9 gy ~HED ()



DANSYL %A, (b) SBD %A

EbAl 7H$ reaction unit®] §4 2 caged-biotin F=A TA

- B4 Jold &St AdYAH o R decaging B U+ silyl FEAE FA
S}
.
- CDI coupling® ©]&3}l4 silyl F=4E *33l= caged-biotin F=AE T4
3}
.
- @A caged-biotin FFF=A FAH P Foln, FAdo] 4xHA A<t 3}
Sz $4ATE FAT .
o [
HN}LNH AcCl HH’LLNH
H H OH MeOH H OMe
g gf\/\‘g Esg/\/ﬁg
d-Bictin B
X
Imidazole, TBDPSGI CHO NaBH, ol col N‘%"
’©’ TEOPSO MeOH TBOPSO CHaCly TBDPSD’©/\) ~
] 10 1
(80 %) (BT %)

a

- 11 NaH

H

NH
H

TS reea”

0°C, CH,Cly Q/\n /\/\L{

TBDPSO

(54 %}

935, Silyl FE=AE 23 e

caged-biotin %= A 2]

(92 %)

i

X parts per Million - Proton

. 'H NMR spectrum of 12 in CDCls
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A 3 A g3l AlA A

1. F-actin, vimentin A1 &% & 3 n}o]

QA A
Phalloidin 7149t F-actin A 8]2] & gnlo] e AlA 7
Phalloidin® Amanita phalloidesoll Al #&]® IHAIE tial g 54& Kol

il

= AAEZA F-acting AeA o8 Agste] AAAIE IS a1 QY
. °olEd EAE S&tHe =¥ A A o Ao FFd
A%9 phalloidinfr=A 0] F-actin XA o= A= AF. FFEA0]
-3+ KIOST-Fluor$} phalloidin®] ZAgS Ha) M EE F-actin FAA S
NEst719s 3 22 FAFEES 53 ExEAS AL dA F
FAT FEUQ AAdste oA AAus AFHNA ASEEES A
& T (LE3D.

0% N-T N L MH

W0 — v | H

KF-P1

[

"0

1937, A E phalloidinZ] ¥+ F-actin 4] A 2F¢] &4

Withaferin A7]HF F-actin @33 3% A A|eF 7]k

- Withaferin A= Withania somniferoll A 2g]5 3Fet 3d= dABygAd A &

Ae zha e AAEZA od gl vimentin®] cysteine residueet 7

FALE T3 AAEE FoE d#A . Withaferin A= 13k 2

A GdZII7F ANl EAEER dgAdol Z 1x 4F HE FE
ER

KIOST-Fluor @3t d4d0] 7 (L7 38).
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4§ i Ml ¢
Y ; { i
=0 f D’ ™
HO LA '('h OH
i
(L]
% r N._ .0
Mao— By | ] A-pytrolidinopyidine
' = DMF. 50 = 80 "C, 1.5
L0
o o Y S

NMR Spectra

CDCI3-7.260 ppm

v/

_.ULMU___JJ_JM # S ¥,

. g N
& b ;Ill . | .I-\,
] 8
HO, { MH |'|
. c|\| | o £
(=] } |
| [0 \
) 0
A erw o,
O P
|
{ o

[0 ) 0

0.6 mg KFw1

i

21938, Withaferin A”7|4¥F F-actin 333X A ¢F 43 NMRU| ©] H

st 9 withaferin A-KF 2342 A4 A Eo] Agste] 233 Azt &34
o]l FUshe AL #EEH 2y vimentin siRNAZ knock-down® Z71 9]
ME FFAAE olmAE #ES S (IH39). o= Withaferin Ae} A3}s}
71 98 Aem o ~HZ7] (esten7} rEEso] FAEAZRE R
KF&geo] njdddo s Mezoidy Agtstr] wjio dagsts EAol2
2 ol& A &l ol =EH 2771 obd oH| Z(ether) 4oz AgdE Al

3}7]
v ALAE 448 T (2 H40).

f
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WFA vimentin probe H&%0[Z 22 23t | Vimentin siRNAX] 2|12 stof Vimentin knock
#NC : negative control
#Pooled : #1~#4 vimentin siRNA oligoE 440 A

- - e
He|s 2

WFA probe0] 2|3t sngnaltﬂg}g 2tEs
<A549 o 4] Vimentin siRNA# 2] >

NC #1 #2 #3 #4  #Pooled =

Vimentin _! - ¢ A

1939, Witharein A-KF A& 9 4757534 (AA st AF)

o)
(o]

o \ /23 \
/ \ o Ester-type ome {/ N e] Y Ether-type s
o ol— o R
HO ©! — |
(o]
KE-W1 H N KF-w2 o S
7 == =
o \ N— o@\Q\

1940. Withaferin A9} KF9] 7I&EE T3 Fa & WA 7] gk A/ =A
5140
H O

2. Caged-artificial peroxidaseE ©]-& 3%+ chemodosimeter 713

[Mn2(2,6-bis((bis(pyridin-2-ylmethyl)amino)methyl)-4-methylphenolate)]*
(Mn2(bpmp)F*) 71 2% EFAE H0, A dtolA 71d& 43A 71 3
sl aet e A4S 7HA A S

o] 5% A AYE B AdYgdo=E ZHEste AATDCE pro-
tectionsle] 91 #4ksta 4 S-S Aslsta, A o] thA deprotection
HAS o JdF stas G40 2-EH= AE 58t gAS AEse A
22 38 AA FAHES Adstat g
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Deprotection by Analyte Chromogenic
substrate

- —— > _Abs. change
\|‘q M an 9

H;0,
o'

4 "4" N/ '\ AR AN D
Q\ Q Analyte, Mn?* _N' 4 ‘.( N
N N
i ; Fluoroogenic
R g

substrate

Fluoroscence change
Peroxidase-like activity

H;0,

1941, Caged-artificial peroxidase 7]4%F chemodosimeter 7R3 H2 &=

o Caged-bpmp ligand &4 % artificial peroxidase &4 <A &3 <l
- 2414 AFgd A RS st Pd0) oo AdEAR o=
deprotection®txz &% allyl groupS Pd0) o] JAATHOZ sl allyl

groupS. 2 protection® caged-bpmp ligandE ¥4 .

/ =
£ S N__= 5/ | =N
HO' & /'“‘Vu' 0 G\ﬁm N 10“-‘ 9
cho, DMF TEA, THF E"j) # k“’\Nj
= =
Allyl-bpmp
(A-bpmp)
142, PA(0) o] 2o Aelx o g 7F83E QA @O E protection® caged-bpmp
ligand &4

- Caged-bpmpel| A4 artificial peroxidase &4do] A= =A &R1st7] A5+, 9
a9 2004 A<t allyl-bpmp (A-bpmp)¢} 7k hydroxyl groupe] == o]
= H-bpmpe] artificial peroxidase &4 2 vl w3k

- H-bpmp ligand~”} artificial peroxidase &4-& Ho]l&= Mn2+o], H202, pH 7.0
buffer =7 3tellA v 7]Z<l ABTS o] wW3lsl=A lstA<s o,
H-bpmpe] 7§ ABTS7} artificial peroxidaseol 2J3l 4Fsl= o] 417 nm

_‘%‘_
7} S7Fek= ®HH caged-bpmp ligand®] 739 artificial peroxidase &
100% A== AS A%

3=
3

o]
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|
OH J o
N
N N_ N N
P L2 » |
H-bpmp A-bpmp
(a) oz (b) o2
—— O min —— O min
A —— 30 min —— 30 min
0.20 5 0.20 4
L] o
g 0.15 g 0.15
a 3 Inhibition of
2 Abs. increase o artificial peroxidase activity
a 010 o 0.104
< =
ﬂ‘05-$ OIOS-
0.00 T ¥ ] 1 0.00 T T ) 1
400 420 440 460 480 400 420 440 460 480
Wavelength (nm) Wavelength (nm)

19943, BPMP ligand®] =% o]l A% #2] 9] hydroxyl group protection®l] w}&
artificial peroxidase &4 W3l a) H-bpmp ligand A}-&, b) A-bpmp ligand A}-&

+ Caged-artificial peroxidase 714+ Pd o] HZ
- A-bpmp<] allyl group deprotectionS $3] Pd(dba))E ©]-&3te] PA0) o2
FFS U3
- Pd(0) o] AA|7} artificial peroxidase &/del d&F& F71 FA¥H A-bpmp
7} PA(0) o]£o] Y& w] Mn* o]& Qlo]% artificial peroxidase &4-& H.o]
© o= &g, Allyl groupel #i#1= Pd0) ol22] d&Fo= Hzhd.
- =% o9 %% bpmp ligande} Agtstle W w kst artificial peroxidase
de Hol7] W&ol Bl HE 80| & ALz AYZHo], *-E& anion
g AA TS =43+ caged-bpmp ligand A J& =

LUy
3,
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0.35
0.30 -

£ tg
b 83 te £4 &
4
0251 : LE 2 ¢ 3: H-bpmp+Mn2* / 5: H-bpmp+Mn2++Pd(dba)s

0.20 -

dai] RE R 4 | 2: A-bpmp+Pd(dba), / 6: A-bpmp+MnZ++Pd(dba),

Abs. at 417 nm

i 4
0.10 P 4
005 ¢ ¥

0wl Yvvyvveyvevevvvyvvy 4 Abpmp+tMnZ

| | L

sl IIIIIIIIIIIIIIIIT 1: H-bpmp+Pd(dba),

0 300 800 900
Time (sec)

1844, PA(0) o]0l 23+ caged-bpmp ligand®] artificial peroxidase &4
gk v

3. Thienopyridinone library 7]%¥F human serum albumin 333 AlA 7Rt
« Thienopyridinone library 7]%F blood protein Z~=2]d
- BapAol A 73 thienopyridinone libraryS o]-&3le] EX wul o) tfs)
Hold M-S Zte 33 3AAE Ndstr] sk, 1" 59 14 79
34 EAE o] 83to] blood W E2 HE&E =A== F8 blood proteingl
human serum albumin (HSA), bovine serum albumin (BSA), globulin,
fibrinogen, transferrin 5 7 F®/ ©¥ A tisty 3 MW 23dS 3

3 ©
343k,
| d |
N0 b0 N_o N0 r° N_o ° o
¢ ¢l @—o 7 o] ¢ T o 7 o A
§NF s 5 4 5T s ~
o = g
b oo~ N 00" 0”0 A o 070" o
1a 2a 3a 4a 5a 6a
N_o
o N ¢
—

9b

t 14 712l thienopyridinone derivative

1945, Blood protein Z~= 2]l o]-& 3l
S

-pH 5, pH 7, pH 9 3 7}A pH 274 dye 5 uM, blood protein 10 pM (& 3%
52 Oy 2 2HY of 33 WstE 2389 A9, b Edo] ] =4
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F. . at 550 nm (AU)

A HSACl H& AHAS Holn 3 Aa7t A S7kste A2 g9l
=)
.
pH 5 /ex 450 pH 7 / ex 450 pH 9/ ex 450
3 .
ctrl 1ctrl 2 1 2 3 4 5 cti_1ctd 2 1 2 3 4 5 ctrl 1ctrl 2 1 2 3 4 5
‘ 1. HSA
N__.O
ﬂ g 2. BSA
JN4®—<5 |/ E
3. y-Globulin
07 "OH s
4. Fibrinogen
5. Transferrin

Z1946. Blood protein®] tdr 9be] 3 w3} gl Ay
¢ 12 blood protein 2= E|dS S A" 9b E&L ©]&3t4 human se-
rum albumin (HSA) 833 AAE NL3tr] fsted FAAA 83 AA s =
s A3

71E2] HSA &3 AMES Be EAE #¥3]3 & bovine serum albumin
(BSA) o] 7E&HA &t wAE dZAst7] fsl, HSA/BSA F+&°] 7Hd FRT
pH 9, 10% DMSO =34 HSA #H= dd< WP
(a) pH dependency (b) DMSO percentage
140: 400 Il SA 2 eq.
o e
: £ )
B 404 = 100 4

pH5 pHG6 pH7 pH74 pHE pHY 10% 5% 1%
DMSO percentage

147 9b B A S o] &3 HSA/BSA T <l 49 a) pH 93 &9l
b) F71&v (DMSO) B & 943 gl
9 E2& o83t HSA A 7HsA S Fedstal, HSA }—XH/\] KRy /ﬂiﬂ
Hd 160 8} F7tst= AS A3 9 EHe
urine W] HSA HEo AT & A& A%
H HSA 333 AlAet g s wo= wjg o
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[HSA] (uM)

il 450 704 R square = 0.993 &
= 20 60 8
& 10 5
@ 3001 5 = 504
=
= 3 E a0
£ 1 ©
& 0.8 3 30
s 05 L
B ] 03 = Detection limit (307k)
5 0.1 0] =4 nM
=1 p
2 3.05 e -
o T T T T 1 L} L} L) L] L) 1
500 550 600 650 To0 750 800 0.0 0.2 0.4 0.6 0.8 1.0
Wavelength (nm) HSA] (uM)

=

13848, 9b E4& 0] 83 human serum albumin Z % ¢l 2 A= 37

ht

o 12 23gdolA] APPH 5 72 F2 blood protein ¢ blood ol A &
A= ohE proteinsol thek AEld gl AFS YT, HSAC =L Heg
T I.

2ol Fege #He

2 3}

e HSA9] th3k 9b =7 ¢| dissociation constant (Kd) =3 Z3}, 8.77 yMZ 9bE=
o] HSA 7}3}A bindingst= Ao 2 3ol
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F.1. at546 nm (AU)
- 8 8 8 8B EEE

T T T T
o 5 10 15 20

[3b] (nM)

1950. HSAoﬂ gt binding constant

%

g Ay A=

9b EZ o] HSA9 @J%‘Pﬁ: FEFTE g5kl fste] Job’ s plot AF A
1:1 bindingyd & &<t o2 7}A] ligand binding site ol oj® siteoll
Adtsl=x] Fels}r) Ha}oq 712 Z ¢8R site-binding drug?! ibuprofen
(site 3A, 1A), digitoxin (site 3A), warfarin (2A), salicylic acid (2A, 1A)E o] &
st AA 233 A3} ibuprofen, digitoxin¥} f-AFgF binding site (3A)o] Ag

e Ao el

;>
Lo

—
j<3)
o

(b) ]

g

P
S
=
Ba
1

=
Y
I

F.l. at 546 nm (AL)
F.l. at 546 nm (AU)
=r]

:

b
=
"

D.I‘1 D.II ﬂl.3 D.Ial D-.IS D.IEL 'D.I? O.IE 0:9
[9b)/[9b+HSA] F 8

1951, a) Job's plot A8 A3} 2 b) 79 HSA binding site &< 23
7&4

EZo] AA MZANAE HSA A= &8 7153*
ficial urine wWolA ZHHRlel AHEsA HSA H
Albuminuria A% & 7]1&<0 30-300 mg/L +F<] HS

e

Ul HSA <<l 5 mg/L (¢F 380 nM)e] @& 5% 4714 artificial urine uj ol
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- o = -
A AE s des &<l
30 <
B in distilled water
25 < & in artficial urine
£
c 204
w
g :
0 454
e}
o
o
L 104
= |
51 n
==
04

0 100 200 300 400 500 600 700 800
[spiked HSA] (mgiL)

“1952. Artificial urine2 ©| &3k AA] A5 Y

HSA 4% 7bs2d %9l 4% 2t

9 AF YE&S =t @A thienopyridinone 7]1¥F HSA A& &3 A4 7
kol ot =& T3 &1 3.

- Ca2+ol2 Ao F2, f32 24, AX AE T Axe 7|24 7|5
&, AABAZAA AlF2o &F3 =415 (depolarizing signal) g
of #Aste T8 AAY. WA AE Y Ca2+olF =9 AL Mxd
ARZMEe AF wMAUES olaistrIHs 5a%. KIOST-Fluor 7]
Ca2+o] 2AXE 7NEstr] 98l Ca2+olo Adgxq oz Aol (chelation)
3= Aog dex = BAPTA ((1,2-bis(o-aminophenoxy)ethane-N,N,N’,N’
-tetraacetic acid)E <QIAGC = sty ZFAEAE A1 FHS FIFTY
(Z2E53).

' ol
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@_(jg hydrolysis
OMe

R' = Me, Bn: R = MeO, Et,N R'=Me, Bn; R? = MeQ, E,N

amide coupling,

hydrolysis MeOsC OaMeMeaQ,C CO.Me

c
L

R L
/ N O
R? $ I/_, O, /\@

o7 TNH
| Pd/C, H
0] o) ;

] M MBOQC CDQMB‘MBUEE COQME

“19153. Calcium specific chelator?! BAPTAZS A @Oz =3k Ca2+o]=4lA 9
A A

¢+ BE RF 8] U Ake WIEOR AgPon, WEe FARYE AXA
IS EF FINEEAS 915 0.25mm Aejzhdo] Nt B FABE A&
s AyasrEdIdsls Y (70-230 W4De Agstel AT &

i=]

« 'He} BCe ~#E"Y do|e+ Varian Unity-Inova 500MHz¢} Bruker 600MHz
W27 FHEZ 7S AFESte] d1S. Chemical shift= CDClollA CHClz (8
7.26)9} dimethylsulfoxide (DMSO-dg)ol 4= DMSO (5 2.50¢} ¥lmate] § (ppm)
G5 AMEStH, A% Ao HZE eSS, 5538 332 5531 5737
712 Z1E3 0w, BAYSHA L. LR THAFENIE a2 HgATd
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o] ¢]=Eslod magenetic sector-electric sector double focusing mass analzer
and electron ionization,and Fast atom bombardment REZ =A<, F=
g2 EAL (F7, WE o7, FAEEH EA534 <) Shimadzu UV1650PC
<} % B33 =4 Scinco FS-2 (Icm quartz celDZ =439 <.

2. &4

& 2a, 2bell oIk AwkA<l AW U= methyl 3-ami-
no-5-bromothiophene-2-carboxylate 1 (1.00g, 4.24 mmol, 1.0 B=)S DMF
(N,N-dimethylformamide, 40mL)ol] &A1zl &, NaH (60% in mineral oil dis-
persion, 237 mg, 11.9 mmol, 1.4 G 0 ° CollA H7Ig +, 108 &<
kel Rk 3 methyl iodide€ (343 pL, 5.51 mmol, 1.3 T3S A7} st A
2o A 18417 wHEE ¥Ego] AEH, & (50 mL)E ¥ il EtOAc (ethyl
acetate, 50 mL)E 3 FE3. Lo {7152 7 NaSOE Az, o34, 7
Y TSt AP ARvtEIHIS Sk 1A F3E 2a (783 mg, 3.13

mmol, 74%)E AL

- Methyl 5-bromo-3-(methylamino)thiophene-2-carboxylate (2a): *H NMR (600
MHz, CDCl3) & 6.67 (br s, 1H), 6.63 (s, 1H), 3.78 (s, 3H), 2.93 (d, / = 5.5 Hz,
3H); C NMR (150 MHz, CDCly) & 164.4, 156.5, 121.8, 119.5, 99.2, 51.3, 31.7;
teole= £l Bad A3 A3

- Methyl  3-(benzylamino)-5-bromothiophene-2-carboxylate  (2b): SW¢&E3
benzyl bromide (1.59 g, 9.32 mmol, 1.1 Z#)S AF&3le] kA 14 33HE
2b (1.71g, 5.24 mmol, 62%)E AAL. m.p: 76-77 ° C; H NMR (600 MHz,
CDCly) & 7.31-7.29 (m, 2H), 7.25-7.20 (m, 3H), 6.54 (d, / = 1.2 Hz, 1H), 4.38
(d, /= 4.2 Hz, 2H), 3.75 (s, 3H); C NMR (150 MHz, CDCly) & 164.3, 155.4,
138.5, 128.9, 127.6, 127.0, 121.8, 119.9, 100.1, 51.3, 49.0; HRMS (ED: m/z
calcd for C13H12BrNO2S [M]+ 324.9772, found 324.9774.

313tE 3a-3sol oIk dWrEd FAWH: U= 2a (250 mg, 1.00 mmol,
1.0 Z#H)& EF 4 (25 mL, 0.25M), phenyl boronic acid (146 mg, 1.20 mmol,
1.2 &%), Pd(PPhy), (50.9 mg, 0.050 mmol, 0.05 ¥z} sodium carbonate
(127 mg, 1.20 mmol, 1.2 F&)<S =< 33 F7FF 1 mLE FH7ista ¥k
=S 110 ° C =00 7tE3ste] SAIZE?E wntkgt whgo] T4 $, 33
F4 6 mLE Y& %, EtOAc (ethyl acetate, 4 mL)Z 3¥H FE3F Loz
712 ¥ NaSO2 Az, o3, 7 35 29 a2vE 18931
& =@ 14 3gE 3a (128 mg, 0.517 mmol, 52%)F AYS-.

2 do ofN rfo
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- Methyl-3-(methylamino)-5-phenylthiophene-2-carboxylate (3a): H NMR (600
MHz, CDCly) & 7.64-7.62 (m, 2H), 7.41-7.39 (m, 2H), 7.34-7.34 (m, 1H), 6.85
(s, 1H), 6.68 (br s, 1H), 3.83 (s, 3H), 3.02 (s, 3H); “C NMR (150 MHz, CDCl;)
& 165.3, 157.5, 149.8, 133.7, 129.0, 128.99, 126.1, 111.7, 97.5, 51.1, 31.7; ©]9]
BE B3oA Hud Ax X3

- 2.2.2 Methyl-(4-methoxyphenyl)-3-(methylamino)thiophene-2-carboxylate (3b):
SUEZ 2a (600 mg, 240 mmol, 1.0 T, 4-methoxyphenylboronic acid
(437 mg, 1.84 mmol, 1.2 B=), Pd(PPhs), (139 mg, 0.12 mmol, 0.05 T ),
0.4M sodium carbonate (7.2 mL)2} EF< (9.6 mL)S Ar83st] E2 A
oA 3b (404 mg, 1.46 mmol, 61%)S LAS. mp: 138-139 ° C; 'H NMR
(600 MHz, CDCl3) & 7.56 (dd, /= 6.9 Hz®} /= 2.1 Hz, 2H), 6.92 (dd, / = 6.9
Hze} /= 2.1 Hz, 2H), 6.75 (s, 1H), 3.84 (s, 3H), 3.82 (s, 3H), 3.02 (s, 3H); C
NMR (150 MHz, CDCl3) & 165.4, 160.5, 157.7, 150.0, 127.5, 126.5, 114.4, 110.7,
96.7, 55.5, 51.1, 31.8; HRMS (ED: m/z calcd for C14H15NO3S [Ml+ 277.0773,
found 277.0772.

- Methyl-(3-methoxyphenyl)-3-(methylamino)thiophene-2-carboxylate (3c): =%
=2 2a (300 mg, 1.20 mmol, 1.0 B=), 3-methoxyphenylboronic acid (219
mg, 1.44 mmol, 1.2 &), Pd(PPhsy), (69.4 mg, 0.06 mmol, 0.05 BF&), 0.4M
sodium carbonate (3 mL)2} EF9 (4.8 mL)S AM&3ste] =2k A 3¢ (218
mg, 0.786 mmol, 66%)2 AU m.p: 49-50 ° C; 'H NMR (500 MHz, CDCls)
§ 730 (t, /= 8.0 Hz, 1H), 7.22 (dt, /= 7.5 Hze} /= 1.1 Hz, 1H), 7.14 (t, J
= 2.0 Hz, 1H), 6.90 (dd, / = 2.5 Hze} /= 8.0 Hz, 1H), 6.84 (s, 1H), 6.66 (br
s, 1H), 3.85 (s, 3H), 3.82 (s, 3H), 3.02 (d, / = 5.5 Hz, 3H); “C NMR (125
MHz, CDCly) & 165.4, 157.6, 151.2, 150.9, 134.5, 129.7, 114.6, 113.3, 111.7,
110.0, 97.2, 51.2, 40.7, 31.8; HRMS (ED: m/z calcd for CI14HI5NO3S [M]+
277.0773, found 277.0775.

- Methyl-(2-methoxyphenyl)-3-(methylamino)thiophene-2-carboxylate (3d): &4t
=2 2a (300 mg, 1.20 mmol, 1.0 B=), 2-methoxyphenylboronic acid (219
mg, 1.44 mmol, 1.2 ¥%), Pd(PPhsy); (69.4 mg, 0.06 mmol, 0.05 B, 0.4M
sodium carbonate (3 mL)2} EF4 (4.8 mL)S AL&3le] =gk Hx 3d (217
mg, 0.782 mmol, 65%)2 9%lS. 'H NMR (500 MHz, CDCly) & 7.67 (dd, J =
7.5 Hz¢} /=15 Hz, 1H), 7.32 (t, /= 7.8 Hz, 1H), 7.05 (s, 1H), 7.02-6.98 (m,
2H), 6.70 (br s, 1H), 3.95 (s, 3H), 3.83 (s, 3H), 3.03 (s, 3H); “C NMR (125
MHz, CDCl;) & 165.6, 156.7, 156.6, 145.5, 130.0, 128.7, 122.5, 121.1, 113.9,
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111.9, 98.7, 55.8, 51.2, 31.8; HRMS (ED: m/z calcd for CI4H15NO3S [MI+
277.0773, found 277.0775.

- Methyl-3-(methylamino)-5-(4-phenoxyphenyDthiophene-2-carboxylate (3e): &
52 2a (200 mg, 0.800 mmol, 1.0 F3), (4-phenoxyphenyl)boronic acid
(205 mg, 0.960 mmol, 1.2 B2, Pd(PPhy), (46.2 mg, 0.04 mmol, 0.05 T,
0.4M sodium carbonate (2 mL)9} EF4 (3.2 mL)& AF&3ste] ¥ &A1
Al 3e (220 mg, 0.648 mmol, 81%)E AAS. m.p: 75-76 ° C; 'H NMR (600
MHz, CDCly) § 7.60-7.58 (m, 2H), 7.38-7.36 (m, 2H), 7.15 (tt, / = 7.5 Hze} J
= 1.2 Hz, 1H), 7.07-7.05 (m, 2H), 7.03-7.00 (m, 2H), 6.79 (s, 1H), 3.83 (s,
3H), 3.03 (s, 3H); ®C NMR (150 MHz, CDCly) & 165.4, 158.4, 157.6, 156.6,
149.4, 130.0, 128.7, 127.6, 124.0, 119.5, 118.9, 111.3, 97.1, 51.2, 31.8; HRMS
(ED: m/z calcd for C19H17NO3S [M]+ 339.0929, found 339.0932.

- Methyl-5-(benzold][1,3]dioxol-5-yl-3-(methylamino)thiophene-2-carboxylate
(3): =454 2a (400 mg, 1.60 mmol, 1.0 ),
benzol[d][1,3]dioxol-5-ylboronic acid (318 mg, 1.92 mmol, 1.2 Z&), Pd(PPhs),
(92.4 mg, 0.080 mmol, 0.05 Z&), 0.4M sodium carbonate (4.8 mL)¢} &F<l
(6.4 mL)& AFEste] €& = 1A 3f (319 mg, 1.09 mmol, 68%E LA
<. m.p: 124-125 ° C; 'H NMR (600 MHz, CDCl3) & 7.14 (dd, J = 8.4 Hz%} J
= 1.8 Hz, 1H), 7.09 (d, /= 1.8 Hz, 1H), 6.82 (d, /= 7.8 Hz, 1H), 6.73 (s, 1H),
6.00 (s, 2H), 3.82 (s, 3H), 3.02 (s, 3H); BC NMR (150 MHz, CDCly) & 165.4,
157.6, 149.9, 148.6, 148.3, 128.1, 120.3, 111.2, 108.8, 106.6, 101.6, 96.9, 51.2,
31.8; HRMS (ED: m/z calcd for C14H13NO4S [M]+ 291.0565, found 291.0567.

- Methyl-5-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-3-(methylamino)thiophene-2-car
boxylate (3g: &2EZ 2a (250 mg, 1.00 mmol, 10 B,
(2,3-dihydrobenzo[bl[1,4]dioxin-6-yl-boronic acid (216 mg, 1.20 mmol, 1.2 T
&), Pd(PPh3), (57.0 mg, 0.050 mmol, 0.05 =&, 0.4M sodium carbonate (2
mb)et EFd 25 mbS ARgste] €3 £33 =4 1A 3g (274 mg,
0.897 mmol, 90%)E AA-E. m.p: 50-51 ° C; 'H NMR (600 MHz, CDCl3y) §
711 (d, J = 2.4 Hz, 1H), 7.08 (dd, /= 8.4 Hz¢} /= 2.4 Hz, 1H), 6.83 (d, J =
8.4 Hz, 1H), 6.70 (s, 1H), 6.64 (br s, 1H), 4.22 (s, 4H), 3.79 (s, 3H), 2.97 d, J
= 4.8 Hz, 3H); C NMR (150 MHz, CDCI3) & 165.2, 157.5, 149.5, 144.5, 143.6,
127.2, 119.3, 117.6, 114.8, 110.8, 96.6, 64.4, 64.3, 50.9, 31.5; HRMS (ED: m/z
calcd for C15H15NO4S [MI+ 305.0722, found 305.0720.

- Methyl 3-(methylamino)-5-(3,4,5-trimethoxyphenyDthiophene-2-carboxylate
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(3h): E4E4 2a (485 mg, 1.94 mmol, 1.0 T,
(3,4,5-trimethoxyphenyDboronic acid (493 mg, 2.33 mmol, 1.2 Z %), Pd(PPhy),
(112 mg, 0.10 mmol, 0.05 B&), 0.4M sodium carbonate (5.8 mL)®} =F<
(7.8 mL)S ARg3te] =& 14 3h (438 mg, 1.30 mmol, 67%)S LUL.
m.p: 135-136 ° C; 'H NMR (600 MHz, CDCly) & 6.82 (s, 2H), 6.77 (s, 1H),
3.91 (s, 6H), 3.91 (s, 3H), 3.83 (s, 3H), 3.05 (s, 3H); C NMR (150 MHz,
CDCly & 165.3, 157.3, 153.7, 150.1, 139.2, 129.5, 111.7, 103.7, 93.0, 61.1, 56.4,
51.3, 31.9; HRMS (ED: m/z calcd for CI14HI13NO4S [M]+ 337.0987, found
337.0897.

Methyl  5-(4-(dimethylamino)phenyl)-3-(methylamino)thiophene-2-carboxylate
(3D): =0E4 2a (300 mg, 1.20 mmol, 1.0 T,
(4-(dimethylamino)phenyDboronic acid (237 mg, 1.43 mmol, 12 %),
Pd(PPhy), (69.3 mg, 0.060 mmol, 0.05 B&), 0.4M sodium carbonate (2 mL)$}
=549 (4.8 mL)e AFgste] @2 @k A 3 (194 mg, 0.668 mmol, 56%)
2 o9 mp: 130-132 ° C; 'H NMR (600 MHz, CDCly) & 7.52 (d, J = 9.0
Hz, 2H), 6.71 (s, 1H), 6.70 (d, / = 9.0 Hz, 2H), 3.81 (s, 3H), 3.02 (d, J = 5.4
Hz, 3H), 3.01 (s, 6H); *C NMR (150 MHz, CDCly) & 165.5, 158.1, 151.3, 151.0,
127.2, 121.7, 112.2, 109.2, 95.5, 51.1, 40.4, 31.8; HRMS (ED: m/z calcd for
C15H18N202S [M]+ 290.1089, found 290.1092.

Methyl  5-(3-(dimethylamino)phenyl)-3-(methylamino)thiophene-2-carboxylate
(3): =¢=4 2a (300 mg, 1.20  mmol, 1.0 T,
(3-(dimethylamino)phenyDboronic acid (237 mg, 1.43 mmol, 12 %),
Pd(PPhj), (69.3 mg, 0.060 mmol, 0.05 B=), 0.4M sodium carbonate (2 mL)<}
=59 4.8 mL)& AHg3te] @2 Wk 34 3j (194 mg, 0.668 mmol, 56%)
2 d9E. mp: 102-103 ° C; 'H NMR (600 MHz, CDCly) & 7.26 (t, J = 8.1
Hz, 1H), 7.00 (dd, / = 7.2 Hze} J = 1.2 Hz, 1H), 6.93 (t, / = 2.4 Hz, 1H),
6.84 (s, 1H), 6.74 (dd, /= 8.4 Hze} /= 2.4 Hz, 1H), 6.67 (br s, 1H), 3.83 (s,
3H), 3.04 (d, J = 5.4 Hz, 3H), 3.00 (s, 6H); ®C NMR (150 MHz, CDCly) §
165.4, 150.9, 134.5, 129.7, 114.6, 113.3, 111.7, 110.0, 97.2, 51.2, 40.7, 31.8;
HRMS (ED: m/z calcd for C15H18N202S [M]+ 290.1089, found 290.1087.

Methyl  5-(2-(dimethylamino)phenyl)-3-(methylamino)thiophene-2-carboxylate
(3k): =hEH 2a (200 mg, 0.800  mmol, 1.0 T,
(2-(dimethylamino)phenyDboronic acid (158 mg, 0.960 mmol, 1.2 ),
Pd(PPhy), (46.0 mg, 0.040 mmol, 0.05 &), 0.4M sodium carbonate (1 mL)<}
DMF (4.8 mL)& AR&3te] aka A 3k (174 mg, 0.599 mmol, 75%)& LA

_41_



<. 'H NMR (600 MHz, CDCly) & 7.56 (dd, J = 7.8 Hz®} /= 1.2 Hz, 1H), 7.28
(td, /= 7.8 Hz9} J= 14 Hz, 1H), 7.14 (dd, /= 7.8 Hz$} 7 = 1.2 Hz, 1H),
7.05 (td, /= 7.2 Hz®} 7= 1.2 Hz, 1H), 6.99 (s, 1H), 6.64-6.63 (m, 1H), 3.83
(s, 3H), 3.02 (d, J = 5.4 Hz, 3H), 2.68 (s, 6H); ®C NMR (150 MHz, CDCl3) &
165.8, 156.7, 151.9, 147.9, 129.6, 129.4, 128.0, 123.0, 119.9, 113.5, 98.8, 51.0,
44.3, 31.7, HRMS (ED: m/z calcd for CI15H18N202S [Ml+ 290.1089, found
290.1093.

Methyl 5-(4-(diethylamino)phenyl)-3-(methylamino)thiophene2-carboxylate (3D):
=3E2 2a (400 mg, 1.60 mmol, 1.0 =), NAMN-diethyl-4-(4,4,5,5-te-
tramethyl-1,3,2-dioxaborolan-2-yDaniline (528 mg, 1.92 mmol, 1.2 equiv.),
Pd(PPhy), (92.3 mg, 0.0800 mmol, 0.05 equiv.), 0.4 M sodium carbonate (2
mbL)¢} =7 (6.4 mL)& AR&3te] F3A1 <A 31 (490 mg, 1.54 mmol, 96%)
2 oS 'H NMR (500 MHz, CDCly) & 7.49 (d, / = 9.0 Hz, 2H), 6.70 (s,
1H), 6.65 (d, / = 9.0 Hz, 2H), 3.82 (s, 3H), 3.37 (q, / = 7.3 Hz, 4H), 3.03 (d,
J=5.0 Hz, 3H), 1.19 (t, /= 7.0 Hz, 6H); "C NMR (125 MHz, CDCl3) & 165.4,
158.0, 151.4, 148.4, 127.3, 120.6, 111,4, 108.7, 95.1, 50.9, 44.5, 31.7, 12.7;
HRMS (ED: m/z calcd for C17H22N202S [M]+ 318.1402, found 318.1405.

Methyl 3-(methylamino)-5-(4-(4-methylpiperazin-1-yl)phenyDthio-
phene-2-carboxylate (3m): &%E&E2Z 2a (100 mg, 0.400 mmol, 1.0 =3,
4-(4-methyDpiperazinylboronic acid (145 mg, 0.480 mmol, 1.2 equiv.),
Pd(PPhy), (23.0 mg, 0.0200 mmol, 0.05 equiv.), 0.4 M sodium carbonate (0.5
mL)¢} DMF (1.6 mL)& AR&3te] 24 34 3m (113 mg, 0.327 mmol, 82%)&
Ae. mp: 153-154 ° C; 'H NMR (600 MHz, CDCly) & 7.53 (d, J = 8.4 Hz,
2H), 6.91 (d, /= 8.4 Hz, 2H), 6.74 (s, 1H), 6.67 (br s, 1H), 3.81 (s, 3H), 3.28
(t, /= 5.1 Hz, 4H), 3.02 (d, /= 5.4 Hz, 3H), 2.57 (t, /= 5.1 Hz, 4H), 2.36 (s,
3H); ®C NMR (150 MHz, CDCly) & 165.5, 157.9, 151.7, 150.5, 127.1, 124.6,
115.5, 110.0, 96.2, 55.0, 51.1, 48.4, 46.3, 31.8; HRMS (ED: m/z calcd for
C18H23N302S [M]+ 345.1511, found 345.1508.

Methyl 3-(methylamino)-5-(2,3,6,7-tetrahy-
dro-1H,5Hpyridol3,2,1-ijlquinolin-9-yDthiophene-2-carboxylate (3n): =E2
2a ((100 mg, 0.400 mmol, 1.0 B )= dioxane:H,O (3:1, 1.6 mL)oll &3jAZ!
%, (2,3,6,7-tetrahydro-1H,5H-pyridol[3,2,1-ijlquinolin-9-yDboronic acid (96.0
mg, 0.440 mmol, 1.2 equiv.), Pd(OAc), (9.00 mg, 0.0400 mmol, 0.1 equiv.),
1,1°-bis(diphenylphospino)ferrocene (dppf, 22.2 mg, 0.0400 mmol, 0.1 equiv.)

9} Csp,CO3; (260 mg, 0.800 mmol, 2.0 equiv.)E #H7}gh ¥ EFES 110
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° ColA 71E3ste] 18A1ZF wwHAIZIT, HEZo] AEHWE, & 2 mLE ¥
DCM (dichloromethane, 3 mL)Z 3¥ F&3%. Ao fF715LS 4 Na,SO=Z
Az, o3, 74 s 2PazEntEagyste] 243 233 94 3n
(45.0 mg, 0.131 mmol, 33%)E AYL. m.p: 157-159 ° C; 'H NMR (600 MHz,
CDCly) & 7.08 (s, 2H), 6.65 (s, 1H), 3.80 (s, 3H), 3.19 (t, / = 5.7 Hz, 4H), 3.01
(d, /= 4.8 Hz, 3H), 2.76 (t, / = 6.6 Hz, 4H), 2.00-1.95 (m, 4H); *C NMR (150
MHz, CDCly) & 165.4, 158.1, 151.8, 143.8, 124.8, 121.3, 120.6, 108.6, 94.6,
50.9, 50.0, 31.7, 27.8, 21.9; HRMS (ED: m/z caled for CI9H22N202S [MI+
342.1402, found 342.1404.

Methyl  5-(4-(diphenylamino)phenyl)-3-(methylamino)thiophene-2-carboxylate
(30): &WEZ 2a (500 mg, 2.00 mmol, 1.0 ¥, (4-(diphenylamino)phe-
nyDboronic acid (693 mg, 2.40 mmol, 1.2 equiv.), Pd(PPhy), (116 mg, 0.100
mmol, 0.05 equiv.), 0.4 M sodium carbonate (3 mL)¢} EF4 (8 mL)S A&
3t =@ 314 30 (728 mg, 1.76 mmol, 88%)E UYL m.p: 69-71 ° C;
'H NMR (600 MHz, CDCly) & 7.94-7.47 (m, 2H), 7.30-7.27 (m, 4H), 7.14-7.12
(m, 4H), 7.08-7.04 (m, 4H), 6.77 (s, 1H), 3.82 (s, 3H), 3.02 (s, 3H); “C NMR
(150 MHz, CDCly) & 165.4, 157.7, 150.0, 148.8, 147.3, 129.5, 127.2, 126.9,
125.1, 123.7, 122.8, 110.6, 96.7, 51.2, 31.8; HRMS (ED: m/z calcd for
C25H22N202S [M]+ 414.1402, found 414.1404.

Methyl 3-(methylamino)-5-(4-(trifluoromethoxy)phenyDthiophene-2-carboxylate
Bp: =4¢EZ 22 (400 mg, 160 mmol, 1.0 equiv.), (@-(tri-
fluoromethoxy)phenylDboronic acid (395 mg, 1.92 mmol, 1.2 equiv.), Pd(PPhj),
(92.0 mg, 0.0800 mmol, 0.05 equiv.), 0.4 M sodium carbonate (4.8 mL)9} &F
a (6.4 mL)S A3t @A wx) 3p (365 mg, 1.10 mmol, 69%)E AU}
m.p: 68-70 ° C; 'H NMR (600 MHz, CDCly) & 7.64 (d, / = 8.4 Hz, 2H), 7.24
(d, /= 84 Hz, 2H), 6.83 (s, 1H), 3.83 (s, 3H), 3.03 (s, 3H); C NMR (150
MHz, CDCly) & 165.3, 157.4, 149.7 (q, / = 1.9 Hz), 148.1, 132.6, 127.6, 121.5,
120.6 (q, /= 256.1 Hz), 112.3, 98.2, 51.3, 31.8; F NMR (600 MHz, CDCly) &
-57.8; HRMS (ED: m/z calcd for CI14H12F3NO3S [M]+ 331.0490, found

331.0490.

Methyl  3-(methylamino)-5-(4(trifluoromethylphenylthiophene-2-carboxylate
By: =UEZ 22 (400 mg, 160 mmol, 1.0 equiv.), (4-(tri-
fluoromethyl)phenyDboronic acid (365 mg, 1.92 mmol, 1.2 equiv.), Pd(PPhj),
(92.0 mg, 0.080 mmol, 0.05 equiv.), 0.4 M sodium carbonate (4.8 mL)$} &5
A (6.4 mL)S A&l €& ek 1A 3q (345 mg, 1.09 mmol, 68%)= &
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A mp: 93-95 ° C; 'H NMR (600 MHz, CDCly) & 7.72 (d, J = 8.4 Hz, 2H),
7.64 (d, J = 8.4 Hz, 2H), 6.91 (s, 1H), 3.84 (s, 3H), 3.04 (s, 3H); “C NMR
(150 MHz, CDCly) & 165.3, 157.3, 147.6, 137.2, 130.7, (q, J = 32.5 Hz), 126.3,
126.1 (q, J = 3.7 Hz), 124.1 (g, J = 270.6 Hz), 112.9, 98.8, 51.4, 31.8; “F
NMR (600 MHz, CDCly) & -62.7; HRMS (ED: m/z calcd for C14H12F3NO2S
[M]+ 315.0541, found 315.0543.

- Methyl 3-(benzylamino)-5-(4-methoxyphenylthiophene-2-carboxylate (3r): &
&7 2b (500 mg, 1.53 mmol, 1.0 equiv.), 4-methoxyphenylboronic acid (280
mg, 1.84 mmol, 1.2 equiv.), Pd(PPhy)s (88.6 mg, 0.080 mmol, 0.05 equiv.), 0.4
M sodium carbonate (4 mL)®} &F< (6.1 mL)& ARg3td = 1A 3r
(392 mg, 1.11 mmol, 73%)E 4. m.p: 100-102 ° C; 'H NMR (600 MHz,
CDCl3) & 7.50 (dd, /= 6.6 Hze} /= 1.8 Hz, 2H), 7.37-7.33 (m, 4H), 7.29-7.26
(m, 1H), 7.22 (br s, 1H), 6.89 (dd, /= 6.6 Hz®} /= 2.4 Hz, 2H), 6.70 (s, 1H),
453 (d, J = 6.0 Hz, 2H), 3.84 (s, 3H), 3.82 (s, 3H); ®C NMR (150 MHz,
CDCly) & 165.5, 160.5, 156.7, 150.0, 139.0, 128.9, 127.49, 127.45, 127.1, 126.4,
114.4, 111.2, 97.5, 55.5, 51.2, 49.1; HRMS (ED: m/z calcd for C20H19NO3S
[M]+ 353.1086, found 353.1088.

- Methyl 3-(benzylamino)-5-(4(dimethylamino)phenylthiophene-2-carboxylate
(3s): &=¢E2 2b (500 mg, 1.53 mmol, 1.0 equiv.), (4-(dimethylamino)phe-
nyDboronic acid (304 mg, 1.84 mmol, 1.2 equiv.), Pd(PPhy), (88.6 mg, 0.080
mmol, 0.05 equiv.), 0.4 M sodium carbonate (2 mL)2} EFl (6.1 mL)S A&
Ste] @& w7l 1A 3s (371 mg, 1.01 mmol, 66%)5 A m.p: 135-136
°C; "H NMR (600 MHz, CDCly) & 7.46-7.44 (m, 2H), 7.37-7.33 (m, 4H),
7.28-7.25 (m, 2H), 6.67-6.66 (m, 3H), 4.53 (d, / = 6.0 Hz, 2H), 3.83 (s, 3H),
2.99 (s, 6H); ®C NMR (150 MHz, CDCly & 165.5, 157.0, 151.3, 151.0, 139.2,
128.8, 127.4, 127.2, 121.6, 112.2, 109.8, 96.3, 51.1, 49.1, 40.4;, HRMS (ED: m/z
calcd for C21H22N202S [M]+ 366.1402, found 366.1405.

o 33E bSa-bsoll gk Il g
- Z=3¢E4 3a (150 mg, 0.600 mmol, 1.0 &S &L (4 mL, 0.25 Mol 3|
Azl %, IN KOH 2 mbL)& AH71g &, 98 EFES 70 ° CE /M3t 1
A S nRE Whgo] SHAEE, 8lE Y FEste] HEY £ §lo|
23 Ag7hA (750 mg, EEEF ] 500% F-AHDS oEolAE (2 mL)<}
B (2 mL, 1:1 ")l &3t 60 ° CE 7}d3le] 24159 wukgh
So] AW, Ag7Ae oxsty & (6 mL)E ¥ EtOAc (ethyl

L
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acetate, 5 mL)Z 3 F=3F 4oz F7]5 F4 NaSO=ZE AZx, o3, 7+
4 T3ty A a2 vt E Y yste ek 1A 3kgHE 5a (105 mg, 0.555
mmol, 92%)E dUL.

- N-methyl-5-phenylthiophen-3-amine (5a): 'H NMR (600 MHz, CDCly)
7.59-7.57 (m, 2H), 7.37 (td, /= 7.2 Hz and /= 1.8 Hz, 2H), 7.28 (tt, /= 7.2
Hze} /= 1.5 Hz, 1H), 6.86 (d, / = 1.8 Hz, 1H), 5.95 (d, / = 1.8 Hz, 1H), 3.48
(br s, 1H), 2.85 (s, 3H); C NMR (150 MHz, CDCly) & 150.3, 143.6, 134.7,
128.9, 127.6, 125.6, 116.0, 95.0, 32.7; Hlo|H <= T &AM EuHE A3 X

- 5-(4-Methoxyphenyl)-N-methylthiophen-3-amine (5b): &2%2 3b (185 mg,
0.667 mmol, 1.0 TS ALE3ste] @& =gk 14 5b (130 mg, 0.593 mmol,
89%)2 40e. 'H NMR (600 MHz, CDCly) & 7.48 (dd, / = 6.6 Hz$} J = 1.8
Hz, 2H), 6.91 (dd, / = 6.6 Hze} J = 2.4 Hz, 2H), 6.74 (d, 7 = 1.8 Hz, 1H),
5.87 (d, J = 1.8 Hz, 1H), 3.83 (s, 3H), 2.84 (s, 3H); ®C NMR (150 MHz,
CDCly & 159.3, 150.3, 143.6, 127.6, 126.9, 115.1, 114.3, 94.0, 55.5, 32.8; ©]°]
Bl 2304 Bud A AT

- 5-(3-Methoxyphenyl)-N-methylthiophen-3-amine (5¢): &%¥&2 3c (182 mg,
0.656 mmol, 1.0 B AH83te] A 2 5c (122 mg, 0.556 mmol, 85%)=
A¢]S. 'H NMR (500 MHz, CDCly) & 7.36 (t, /= 7.8 Hz, 1H), 7.27 (d, /= 7.5
Hz, 1H), 7.23 (s, 1H), 6.93 (dd, / = 2.5 Hz¢} /= 8.0 Hz, 1H), 6.89 (d, /= 1.8
Hz, 1H), 5.99 (d, /= 2.0 Hz, 1H), 3.90 (s, 3H), 3.71 (br s, 1H), 2.87 (s, 3H);
BC NMR (125 MHz, CDCly) & 159.8, 150.2, 142.9, 135.8, 129.7, 117.9, 116.1,
112.7, 111.0, 94.5, 55.1, 32.4; HRMS (ED: m/z calcd for CI12H13NOS [MI]+
219.0718, found 219.0717.

- 5-(2-Methoxyphenyl)-N-methylthiophen-3-amine (56d): &¥&2 3d (204 mg,
0.736 mmol, 1.0 &= Ar&sted =2 29 5d (139 mg, 0.634 mmol,
86%)2 9%1<. 'H NMR (500 MHz, CDCl3) & 7.62 (dd, /= 7.5 Hz and /= 15
Hz, 1H), 7.26 (td, /= 7.9 Hz and /= 1.8 Hz, 1H), 7.09 (d, / = 1.5 Hz, 1H),
7.01-6.96 (m, 2H), 6.00 (d, / = 1.5 Hz, 1H), 3.90 (s, 3H), 3.63 (br s, 1H), 2.84
(s, 3H); “C NMR (150 MHz, CDCly & 155.8, 149.6, 138.7, 128.28, 128.25,
123.4, 120.8, 118.5, 111.6, 95.6, 55.5, 32.7; HRMS (ED: m/z calcd for
C12H13NOS [M]+ 219.0718, found 219.0716.

- M-Methyl-5-(4-phenoxyphenyDthiophen-3-amine (5e): &1-&E2 3e (56.0 mg,
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0.165 mmol, 1.0 TS AEgste 2 =2 34 be (33.2 mg, 0.118
mmol, 72%)Z ¥, m.p: 84-85 ° C; 'H NMR (600 MHz, CDCly) & 7.53 (dd,
J = 6.6 Hze} /= 1.8 Hz, 2H), 7.38-7.36 (m, 2H), 7.14 (tt, /= 7.2 Hz®} J =
1.1 Hz, 1H), 7.07-7.05 (m, 2H), 7.01 (dd, J = 6.6 Hze} J = 1.8 Hz, 2H), 6.79
(d, /=18 Hz, 1H), 591 (d, /= 1.2 Hz. 1 H), 2.85 (s, 3H); “C NMR (150
MHz, CDCly) & 157.1, 156.9, 150.3, 143.0, 129.95, 129.90, 127.0, 123.5, 119.14,
119.06, 115.6, 94.5, 32.7; HRMS (ED: m/z caled for C17HI5NOS [MI+
281.0874, found 281.0871.

5-(Benzold][1,3]dioxol-5-y)- N-methylthiophen-3-amine (5f): &322 3f (28.0
mg, 0.0961 mmol, 1.0 F&HS Agste] 2 =2 14 5f (16.3 mg, 0.0699
mmol, 73%)E {AS. m.p: 65-66 ° C; 'H NMR (600 MHz, CDCly) & 7.05-7.03
(m, 2H), 6.80 (d, /= 2.4 Hz, 1H), 6.72 (s, 1H), 5.97 (s, 2H), 5.86 (s, 1H), 3.63
(br s, 1H), 2.83 (s, 3H); ®C NMR (125 MHz, CDCly) & 150.2, 148.1, 147.3,
143.5, 129.1, 119.4, 115.5, 108.7, 106.4, 101.3, 94.2, 32.7, HRMS (ED: m/z
calcd for C12H1INO2S [M]+ 233.0511, found 233.0508.

5-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-AV-methylthiophen-3amine (5g): &%=
2 3g (256 mg, 0.838 mmol, 1.0 B Argste 2 ZA 2 5g (160
mg, 0.647 mmol, 77%)E 9. 'H NMR (500 MHz, CDCly) & 7.09-7.04 (m,
2H), 6.85 (d, /= 8.5 Hz, 1H), 6.72 (d, / = 2.0 Hz, 1H), 5.86 (d, / = 1.5 Hz,
1H), 4.27 (s, 4H), 3.61 (br s, 1H), 2.83 (s, 3H); ®C NMR (125 MHz, CDCly) &
150.2, 143.7, 143.3, 143.2, 128.5 119.0, 117.6, 115.3, 114.5, 94.1, 64.53, 64.50,
32.7; HRMS (ED: m/z calcd for C13H13NO2S [MI+ 247.0667, found 247.0668.

N-Methyl-5-(3,4,5-trimethoxyphenyDthiophen-3-amine (5h): &%&2 3h (400
mg, 1.19 mmol, 1.0 F&)<S A&t € 2 2 5h (298 mg, 1.07
mmol, 90%)E 4. 'H NMR (600 MHz, CDCl3) & 6.77 (d, / = 1.8 Hz, 1H),
6.75 (s, 2H), 5.89 (d, /= 1.8 Hz, 1H), 3.89 (s, 6H), 3.86 (s, 3H), 2.83 (s, 3H);
BC NMR (150 MHz, CDCly & 153.4, 150.2, 143.5, 137.8, 130.5, 115.9, 103.1,
94.7, 61.0, 56.2, 32.7; HRMS (ED: m/z calcd for C14H17NO3S [M]+ 279.0929,
found 279.0930.

5-(4-(Dimethylamino)phenyl)- V-methylthiophen-3-amine (5i): &%&2 3i (1.20
g, 413 mmol, 1.0 F&F)E& A3t L& 24 2 5 (600 mg, 2.58 mmol,
62%)2 AU mp: 125-127 ° C; 'H NMR (600 MHz, CDCl3) & 7.44 (d, J =
9.0 Hz, 2H), 6.71-6.70 (m, 3H), 5.81 (s, 1H), 2.98 (s, 6H), 2.84 (s, 3H); °C
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NMR (150 MHz, CDCly) & 150.2, 150.1, 144.5, 126.6, 123.3, 114.0, 112.6, 93.0,
40.6, 32.8; HRMS (ED: m/z calcd for CI13HI16N2S [M]+ 232.1034, found
232.1033.

5-(3-(Dimethylamino)phenyl)-A-methylthiophen-3-amine (5j): &%&=2 3j (159
mg, 0.547 mmol, 1.0 B=F)S AH&3ste] 24 HA 5 (109 mg, 0.469 mmol,
86%)2 AR, 'H NMR (500 MHz, CDCl3) & 7.26 (t, /= 8.0 Hz, 1H), 6.96 (d,
J =175 Hz, 1H), 6.94-6.93 (m, 1H), 6.86 (d, / = 1.5 Hz, 1H), 6.70 (dd, /= 8.0
Hz ¢} /=25 Hz, 1H), 5.93 (d, /= 2.0 Hz, 1H), 3.38 (br s, 1H), 3.01 (s, 6H),
2.85 (s, 3H); ®C NMR (125 MHz, CDCly) & 150.9, 150.1, 144.6, 135.4, 129.5,
115.9, 114.4, 112.0, 109.9, 94.6, 40.7, 32.7;, HRMS (ED: m/z calcd for
C13HI6N2S [M]+ 232.1034, found 232.1032.

5-(2-(Dimethylamino)phenyl)- V-methylthiophen-3-amine (5k): ZW&Z 3k
(170 mg, 0.585 mmol, 1.0 B AF&3te] = A 5k (110 mg, 0.473
mmol, 81%)E 4. 'H NMR (600 MHz, CDCl3) & 7.48 (d, J = 7.8 Hz, 1H),
723 (t, /=72 Hz, 1H), 7.11 (d, / = 8.4 Hz, 1H), 7.03 (&, / = 7.5 Hz, 1H),
7.00 (s, 1H), 5.99 (s, 1H), 3.56 (br s, 1H), 2.86 (s, 3H), 2.67 (s, 6H); *C NMR
(150 MHz, CDCly) & 151.3, 149.1, 141.4, 129.5, 128.9, 128.1, 122.8, 119.5,
117.9, 96.4, 44.2, 32.8; HRMS (ED: m/z calcd for CI13H16N2S [M]+ 232.1034,
found 232.1035.

5-(4-(Diethylamino)phenyl)- A-methylthiophen-3-amine (5D): &%&2 31 (80.8
mg, 0.254 mmol, 1.0 B &S AR&3te] 2ZA 114 51 (41.5 mg, 0.159 mmol,
63%)S AL, mp: 88-90 ° C; 'H NMR (500 MHz, CDCly) & 7.44 (dd, J =
6.5 Hze} /= 2.3 Hz, 2H), 6.70-6.67 (m, 3H), 5.81 (d, /= 1.5 Hz, 1H), 3.62
(br s, 1H), 3.39 (q, J = 7.0 Hz, 4H), 2.84 (s, 3H), 1.20 (t, J = 7.3 Hz, 6H); °C
NMR (125 MHz, CDCly) § 150.2, 147.3, 144.6, 126.8, 122.1, 113.7, 111.7, 92.6,
445, 32.7, 12.8; HRMS (ED: m/z calcd for C15H20N2S [M]+ 260.1347, found
260.1346.

N-Methyl-5-(4-(4-methylpiperazin-1-yDphenyDthiophen-3-amine (5m): &%+
2 3m (180 mg, 0.521 mmol, 1.0 F&)= Ar&ste] ZA 34 5m (123 mg,
0.428 mmol, 82%)E 4lS. m.p: 149-150 ° C; H NMR (600 MHz, CDCly) &
7.45 (d, /= 9.0 Hz, 2H), 6.89 (d, / = 9.0 Hz, 2H), 6.73 (s, 1H), 5.84 (s, 1H),
3.60 (br s, 1H), 3.24 (t, J = 4.8 Hz, 4H), 2.83 (s, 3H), 2.57 (t, / = 5.1 Hz,
4H), 2.35 (s, 3H); “C NMR (150 MHz, CDCly & 150.7, 150.3, 143.9, 126.5,
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126.1, 115.9, 114.6, 93.6, 55.2, 48.9, 46.3, 32.7; HRMS (ED: m/z calcd for
C16H2IN3S [M]+ 287.1456, found 287.1459.

N-Methyl-5-(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1ijlquinolin-9-yDthiophen-3-a
mine Gn): &YEZ 3n (100 mg, 0.292 mmol, 1.0 FHS ALE3sle] 4
24 5n (74.3 mg, 0.261 mmol, 89%)E ¥l m.p: 66-68 ° C; 'H NMR (600
MHz, CDCl3) & 7.00 (s, 2H), 6.65 (s, 1H), 5.78 (s, 1H), 3.63 (br s, 1H), 3.16 (t,
J = 6.0 Hz, 4H), 2.83 (s, 3H), 2.77 (t, /= 6.6 Hz, 4H), 2.00-1.96 (m, 4H); BC
NMR (150 MHz, CDCly) & 150.1, 145.0, 142.7, 124.5, 122.3, 121.6, 113.6, 92.8,
50.1, 32.8, 27.8, 22.1; HRMS (ED: m/z calcd for C17H20N2S [M]+ 284.1347,
found 284.1346.

5-(4-(Diphenylamino)phenyl)-A-methylthiophen-3-amine  (50): Z%W&Z 30
(406 mg, 0.979 mmol, 1.0 G Ar&std A 34 5o (150 mg, 0.421
mmol, 43%)E AL m.p: 125-126 ° C; 'H NMR (600 MHz, CDCly) & 7.41
(d, /= 8.4 Hz, 2H), 7.29-7.25 (m, 4H), 7.11 (d, / = 7.8 Hz, 4H), 7.05-7.02 (m,
4H), 6.77 (s, 1H), 5.88 (s, 1H), 2.84 (s, 3H); ®C NMR (150 MHz, CDCls) 150.3,
147.7, 147.3, 143.5, 129.4, 128.9, 126.4, 124.6, 123.8, 123.1, 115.2, 94.3, 32.8;
HRMS (ED: m/z calcd for C23H20N2S [M]+ 356.1347, found 356.1349.

N-Methyl-5-(4-(trifluoromethoxy)phenyDthiophen-3-amine (5p): &%=2 3p
(339 mg, 1.02 mmol, 1.0 B&F)<= AH&std =21 1A 5p (224 mg, 0.820
mmol, 80%)2 4U-e. mp: 121-123 ° C; 'H NMR (600 MHz, CDCly) & 7.56
(dd, /= 6.6 Hze} J = 1.8 Hz, 2H), 7.21 (d, / = 9.0 Hz¢} J = 0.6 Hz, 2H),
6.82 (d, /= 1.8 Hz, 1H), 5.95 (d, J = 1.2 Hz, 1H), 2.85 (s, 3H); *C NMR (150
MHz, CDCly) & 150.4, 148.6, 141.9, 133.5, 126.9, 121.4, 119.8 (g, J = 255.6
Hz), 116.5, 95.5, 32.7; F NMR (600 MHz, CDCI3) & -57.9; HRMS (ED: m/z
calcd for C12HI10F3NOS [Ml+ 273.0435, found 273.0437.

N-Methyl-5-(4-(trifluoromethyl)phenyDthiophen-3-amine  (5bq): &%=2 3q
(172 mg, 0.545 mmol, 1.0 FF)<= Ar&3sted A=A 1A 5q (112 mg, 0.435
mmol, 80%)E 9. mp: 116-118 ° C; 'H NMR (600 MHz, CDCly) & 7.64
(d, /=84 Hz, 2H), 7.59 (d, /= 84 Hz, 2H), 6.92 (d, /= 1.8 Hz, 1H), 6.00
(d, /= 1.8 Hz,1H), 2.86 (s, 3H); “C NMR (150 MHz, CDCl3) & 150.6, 141.7,
138.1, 129.3 (q, /= 32.4 Hz), 125.9 (q, /= 3.8 Hz), 125.6, 124.3 (q, J = 270.1
Hz), 117.0, 96.3, 32.7; F NMR (600 MHz, CDCI3) & -62.5; HRMS (ED): m/z
calcd for C12H10F3NS [M]+ 257.0486, found 257.0483.
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- N-Benzyl-5-(4-methoxyphenyDthiophen-3-amine (5r): &%&2 3r (336 mg,
0.951 mmol, 1.0 T3S A3t =&A 114 5r (278 mg, 0.941 mmol, 99%)
E 9L mp: 92-93 ° C; 'H NMR (600 MHz, CDCly) & 7.48 (d, J = 9.0 Hz,
2H), 7.42-7.41 (m, 2H), 7.38-7.35 (m, 2H), 7.30 (tt, / = 7.2 Hze} /= 1.7 Hz,
1H), 6.91 (d, /= 9.0 Hz, 2H), 6.78 (d, / = 1.2 Hz, 1H), 589 (d, / = 1.2 Hz,
1H), 4.29 (s, 2H), 3.83 (s, 3H); “C NMR (150 MHz, CDCly & 159.3, 148.8,
143.5, 139.4, 128.7, 127.8, 127.5, 127.4, 126.9, 115.2, 114.3, 94.9, 55.5, 50.5;
HRMS (ED: m/z calcd for C18H17NOS [M]+ 295.1031, found 295.1033.

- MN-Benzyl-5-(4-(dimethylamino)phenyDthiophen-3-amine (5s): &1E&32 3s (350
mg, 0.955 mmol, 1.0 Y& Ar&3sted 24 1A 5s (230 mg, 0.746 mmol,
78%)E AUL. mp: 125-126 ° C; 'H NMR (600 MHz, CDCly) & 7.45-7.41 (m,
4H), 7.37 (t, J = 7.5 Hz, 2H), 7.30 (t, / = 7.2 Hz, 1H), 6.74-6.740 (m, 1H),
6.71 (d, / = 8.4 Hz, 2H), 5.84 (d, / = 1.8 Hz, 1H), 4.29 (s, 2H), 3.95 (br s,
1H), 2.98 (s, 6H); C NMR (150 MHz, CDCly) & 150.1, 148.7, 144.4, 139.5,
128.7, 127.8, 127.4, 126.6, 123.2, 114.1, 112.6, 93.9, 50.5, 40.6; HRMS (ED:
m/z calcd for C19H20N2S [MI]+ 308.1347, found 308.1351.

e 335 6a- quﬂ 3k dukA el A H:

- Z¢53 53 (29.4 mg, 0.155 mmol, 1.0 ¥ DMF (1.5 mL, 0.1 M) &3j
3+ 3, mono-methyl fumarate (25.0 mg, 0.186 mmol, 1.2 9&), BOP
(Benzotriazol-1-yloxy)tris(dimethylamino)phosphonium hexafluorophosphate,
83.0 mg, 0.186 mmol, 1.2 &=} N N-diisopropylethylamine (67.0 uL, 0.388
mmol, 1.2 BEHe H7}E He EIES oo muksla HFgo] ZAH
H, E (3 mLS ¥ EtOAc (ethyl acetate, 5 mL)E 3¥H F=3F dojzx #

152 5 NaSO2 A=, o3, 1 s53ta ZHa=vEddg 9] &
2 =& AA 6a (21.2 mg, 0.0703 mmol, 45%)E LU

N

- Ethyl 4-methyl-5-oxo-2-phenyl-4,5,6,7-tetrahydrothieno [3,2-Dlpyr-
idine-7-carboxylate (6a): 'H NMR (600 MHz, CDCly) & 7.56 (d, / = 7.8 Hz,
2H), 7.39 (t, J = 12.5 Hz, 2H), 7.31 (t, /= 6.9 Hz, 1H), 6.99 (s, 1H), 4.03 (t,
J =172 Hz, 1H), 3.79 (s, 3H), 3.36 (s, 3H), 3.03 (ddd, /= 7.7 Hz$} J = 16.2
Hz, /= 315 Hz, 2H); ®C NMR (150 MHz, CDCly) & 171.3, 167.2, 143.9, 140.4,
133.8, 129.2, 128.2, 125.6, 113.3, 112.5, 52.9, 38.4, 34.4, 30.6; HRMS (ED: m/z
calcd for C16H15NO3S [M]+ 301.0773, found 301.0770.
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- Methyl 2-(4-methoxyphenyD-4-methyl-5-ox0-4,5,6,7-tetrahy-
drothieno[3,2-blpyridine-7-carboxylate (6b): =& 5b (50.0 mg, 0.228
mmol, 1.0 B&)< A&t A=k 1A 6b (36.3 mg, 0.109 mmol, 48%)E
A m.p: 164-165 ° C; 'H NMR (600 MHz, CDCly) & 7.48 (dd, / = 6.9 Hz
¢} /= 1.8 Hz, 2H), 6.92 (dd, /= 6.6 Hz¢} /= 1.8 Hz, 2H), 6.88 (s, 1H), 4.01
(t, /=175 Hz, 1H), 3.84 (s, 3H), 3.79 (s, 3H), 3.35 (s, 3H), 3.02 (ddd, / =
489 Hze} /= 16.2 Hz, /= 7.5 Hz, 2H); C NMR (150 MHz, CDCly) & 171.4,
167.2, 159.8, 143.9, 140.3, 126.9, 126.7, 114.5, 112.4, 111.3, 55.5, 52.9, 38.4,
34.5, 30.6; HRMS (ED: m/z calcd for CI17H17NO4S [M]+ 331.0878, found
331.0876.

- Methyl 2-(3-methoxyphenyD-4-methyl-5-o0x0-4,5,6,7-tetrahy-
drothieno[3,2-blpyridine-7-carboxylate (6¢): &%=2d 5¢c (121 mg, 0.552
mmol, 1.0 B3-S Ar&3st] 24 AA 6¢ (106 mg, 0.320 mmol, 58%)E A
<. 'H NMR (500 MHz, CDCly) & 7.28 (t, /= 8.0 Hz, 1H), 7.13 (d, / = 8.5 Hz,
1H), 7.05-7.06 (m, 1H), 6.96 (s, 1H), 6.84 (dd, / = 2.3 Hze} /= 8.3 Hz, 1H),
4.01 (t, /= 7.5 Hz, 1H), 3.83 (s, 3H), 3.77 (s, 3H), 3.33 (s, 3H), 3.00 (ddd, J
= 46.8 Hze} /= 19.2 Hz, / = 8.9 Hz, 2H); ®C NMR (125 MHz, CDCly) &
171.2, 167.0, 160.1, 143.5, 140.3, 135.0, 130.1, 118.0, 113.5, 113.4, 112.5,
111.2, 55.4, 52.8, 38.3, 34.3, 30.5; HRMS (ED: m/z calcd for C17H17NO4S
[M]+ 331.0878, found 331.0876.

- Methyl 2-(2-methoxyphenyD-4-methyl-5-0x0-4,5,6,7-tetrahy-
drothieno[3,2-blpyridine-7-carboxylate (6d): &=a&E2 5d (136 mg, 0.620
mmol, 1.0 F3)S AL&ste] AZ4A v 6d (134 mg, 0.404 mmol, 65%)S &
Ae. m.p: 160-161 ° C; 'H NMR (500 MHz, CDCly) & 7.59 (d, J = 7.5 Hz,
1H), 7.28 (t, /= 7.8 Hz, 1H), 7.17 (s, 1H), 7.01-6.98 (m, 2H), 4.02 (t, /= 7.3
Hz, 1H), 3.94 (s, 3H), 3.77 (s, 3H), 3.36 (s, 3H), 3.02 (ddd, / = 57.8 Hz$} J =
19.4 Hz, J = 8.6 Hz, 2H); ®C NMR (125 MHz, CDCly) & 171.5, 167.2, 155.8,
139.6, 139.0, 129.0, 128.0, 122.6, 121.1, 115.3, 113.1, 111.7, 55.7, 52.8, 38.4,
34.5, 30.5; HRMS (ED: m/z caled for C17H17NO4S [M]+ 331.0878, found
331.0881.

- Methyl 4-benzyl-2-(4-methoxyphenyl)-5-0x0-4,5,6,7-tetrahy-
drothieno[3,2-blpyridine-7-carboxylate (6e): &%=Z 5r (69.4 mg, 0.235
mmol, 1.0 @S AH&3ste] AZA 14 6e (73.3 mg, 0.180 mmol, 77%)=
AL, mp: 99-100 ° C; 'H NMR (600 MHz, CDCly) & 7.36 (dd, J = 4.2 Hz%}
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J =24 Hz, 2H), 7.31 (t, /= 7.5 Hz, 2H), 7.28-7.24 (m, 3H), 6.86 (dd, / = 6.6
Hze} /= 1.8 Hz, 2H), 6.73 (s, 1H), 5.19 (d, J = 16.2 Hz, 1H), 4.99 (d, J =
16.2 Hz, 1H), 4.04 (t, /= 6.9 Hz, 1H), 3.81 (s, 3H), 3.77 (s, 3H), 3.13 (ddd, J
= 47.7 Hz¢t J = 16.2 Hz, J = 6.9 Hz, 2H); ®C NMR (150 MHz, CDCl3) &
171.4, 167.4, 159.7, 143.7, 139.6, 137.0, 128.9, 127.5, 126.94, 126.92, 126.6,
114.5, 112.9, 111.8, 55.5, 52.9, 47.0, 38.5, 34.7; HRMS (ED: m/z calcd for
C23HZ2INOA4S [M]+ 407.1191, found 407.1188.

2-(4-Methoxyphenyl)-4-methyl-6,7-dihydrothieno[3,2-2] pyridin-5(4H)-one (6f):
Z=2E32 5b (40.0 mg, 0.182 mmol, 1.0 F&)<}t acrylic acid (15.0 pL, 0.218
mmol, 1.2 F&#)E& A8-3te] A 314 6f (38.2 mg, 0.140 mmol, 77%)E L2
<. mp: 152-153 ° C; 'H NMR (600 MHz, CDCly) & 7.46 (dd, / = 9.5 Hz$} J
= 2.4 Hz, 2H), 6.91 (dd, / = 9.5 Hz¢} /= 24 Hz, 2H), 6.87 (s, 1H), 3.83 (s,
3H), 3.34 (s, 3H), 2.94 (t, /= 7.8 Hz, 2H), 2.78 (t, /= 7.8 Hz, 2H); *C NMR
(150 MHz, CDCly) & 168.7, 159.5, 141.6, 139.8, 127.0, 126.8, 115.3, 114.5,
112.5, 55.5, 32.3, 30.5, 20.8; HRMS (ED: m/z caled for CI15H15NO2S [MI]+
273.0824, found 273.0825.

Methyl 4-methyl-5-oxo0-2-(4-phenoxyphenyD-4,5,6,7-tetrahy-
drothieno[3,2-blpyridine-7-carboxylate (6g): &=%E&EZ& 5e (33.0 mg, 0.117
mmol, 1.0 S AR =@M 14 6g (25.0 mg, 0.0635 mmol, 54%)=
Ae. m.p: 56-58 ° C; 'H NMR (600 MHz, CDCly) & 7.51 (dd, J = 6.6 Hz%}
J = 2.4 Hz, 2H), 7.38-7.35 (m, 2H), 7.14 (tt, / = 7.8 Hze} J = 2.4 Hz, 1H),
7.05-7.04 (m, 2H), 7.02 (dd, J = 2.4 Hze} J = 6.6 Hz, 2H), 6.91 (s, 1H), 4.02
(t, /= 7.2 Hz, 1H), 3.79 (s, 3H), 3.35 (s, 3H), 3.03 (ddd, / = 47.1 Hz, J =
16.5 Hz and / = 7.2 Hz, 2H); C NMR (150 MHz, CDCly) & 171.3, 167.1,
157.6, 156.8, 143.3, 140.4, 130.0, 128.9, 127.1, 123.8, 119.3, 119.2, 112.9,
111.9, 52.9, 38.4, 34.4, 30.6; HRMS (ED: m/z caled for C22H19NOAS [MI]+
393.1035, found 393.1039.

Methyl 2-(benzoldl[1,3]dioxol-5-yl)-4-methyl-5-0x0-4,5,6,7tetrahy-
drothienol3,2-blpyridine-7-carboxylate (6h): &a4=2 5f (40.5 mg, 0.174
mmol, 1.0 BHE A& =@ 14 6h (32.8 mg, 0.0950 mmol, 55%)=
A m.p: 150-151 ° C; 'H NMR (500 MHz, CDCly) & 7.03 (dd, / = 8.0 Hz
9} /=20 Hz, 1H), 7.00 (d, /= 2.0 Hz, 1H), 6.83 (s, 1H), 6.79 (d, J = 8.0
Hz, 1H), 5.97 (s, 2H), 3.99 (t, /= 7.3 Hz, 1H), 3.77 (s, 3H), 3.32 (s, 3H), 3.00
(ddd, /= 49.4 Hz$} /= 19.7 Hz, J = 8.9 Hz, 2H); ®C NMR (150 MHz, CDCly)
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6 171.3, 167.1, 148.3, 147.8, 143.7, 140.2, 128.1, 119.4, 112.7, 111.5, 108.8,
106.2, 101.5, 52.8, 38.3, 34.4, 30.5 HRMS (ED: m/z calcd for C17H15NOS5S
[M]+ 345.0671, found 345.0668.

Methyl  2-(2,3-dihydrobenzol 4l[1,4]dioxin-6-yl)-4-methyl-50x0-4,5,6,7-tetrahy-
drothieno[3,2-blpyridine-7-carboxlate (61): &%¥&% 5g (145 mg, 0.586 mmol,
1.0 F3)& AHEst] =34 1A 6 (130 mg, 0.362 mmol, 62%)E AU+
m.p: 126-128 ° C; H NMR (500 MHz, CDCly) & 7.02 (d, / = 2.0 Hz, 1H), 6.99
(dd, /= 2.3 Hze} /= 9.0 Hz, 1H), 6.82-6.80 (m, 2H), 4.23 (s, 4H), 3.95 (t, J
= 7.3 Hz, 1H), 3.74 (s, 3H), 3.28 (s, 3H), 2.96 (ddd, / = 51.9 Hze} J = 19.8
Hz, /= 8.7 Hz, 2H); C NMR (125 MHz, CDCly) & 171.2, 167.0, 143.8, 143.7,
143.3, 140.1, 127.3, 118.7, 117.7, 114.3, 112.5, 111.4, 64.44, 64.39, 52.7, 38.2,
34.3, 30.4; HRMS (ED: m/z calcd for CI8H17NO5S [M]+ 359.0827, found
359.0825.

Methyl 4-methyl-5-ox0-2-(3,4,5-trimethoxyphenyl)-4,5,6,7-tetrahy-
drothieno[3,2-blpyridine-7-carboxylate (6j)): =3&Z 5h (80.0 mg, 0.286
mmol, 1.0 F3)ES A&l =@ 14 6j (60.4 mg, 0.154 mmol, 54%)E &
Ae. m.p: 133-134 ° C; 'H NMR (600 MHz, CDCly) & 6.89 (s, 1H), 6.73 (s,
2H), 4.02 (t, /= 7.5 Hz, 1H), 3.91 (s, 6H), 3.86 (s, 3H), 3.79 (s, 3H), 3.36 (s,
3H), 3.02 (ddd, / = 38.4 Hz¢} /= 16.2 Hz, /= 7.2 Hz, 2H); C NMR (150
MHz, CDCly) & 171.3, 167.2, 153.7, 144.0, 140.2, 138.4, 129.6, 113.2, 112.2,
103.2, 61.1, 56.4, 529, 38.3, 34.4, 30.77 HRMS (ED: m/z calcd for
CI19H2INOG6S [M]+ 391.1090, found 391.1088.

Methyl 2-(4-(dimethylamino)phenyl)-4-methyl-5-0x0-4,5,6, 7-tetrahy-
drothieno[3,2-blpyridine-7-carboxylate (6k): &=a&E2 5i (91.6 mg, 0.394
mmol, 1.0 F&)E AL&ste] F32A A 6k (83.1 mg, 0.241 mmol, 61%)=
A9 mp: 121-123 ° C; 'H NMR (600 MHz, CDCly) & 7.43 (d, J = 9.0 Hz,
2H), 6.82 (s, 1H), 6.72 (d, /= 7.8 Hz, 2H), 3.99 (t, / = 7.2 Hz, 1H), 3.78 (s,
3H), 3.34 (s, 3H), 3.02 (m, 8H); ®C NMR (150 MHz, CDCly & 171.6, 167.3,
150.4, 144.8, 140.2, 126.6, 122.1, 112.6, 111.1, 110.0, 52.8, 40.6, 38.4, 34.5,
30.6; HRMS (ED: m/z calcd for C18H20N203S [M]+ 344.1195, found 344.1193.

Methyl 2-(3-(dimethylamino)phenyl)-4-methyl-5-0x0-4,5,6, 7-tetrahy-

drothienol3,2-plpyridine-7-carboxylate (6): &=2 5j (114 mg, 0.491 mmol,
1.0 93-S AFg3te] ZA 1.4 61 (102 mg, 0.296 mmol, 61%)S AA-S. m.p:
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99-100 ° C; 'H NMR (600 MHz, CDCly) & 7.24 (t, J = 8.1 Hz, 1H), 6.96 (s,
1H), 6.92 (d, J = 7.8 Hz, 1H), 6.86 (s, 1H), 6.70 (dd, / = 8.4 Hz ¢ J = 2.4
Hz, 1H), 4.02 (t, J = 7.2 Hz, 1H), 3.78 (s, 3H), 3.35 (s, 3H), 3.08-2.96 (m,
8H); BC NMR (150 MHz, CDCly) & 171.4, 167.2, 151.0, 144.9, 140.2, 134.5,
129.8, 114.2, 113.1, 112.5, 112.0, 109.5, 52.9, 40.7, 38.4, 34.4, 30.6; HRMS
(ED: m/z calcd for C18H20N203S [MI+ 344.1195, found 344.1193.

Methyl 2-(2-(dimethylamino)phenyl)-4-methyl-5-0x0-4,5,6, 7-tetrahy-
drothieno[3,2-blpyridine-7-carboxylate (6m): &%=4 b5k (105 mg, 0.452
mmol, 1.0 FF)S AH&st =g AA 6m (118 mg, 0.342 mmol, 76%)=
A1 'H NMR (600 MHz, CDCly) & 7.52 (d, /= 7.8 Hz, 1H), 7.24 (t, /= 7.5
Hz, 1H), 7.16 (d, / = 8.4 Hz, 1H), 7.12 (s, 1H), 7.06 (t, /= 7.2 Hz, 1H), 4.03
(t, /= 6.9 Hz, 1H), 3.79 (s, 3H), 3.38 (s, 3H), 3.04 (ddd, / = 7.1 Hze} J =
16.4 Hz, J = 60.2 Hz, 2H), 2.65 (s, 6H); C NMR (150 MHz, CDCly) & 171.6,
167.2, 151.0, 140.9, 139.0, 128.6, 128.5, 128.4, 123.6, 120.5, 114.5, 113.9, 52.7,
44.4, 38.4, 34.5, 30.4; HRMS (ED: m/z calcd for C18H20N203S [MI]+ 344.1195,
found 344.1197.

Methyl 4-benzyl-2-(4-(dimethylamino)phenyl)-5-0x0-4,5,6, 7-tetrahy-
drothieno[3,2-blpyridine-7-carboxylate (6n): &=%=2 5s (60.0 mg, 0.194
mmol, 1.0 S ArE3ste] F32 Ax| 6n (66.3 mg, 0.158 mmol, 81%)E
A0S 'H NMR (600 MHz, CDCly) & 7.33-7.27 (m, 6H), 7.25-7.22 (m, 1H),
6.69 (s, 1H), 6.67 (d, / = 8.4 Hz, 2H), 5.19 (d, / = 15.6 Hz, 1H), 4.99 (d, / =
15.6 Hz, 1H), 4.02 (t, / = 6.6 Hz, 1H), 3.77 (s, 3H), 3.12 (ddd, / = 49.8 Hz<}
J =162 Hz, /= 6.6 Hz, 2H), 2.96 (s, 6H); “C NMR (150 MHz, CDCly &
171.4, 167.4, 150.3, 144.6, 139.4, 137.0, 128.7, 127.3, 126.9, 126.5, 121.9,
112.4, 111.6, 110.3, 52.7, 46.8, 40.4, 38.4, 34.6; HRMS (ED: m/z calcd for
C24H24N203S [M]+ 420.1508, found 420.1505.

Methyl 2-(4-(diethylamino)phenyl)-4-methyl-5-0x0-4,5,6,7-tetrahy-
drothienol3,2-plpyridine-7-carboxylate (60): &=2 51 (160 mg, 0.614 mmol,
1.0 F3H)& AH8ste] #4¢ =34 1A 60 (166 mg, 0.446 mmol, 73%)E
AL mp: 62-64 ° C; 'H NMR (500 MHz, CDCly) & 7.39 (d, / = 8.5 Hz,
2H), 6.79 (s, 1H), 6.64 (d, / = 8.5 Hz, 2H), 3.97 (t, /= 7.0 Hz, 1H), 3.77 (s,
3H), 3.38 (q, /= 7.2 Hz, 4H), 3.33 (s, 3H), 3.00 (ddd, / = 46.6 Hze} /= 16.3
Hz, /= 7.1 Hz, 2H), 1.18 (t, J = 7.3 Hz, 6H); ®C NMR (125 MHz, CDCly) §
171.5, 167.2, 147.7, 145.0, 140.1, 126.7, 120.9, 111.7, 110.7, 109.5, 52.7, 44.4,
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38.3, 34.5, 30.5, 12.7; HRMS (ED: m/z calcd for C20H24N203S [M]+ 372.1508,
found 372.1505.

- Methyl  4-methyl-2-(4-(4-methylpiperazin-1-yl)phenyl)-5-0x04,5,6,7-tetrahy-
drothieno[3,2- blpyridine-7-carboxylate (6p): =%&Z 5m (50.0 mg, 0.174
mmol, 1.0 B3-S A&t AF3F2 1A 6p (26.1 mg, 0.0653 mmol, 38%)
2 oS mp: 112-114 ° C; 'H NMR (600 MHz, CDCly) & 7.45 (d, J = 84
Hz, 2H), 6.91 (d, /= 9.0 Hz, 2H), 6.86 (s, 1H), 4.00 (t, / = 7.2 Hz, 1H), 3.78
(s, 3H), 3.34 (s, 3H), 3.30-3.28 (m, 4H), 3.02 (ddd, / = 49.8 Hz<} J = 16.2 Hz,
J =172 Hz, 2H), 2.34-2.62 (m, 4H), 2.39 (s, 3H); ®C NMR (150 MHz, CDCly)s
171.5, 167.2, 151.0, 144.2, 140.3, 126.6, 125.2, 116.0, 111.9, 110.8, 55.0, 52.9,
48.5, 46.1, 38.4, 34.5, 30.6; HRMS (ED: m/z calcd for C21H25N303S [M]+
399.1617, found 399.1615.

- Methyl 4-methyl-5-ox0-2-(2,3,6,7-tetrahydro-1H,5H-pyr-
ido[3,2,1-ijlquinolin-9-y1)-4,5,6,7-tetrahydrothienol3,2- blpyridine-7-carboxylate
(6q): =9=4 5n (70.0 mg, 0.246 mmol, 1.0 TS A3t F3A 114
6q (63.6 mg, 0.160 mmol, 65%)& AU m.p: 135-137 ° C; 'H NMR (500
MHz, CDCl3) & 7.00 (s, 2H), 6.77 (s, 1H), 3.98 (t, / = 7.3 Hz, 1H), 3.78 (s,
3H), 3.34 (s, 3H), 3.19 (m, 4H), 3.01 (ddd, / = 44.0 Hze} /= 16.3 Hz, /= 7.8
Hz, 2H), 2.78 (t, / = 6.5 Hz, 4H), 2.00 (m, 4H); ®C NMR (125 MHz, CDCl3) 5
171.6, 167.3, 145.3, 143.1, 140.1, 125.0, 124.4, 121.7, 121.6, 121.1, 110.6,
109.4, 52.8, 50.1, 38.4, 34.6, 30.6, 27.8, 22.0 HRMS (ED: m/z caled for
C22H24N203S [M]+ 396.1508, found 396.1504.

o 3}3+E KF-1 ~ KF-5, KF-12 ~ KF-19, KF-22 ~ KF-24¢l tfgF dukz <l
H (Route B):

- Methyl 4-methyl-5-oxo-2-phenyl-4,5-dihydrothieno[3,2- 5]
pyridine-7-carboxylate (KF-1): &%&4 6a (20.2 mg, 0.0670 mmol, 1.0 B )
< DMF (0.7 mL, 0.25 M)Z &3)3}s] potassium carbonate (14.0 mg, 0.100
mmol, 1.5 )L 713 S ¥k EFES 70 ° CE 7}0‘-“ 3ho] 1A 7HE9F
W 9 T4 F, E (1 mbs 23 ¥l &45H™, & @ mbs 92
EtOAc (ethyl acetate, 3 mL)Z 3¥H F=3F Loz vﬂ%% - NaSOs=
Az, oA, 4 sFsta ZHa2rtEdddst =@ 114 KF-1 ((9.60
mg, 0.0320 mmol, 48%)E ¥U<. 'H NMR (600 MHz, CDCly) & 7.72 (d, J =
7.2 Hz, 2H), 7.46 (t, /= 7.5 Hz, 2H), 7.41 (t, /= 7.2 Hz, 1H), 7.27 (s, 1H),
7.23 (s, 1H), 4.02 (s, 3H), 3.79 (s, 3H); C NMR (150 MHz, CDCly) & 165.1,

o

3
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162.4, 151.3, 145.8, 134.1, 133.4, 129.5, 129.4, 126.4, 119.0, 115.7, 111.3, 53.3,
32.4; HlolH+= 7ol Hid A3 dX 9

Methyl 2-(4-Methoxyphenyl)-4-methyl-5-ox0-4,5-dihydrothieno[3,2- blpyr-
idine-7-carboxylate (KF-2): %% 6b (60.0 mg, 0.181 mmol, 1.0 )=
Abg-Ete] =g 1A KF-2 (29.5 mg, 0.0896 mmol, 50%)5 ¥A-e. 'H NMR
(600 MHz, CDCl3) & 7.65 (d, /= 9.0 Hz, 2H), 7.22 (s, 1H), 7.17 (s, 1H), 6.97
(d, /= 9.0 Hz, 2H), 4.01 (s, 3H), 3.87 (s, 3H), 3.79 (s, 3H); C NMR (150
MHz, CDCly) & 165.2, 162.5, 160.8, 151.6, 146.0, 134.1, 127.7, 126.0, 118.1,
114.8, 110.1, 55.6, 53.3, 32.4. Hlo]El&= TdlA BuE A I3

Methyl 2-(3-Methoxyphenyl)-4-methyl-5-ox0-4,5-dihydrothienol3,2- blpyr-
idine-7-carboxylate (KF-3): &a&4 6c (60.0 mg, 0.181 mmol, 1.0 T
Abg3te] =22 1A KF-3 (54.8 mg, 0.166 mmol, 65%)& Y+. m.p: 155—
156 ° C; 'H NMR (600 MHz, CDCly) & 7.40 (t, /= 8.1 Hz, 1H), 7.34 (d, J =
7.2 Hz, 1H), 7.29 (d, J = 4.2 Hz, 2H), 7.26-7.25 (m, 1H), 6.98 (dd, / = 8.1 Hz
S} J = 2.7 Hz, 1H), 4.05 (s, 3H), 3.92 (s, 3H), 3.82 (s, 3H); “C NMR (150
MHz, CDCly) & 165.1, 162.3, 160.3, 151.0, 145.7, 134.6, 134.0, 130.4, 119.0,
118.8, 115.6, 115.0, 111.8, 111.4, 55.6, 53.3, 32.3; HRMS (ED: m/z calcd for
C17H15NO4S [M]+ 329.0722, found 329.0719.

Methyl 2-(2-Methoxyphenyl)-4-methyl-5-o0x0-4,5-dihydrothieno[3,2- blpyr-
idine-7-carboxylate (KF-4): &%¢E&4 6d (98.6 mg, 0.297 mmol, 1.0 &)=
Abg-3te] =) 114 KF-4 (47.8 mg, 0.145 mmol, 49%)E LA-e. m.p: 164-
168 ° C; 'H NMR (600 MHz, CDCly) & 7.70 (dd, /= 8.0 Hz¢} J = 1.8 Hz, 1H),
7.45 (s, 1H), 7.35 (td, /= 8.0 Hze} /= 1.5 Hz, 1H), 7.17 (s, 1H), 7.05-7.01
(m, 2H), 3.98 (s, 3H), 3.97 (s, 3H), 3.75 (s, 3H); *C NMR (150 MHz, CDCly)s
165.3, 162.5, 156.5, 147.2, 145.2, 134.1, 130.5, 128.9, 122.1, 121.3, 118.6,
116.4, 113.6, 112.0, 55.8, 53.2, 32.3; HRMS (ED: m/z calcd for C17H15NOA4S
M+ 329.0722, found 329.0722.

Methyl 4-Benzyl-2-(4-methoxyphenyl)-5-ox0-4,5-dihydrothienol 3,2- blpyr-
idine-7-carboxylate (KF-5): &%&32 6e (42.3 mg, 0.104 mmol, 1.0 F3F)<
AbE3sle] @Al 4] KF-5 (17.8 mg, 0.0439 mmol, 42%)S 4. m.p: 143
-145 ° C; 'H NMR (600 MHz, CDCly) & 7.54 (dd, J = 6.9 Hz¢} /= 2.1 Hz,
2H), 7.32-7.26 (m, 6H), 7.06 (s, 1H), 6.93 (dd, /= 6.6 Hze} /= 1.8 Hz, 2H),
5.52 (s, 2H), 4.02 (s, 3H), 3.84 (s, 3H); C NMR (150 MHz, CDCly) § 165.2,
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162.4, 160.8, 151.4, 145.6, 135.9, 134.4, 129.1, 1279, 127.7, 127.2, 126.0,
118.4, 115.4, 114.7, 110.7, 55.6, 53.3, 48.7; HRMS (ED: m/z calcd for
C23HI9NOA4S [M]+ 405.1035, found 405.1032.

Methyl 4-Methyl-5-ox0-2-(4-phenoxyphenyl)-4,5-dihydrothieno[3,2-blpyr-
idine-7-carboxylate (KF-12): &&&32 6g (24.2 mg, 0.0615 mmol, 1.0 T )<
Abg-3te] =g 1A KF-12 ((15.0 mg, 0.0383 mmol, 63%)S 4AL. m.p:
178-180 ° C; H NMR (600 MHz, CDCl3) & 7.67 (dd, /= 8.4 Hz$} /= 3.0 Hz,
2H), 7.38 (t, /= 8.1 Hz, 2H), 7.20-7.16 (m, 3H), 7.08-7.05 (m, 4H), 4.01 (s,
3H), 3.78 (s, 3H); C NMR (150 MHz, CDCly) & 165.1, 162.4, 158.9, 156.4,
150.9, 145.9, 134.1, 130.1, 128.2, 1279, 124.2, 119.7, 119.0, 118.6, 115.4,
110.7, 53.3, 32.4; HRMS (ED: m/z calcd for C22H17NO4S [M]+ 391.0878, found
391.0875.

Methyl 2-(Benzold][1,3]dioxol-5-yD)-4-methyl-5-0x0-4,5-dihy-
drothienol3,2-blpyridine-7-carboxylate (KF-13): &%=4 6h (32.8 mg, 0.0950
mmol, 1.0 &S A3t =2 314 KF-13 (13.0 mg, 0.0379 mmol, 40%)
E d¢lS. mp: 183-184 ° C; 'H NMR (600 MHz, CDCly) & 7.22 (dd, J = 7.8
Hze} /= 1.8 Hz, 1H), 7.20 (s, 1H), 7.16 (d, / = 1.8 Hz, 1H), 7.13 (s, 1H),
6.87 (d, / = 7.8 Hz, 1H), 6.04 (s, 2H), 4.01 (s, 3H), 3.77 (s, 3H); “C NMR
(150 MHz, CDCl3) & 165.1, 162.4, 151.3, 148.9, 148.6, 145.8, 134.0, 127.6,
120.6, 118.5, 115.1, 110.6, 109.1, 106.7, 101.8, 53.3, 32.3; HRMS (ED: m/z
calcd for C17H13NO5S [M]+ 343.0514, found 343.0513.

Methyl 2-(2,3-Dihydrobenzolbl[1,4]dioxin-6-y)-4-methyl-5-0x04,5-dihy-
drothienol3,2-blpyridine-7-carboxylate (KF-14): &%&4 6i (116 mg, 0.323
mmol, 1.0 F&)S AL&ste] =k 114 KF-14 (68.4 mg, 0.163 mmol, 50%)
E AL mp: 222-224 ° C; 'H NMR (600 MHz, CDCly) & 7.17-7.13 (m, 2H),
7.22 (s, 1H), 7.07 (s, 1H), 6.68 (d, / = 8.4 Hz, 1H), 4.29 (s, 4H), 3.98 (s, 3H),
3.72 (s, 3H); ®C NMR (150 MHz, CDCly) & 165.0, 162.3, 151.0, 145.8, 144.9,
144.0, 133.8, 126.8, 119.6, 118.3, 118.1, 115.1, 114.9, 110.3, 64.6, 64.5, 53.2,
32.2; HRMS (ED: m/z calcd for C18H15NO5GS [MI+ 357.0671, found 357.0669.

Methyl 4-Methyl-5-0x0-2-(3,4,5-trimethoxyphenyl-4,5-dihy-
drothieno[3,2-plpyridine-7-carboxylate (KF-15): &%E&2 6j (52.0 mg, 0.133
mmol, 1.0 §8)& A&t =&k 14 KF-15 (13.3 mg, 0.0342 mmol, 26%)
2 dglS. mp: 205-208 ° C; 'H NMR (600 MHz, CDCly) & 7.21 (s, 1H), 7.18

_56_



(s, 1H), 6.89 (s, 2H), 4.01 (s, 3H), 3.95 (s, 6H), 3.90 (s, 3H), 3.80 (s, 3H); °C
NMR (150 MHz, CDCly) & 165.2, 162.4, 153.9, 151.4, 145.7, 139.5, 133.9, 129.0,
118.8, 115.4, 111.1, 103.8, 61.2, 56.5, 53.3, 32.4; HRMS (ED: m/z calcd for
C19HI9NO6S [MI+ 389.0933, found 389.0930.

Methyl 2-(4-(Dimethylamino)phenyl)-4-methyl-5-ox0-4,5dihy-
drothienol3,2-plpyridine-7-carboxylate (KF-16): &%&4 6k (60.0 mg, 0.174
mmol, 1.0 @S AH&3te] A=A 34 KF-16 (19.6 mg, 0.0572 mmol,
33%)5 dJS. mp: 178- 180 ° C; 'H NMR (600 MHz, CDCly) & 7.60 (d, J =
8.4 Hz, 2H), 7.14 (s, 1H), 7.10 (s, 1H), 6.73 (d, / = 8.4 Hz, 2H), 4.00 (s, 3H),
3.77 (s, 3H), 3.04 (s, 6H); ®C NMR (150 MHz, CDCly) & 165.4, 162.5, 152.6,
151.2, 146.4, 133.9, 127.3, 121.1, 117.2, 114.2, 112.3, 108.5, 53.2, 40.4, 32.3;
HRMS (ED): m/z calcd for C18H18N203S [M]+ 342.1038, found 342.1037.

Methyl 2-(3-(Dimethylamino)phenyl)-4-methyl-5-oxo0-4,5dihy-
drothienol3,2-blpyridine-7-carboxylate (KF-17): &%&4 61 (81.2 mg, 0.236
mmol, 1.0 &S A&3ste] =g 314 KF-17 (22.0 mg, 0.0642 mmol, 27%)
2 dAqe. mp: 170-172 ° C; 'H NMR (600 MHz, CDCly) & 7.29-7.26 (m, 1H),
7.19 (s, 1H), 7.16 (s, 1H), 7.02 (d, / = 7.2 Hz, 1H), 6.94 (s, 1H), 6.74 (d, J =
8.4 Hz, 1H), 3.99 (s, 3H), 3.75 (s, 3H), 3.01 (s, 6H); “C NMR (150 MHz,
CDCly & 165.1, 162.3, 152.4, 151.0, 145.7, 134.0, 133.9, 129.9, 118.5, 115.3,
114.5, 113.5, 111.0, 109.8, 53.2, 40.6, 32.3; HRMS (EI): m/z calcd for
C18H18N203S [M]+ 342.1038 found 342.1039.

Methyl 2-(2-(Dimethylamino)phenyl)-4-methyl-5-ox0-4,5dihy-
drothienol3,2-blpyridine-7-carboxylate (KF-18): &#&2 6m (88.0 mg, 0.255
mmol, 1.0 T3S AF&3te] =& 14 KF-18 (28.3 mg, 0.0826 mmol, 32%)
E dde. mp: 120- 122 ° C; 'H NMR (600 MHz, CDCly) & 7.60 (d, / = 7.8
Hz, 1H), 7.41 (s, 1H), 7.32 (t, /= 7.8 Hz, 1H), 7.21-7.20 (m, 2H), 7.11 (t, J =
7.8 Hz, 1H), 4.00 (s, 3H), 3.78 (s, 3H), 2.69 (s, 6H); “C NMR (150 MHz,
CDCly & 165.3, 162.4, 151.9, 149.6, 145.0, 134.3, 129.9, 129.6, 127.9, 123.5,
120.4, 118.6, 117.2, 112.8, 53.1, 44.4, 32.2; HRMS (EI): m/z calcd for
C18H18N203S [M]+ 342.1038, found 342.1041.

Methyl 4-Benzyl-2-(4-(dimethylamino)phenyl)-5-0x0-4,5-dihy-

drothienol3,2-plpyridine-7-carboxylate (KF-19): &%¢&4 6n (50.0 mg, 0.119
mmol, 1.0 F3)S AL&3te] w7kl 14 KF-19 (18.4 mg, 0.0440 mmol, 37%)
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E A0S mp: 187-189 ° C; 'H NMR (600 MHz, CDCly & 7.48 (d, / = 9.0
Hz, 2H), 7.32-7.28 (m, 4H), 7.26-7.25 (m, 1H), 7.21 (s, 1H), 7.00 (s, 1H), 6.69
(d, /= 8.4 Hz, 2H), 550 (s, 2H), 4.01 (s, 3H), 3.01 (s, 6H); *C NMR (150
MHz, CDCly & 165.3, 162.5, 152.5, 151.0, 146.0, 136.0, 134.3, 129.0, 127.8,
127.3, 127.2, 117.3, 114.6, 112.3, 109.1, 53.2, 48.6, 40.4; HRMS (ED: m/z calcd
for C24H22N203S [M]+ 418.1351, found 418.1348.

Methyl 2-(4-(Diethylamino)phenyl)-4-methyl-5-oxo0-4,5-dihy-
drothienol3,2-blpyridine-7-carboxylate (KF-22): &%&2 60 (55.8 mg, 0.150
mmol, 1.0 B3-S A3l F34 1A KF-22 (29.4 mg, 0.0794 mmol, 53%)
2 dgle. mp: 146-148 ° C; 'H NMR (600 MHz, CDCly) & 7.53 (d, J = 9.0
Hz, 2H), 7.08 (s, 1H), 7.02 (s, 1H), 6.66 (d, /= 8.4 Hz, 2H), 3.97 (s, 3H), 3.72
(s, 3H), 3.40 (g, / = 7.2 Hz, 4H), 1.20 (t, / = 7.2 Hz, 6H); C NMR (150
MHz, CDCly) & 165.3, 162.5, 151.7, 148.6, 146.4, 133.8, 127.5, 120.0, 116.8,
114.0, 111.6, 108.0, 53.1, 44.5, 32.2, 12.7, HRMS (ED: m/z calcd for
C20H22N203S [M]+ 370.1351, found 370.1354.

Methyl 4-Methyl-2-(4-(4-methylpiperazin-1-yDphenyl)-5-oxo0-4,5-dihy-
drothienol3,2-blpyridine-7-carboxylate (KF-23): &%=% 6p (24.6 mg, 0.0616
mmol, 1.0 F3)S A&l 224 14 KF-23 (10.0 mg, 0.0252 mmol, 41%)
Z d¢S. mp: 135-136 ° C; 'H NMR (600 MHz, CDCly) & 7.60 (d, J = 10.2
Hz, 2H), 7.15 (s, 1H), 7.12 (s, 1H), 6.93 (d, / = 10.8 Hz, 2H), 3.99 (s, 3H),
3.76 (s, 3H), 3.32 (t, J = 5.7 Hz, 4H), 2.62 (t, / = 5.7 Hz, 4H), 2.38 (s, 3H);
BC NMR (150 MHz, CDCly) & 165.3, 162.5, 151.9, 151.8, 146.2, 133.9, 127.3,
124.0, 117.8, 115.6, 114.6, 109.4, 54.9, 53.2, 48.1, 46.2, 32.3; HRMS (ED: m/z
calcd for C21H23N303S [Ml+ 397.1460 found 397.1459.

Methyl 4-Methyl-5-ox0-2-(2,3,6,7-tetrahydro-1H,5H-pyr-
ido[3,2,1-ijlquinolin-9-y)-4,5-dihydrothieno[3,2- blpyridine-7-carboxylate
(KF-24): =3¢&4 6q (50.0 mg, 0.126 mmol, 1.0 TS A3l F34 1
Al KF-24 (18.0 mg, 0.0456 mmol, 36%)S LRS- m.p: 176-177 ° C; 'H NMR
(600 MHz, CDCl3) & 7.16 (s, 2H), 7.10 (s, 1H), 7.03 (s, 1H), 3.99 (s, 3H), 3.76
(s, 3H), 3.24-3.22 (m, 4H), 2.89 (t, / = 6.6 Hz, 4H), 2.10-2.08 (m, 4H); C
NMR (150 MHz, CDCly) & 165.4, 162.6, 153.2, 146.5, 144.2, 133.9, 125.0, 121.6,
120.0, 116.6, 114.0, 107.8, 53.1, 50.0, 32.3, 27.9, 21.8; HRMS (ED: m/z calcd
for C22H22N203S [M]+ 394.1351, found 394.1347.
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3}9= KF-6 ~ KF-8 tigh 3443 (Route O):

- 2-(4Methoxyphenyl)-4-methylthieno[3,2- blpyridin-5(4/)-one (KF-6): &3E&E2

5b (37.9 mg, 0.139 mmol, 1.0 F&F)S DCM (dichloromethane, 1.5 mL, 0.25
Mol &3 Al 7122 N-bromosuccinimide (28.0 mg, 0.193 mmol, 1.1 Z&)LS 0
° Col A7Ig s WhE EFES F2oA 18AZE wRHAIZ. REgo] T4
H, 2 2 mbe ¥3 DM 2 mLZ Al ¥ F&2F ol {7152
Na, SO 2 A=, o3, 9 5t ZAIAZvEI st Sk 1
KF-6 (16.9 mg, 0.0623 mmol, 45%)E AU mp: 158-160 ° C; 'H NMR
(600 MHz, CDCl3y) & 7.63 (d, /= 9.0 Hz, 1H), 7.58 (d, / = 8.4 Hz, 2H), 7.13
(s, 1H), 6.96 (d, / = 8.4 Hz, 2H), 6.55 (d, / = 9.0 Hz, 1H), 3.86 (s, 3H), 3.74
(s, 3H); ®C NMR (150 MHz, CDCly & 162.4, 160.6, 148.9, 145.0, 133.1, 127.6,
126.0, 117.3, 116.6, 114.7, 110.9, 55.6, 32.0, HRMS (ED: m/z calcd for
C15H13NO2S [M]+ 271.0667, found 271.0666.

- 2-(4-Methoxyphenyl)-4,7-dimethylthienol3,2- blpyridin-5(4A)-one (KF-7): &%

=4 5b (60 mg, 0.2736 mmol, 1.0 )= DMF
(N,N-diemthylaminoformamide, 2.0 mL, 0.14 M)ol 83}A]7]aL crotonic acid
(26.6 mg, 0.3283 mmol, 1.2 ¥, BOP (145 mg, 0.3283 mmol, 1.2 Z&), and
DIPEA (119 pL, 0.684 mmol, 2.5 F&HS A7l T2 W3 EAES L
A IAZE REAIZL dkgo] FAEW, & (4 mL)S ¥ EtOAc (ethyl acetate,
4 mDE Al | F5% Qo4 {715 FF NaSOE 1=, A%, 4y 5
ot HES EYE oA ¥ ARERE AAHA S EdE (664 mg,
0.1963 mmol, 10 @B=:HLS DCM A5 mL, 013 Mo £3lsty
N-bromosuccinimide (42 mg, 0.2355 mmol, 1.2 =) and p-toluenesulfonic
acid (3.7 mg, 0.0196 mmol, 0.1 B < A7} b5 ¥ THES ol A
SAIZE WREAIZ, ¥kgo] F43 ¥, = (3 mL)<= ¥i DCM (4 mL=E A #
FEUH. 2o /U1SS 7 NaSO2 A=, o3, 45t w58t Z2y=a
ZolEagyste] sk 1A KF-7 (15.9 mg, 0.0557 mmol, 22%, two steps)
S 9AS. mp: 180-182 ° C; 'H NMR (600 MHz, CDCly) & 7.58 (dd, J = 6.6
Hze} /= 2.4 Hz, 2H), 7.12 (s, 1H), 6.95 (dd, /= 6.6 Hz ¢} /= 1.8 Hz, 2H),
6.37 (d, /= 1.2 Hz, 1H), 3.85 (s, 3H), 3.69 (s, 3H), 2.35 (d, /= 1.2 Hz, 3H);
BC NMR (150 MHz, CDCly) & 162.8, 160.5, 147.5, 144.0, 127.5, 126.2, 119.3,
115.6, 114.7, 111.2, 55.6, 31.8, 19.8; HRMS (ED: m/z calcd for C16H15NO2S
[M]+ 285.0824, found 285.0826.

- 2-(4-Methoxyphenyl)-4-methyl-7-phenylthienol3,2- blpyridin-5(4 )-one  (KF-8):

=2 50 (40 mg, 0.1824  mmol, 1.0 9=HE&  DMF
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(N, N-diemthylaminoformamide, 1.8 mL, 0.1 M)e| &3JA]7]3l trans-cinnamic
acid (32.4 mg, 0.2189mmol, 1.2 Z %), BOP (97 mg, 0.2189 mmol, 1.2 Z=)3}
DIPEA (79 plL, 0.456 mmol, 2.5 B &< Z7IAI7]2 Wb Ed=S F20A 1
AZE aHkAIZL Hhgo] FAEW, & (4 mL)S ¥l EtOAc (ethyl acetate, 4
mhE Al | F=3H. Ao {F71F52 5 NaSO= A=, o34, 44 &
ot MR EgE A g AR BAEA ¥ EFE (68.8 mg,
0.1969 mmol, 10 ©=HES DCM @2 mL, 01 Mol &3t
N-bromosuccinimide (42 mg, 0.2355 mmol, 1.2 32)3} p-toluenesulfonic acid
(3.7 mg, 0.0196 mmol, 0.1 F&H)<S 27 b5 §¥Hg EF=S F2olA 54
b wHkAIZL dkgo] 4% & E 4 mL)S ¥ DCM b mLE A W F&
g Aol 7715 5 NaSOE X, o3, 7Y 53t ZHA=EE
T2}y ste] ShekAl wA) KF-8 (16.4 mg, 0.0472 mmol, 15%, two steps)< &4
<. mp: 165-167 ° C; 'H NMR (600 MHz, CDCly) & 7.68-7.67 (m, 2H), 7.58
(d, /= 84 Hz, 2H), 7.52-7.49 (m, 3H), 7.19 (s, 1H), 6.93 (d, / = 8.4 Hz, 2H),
6.60 (s, 1H), 3.85 (s, 3H), 3.77 (s, 3H); C NMR (150 MHz, CDCly) & 162.8,
160.6, 148.8, 147.1, 145.0, 1375, 129.7, 129.1, 127.8, 127.5, 126.0, 117.4,
114.9, 114.7, 111.2, 55.6, 31.9; HRMS (ED: m/z calcd for C21H17NO2S [M]+
347.0980, found 347.0977.

e 33E KF-9 ~ KF-11, KF-20 ~ KF-21, KF-25 ~ KF-270 o3t &u-A<Ql A
U (Route A)

- 7-Acetyl-2-(4-methoxyphenyl)-4-methylthieno[3,2-blpyridin-5(4 A)-one  (KF-9):
=3E4 5b (30.0 mg, 0.137 mmol, 1.0 B DMF (1.4 mL)o] &3l3s}e]
2-oxo-4-pentenoic acid (18.7 mg, 0.164 mmol, 1.2 Z&), BOP (77 mg, 0.164
mmol, 1.2 &)} DIPEA (61 pL, 0.343 mmol, 2.5 TS 713 & w3
TdES A2oA 308 s wRHg wvkEo] F24E = (1 mbhe ¥x
EtOAc (ethyl acetate, 2 mL)E Al ¥ F=&. Aol F715< ¥ NaSO=
Az, A3, Y w55t AZQAZntEOGYst gk 1A KF-9 (9.6
mg, 0.0320 mmol, 48%)& AAL. m.p: 221-222 ° C; H NMR (600 MHz,
CDCly & 7.64 (d, /= 8.4 Hz, 2H), 7.13 (s, 1H), 7.09 (s, 1H), 6.96 (d, / = 9.0
Hz, 2H), 3.86 (s, 3H), 3.78 (s, 3H), 2.65 (s, 3H); C NMR (150 MHz, CDCl3) &
197.9, 163.0, 160.8, 152.8, 146.1, 139.1, 127.7, 126.1, 118.3, 114.7, 113.1,
109.6, 55.6, 32.4, 26.3; HRMS (ED: m/z calcd for C17HI5NO3S [M]+ 313.0773,
found 313.0772.

- T-Acetyl-4-benzyl-2-(4-methoxyphenyDthieno[3,2-blpyridin-5(4/)-one (KF-10):
%54 5r (60.0 mg, 0.203 mmol, 1.0 Z=)3} (H-4-oxopent-2-enoic acid
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(27.8 mg, 0.244 mmol, 1.2 B#H)S AE3ste] =4 14 KF-10 (20.4 mg,
0.0524 mmol, 26%)E VRS m.p: 202-204 ° C; 'H NMR (600 MHz, CDCly)s
7.54 (dd, /= 6.6 Hz$ J = 1.8 Hz, 2H), 7.33-7.24 (m, 5H), 7.17 (s, 1H), 7.05
(s, 1H), 6.92 (dd, J = 6.9 Hze} J = 2.1 Hz, 2H), 5.52 (s, 2H), 3.83 (s, 3H),
2.67 (s, 3H); BC NMR (150 MHz, CDCly) & 197.9, 163.0, 160.7, 152.8, 145.8,
139.4, 135.8, 129.0, 127.9, 127.7, 127.1, 126.1, 118.5, 114.6, 113.5, 110.1, 55.5,
48.7, 26.4. tlolH & 3ol Rud Ay X3

7-Benzoyl-4-benzyl-2-(4-methoxyphenyDthienol3,2-blpyridin-5(4 4)-one
(KF-11): &3E3 5r (40.0 mg, 0.135 mmol, 1.0 T3} 3-benzoylacrylic acid
(28.6 mg, 0.163 mmol, 1.2 B Ar&ste] F34 1A KF-11 (23.2 mg,
0.0514 mmol, 38%)S AA-S. m.p: 148-150 ° C; 'H NMR (600 MHz, CDCl3)3
7.89 (dd, / = 8.1 Hze} 7= 1.5 Hz, 2H), 7.65 (tt, / = 7.5 Hze} J = 1.2 Hz,
1H), 7.55-7.52 (m, 4H), 7.34 (d, / = 4.8 Hz, 4H), 6.92 (quin, J = 4.2 Hz, 1H),
711 (s, 1H), 6.93-6.91 (m, 3H), 5.54 (s, 2H), 3.83 (s, 3H); *C NMR (150 MHz,
CDCly) & 194.7, 162.4, 160.7, 151.8, 145.8, 139.9, 135.94, 135.9, 133.6, 130.1,
129.0, 128.8, 1279, 127.7, 127.2, 126.0, 120.1, 115.0, 114.7, 110.6, 55.5, 48.7;
HRMS (ED: m/z calcd for C28H2INO3S [M]+ 451.1242, found 451.1245.

7-Acetyl-2-(4-(dimethylamino)phenyl)-4-methylthieno[3,2- blpyridin-5(4 4)-one
(KF-20): =2=4 51 (31.0 mg, 0.133 mmol, 1.0 B)3} (£)-4-oxopent-2-eno-
ic acid (28.1 mg, 0.160 mmol, 1.2 )& AR&ste] @A 314 KF-20 (15.0
mg, 0.0460 mmol, 35%)& VY-S, mp: 196-198 ° C; 'H NMR (600 MHz,
CDCly) & 7.60 (d, / = 8.4 Hz, 2H), 7.08 (s, 1H), 7.03 (s, 1H), 6.73 (d, J = 8.4
Hz, 2H), 3.78 (s, 3H), 3.03 (s, 6H), 2.64 (s, 3H); *C NMR (150 MHz, CDCl3) &
198.0, 163.1, 154.0, 151.1, 146.5, 139.0, 127.3, 121.3, 117.4, 112.4, 108.0, 40.4,
32.4, 26.4;, HRMS (ED: m/z calcd for CI18H18N202S [M]+ 326.1089, found
326.1088.

7-Benzoyl-4-benzyl-2-(4-(dimethylamino)phenyDthienol 3,2- blpyridin-5(4 A)-one
(KF-21): =3E3 55 (40.0 mg, 0.130 mmol, 1.0 ¥&)3} 3-benzoylacrylic acid
(27.4 mg, 0.156 mmol, 1.2 TS Agste] WA 14 KF-21 (25.0 mg,
0.0538 mmol, 41%)E <AL, m.p: 216-218 ° C; H NMR (600 MHz, CDCl3) &
791 (dd, / = 8.4 Hze} /= 1.8 Hz, 2H), 7.64 (tt, /= 7.5 Hze} J = 1.3 Hz,
1H), 7.54-7.49 (m, 4H), 7.35-7.33 (m, 4H), 7.27-7.26 (m, 1H), 7.05 (s, 1H),
6.85 (s, 1H), 6.69 (d, 7 = 9.0 Hz, 2H), 5.54 (s, 2H), 3.01 (s, 6H); *C NMR
(150 MHz, CDCly) & 194.9, 165.5, 153.0, 151.1, 146.2, 139.9, 136.1, 136.0,
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133.6, 130.1, 129.0, 128.8, 127.8, 127.3, 127.2, 121.1, 119.1, 114.3, 112.3,
109.0, 48.7, 40.4; HRMS (ED: m/z caled for C29H24N202S [MIl+ 464.1558,
found 464.1562.

7-Benzoyl-2-(4-(diphenylamino)phenyl)-4-methylthieno[3,2- blpyridin-5(4 /)-one
(KF-25): =%=3 50 (40.0 mg, 0.112 mmol, 1.0 ¥&)3} 3-benzoylacrylic acid
(23.7 mg, 0.134 mmol, 1.2 B)E Ar&ste] WA 1A KF-25 (26.9 mg,
0.0525 mmol, 47%)E 9¢lS. mp: 125-128 ° C; 'H NMR (600 MHz, CDCl»)$
7.86 (dd, / = 8.4 Hze} /= 0.6 Hz, 2H), 7.65-7.27 (m, 1H), 7.56 (dd, / = 6.6
Hze} /= 2.4 Hz, 2H), 752 (t, J = 7.8 Hz, 2H), 7.31-7.29 (m, 4H), 7.20 (s,
1H), 7.16-7.14 (m, 4H), 7.11-7.07 (m, 4H), 6.85 (s, 1H), 3.81 (s, 3H); C NMR
(150 MHz, CDCly) & 194.7, 162.4, 152.2, 149.3, 147.1, 146.3, 139.6, 136.0,
133.6, 130.1, 129.6, 129.0, 128.8, 127.2, 126.4, 125.3, 124.0, 122.5, 119.5,
115.1, 109.8, 32.5; HRMS (ED: m/z calcd for C33H24N202S [Ml+ 512.1558,
found 512.1556.

7-Benzoyl-4-methyl-2-064-10tri-
fluoromethoxy)phenyDthieno[3,2-blpyridin-5(4/)-one  (KF-26): Z%&2 5p
(40.0 mg, 0.146 mmol, 1.0 &) 3-benzoylacrylic acid (30.9 mg, 0.175
mmol, 1.2 B A8t =4 1A KF-26 (22.0 mg, 0.0512 mmol, 35%)&
AL, m.p: 220-221 ° C; 'H NMR (600 MHz, CDCly) & 7.83 (dd, /= 7.2 Hz
e} /=12 Hz, 2H), 7.72 (dd, J = 8.7 Hze} J = 0.9 Hz, 2H), 7.63 (td, /= 7.8
Hze} /= 1.2 Hz, 1H), 7.50 (t, /= 7.5 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 7.23
(s, 1H), 6.89 (s, 1H), 3.80 (s, 3H); “C NMR (150 MHz, CDCly) & 194.6, 162.4,
150.0, 149.9, 145.9, 139.4, 135.9, 133.7, 132.1, 130.0, 128.9, 127.8, 121.7,
121.3, 120.5 (d, J(C-F) = 256.2 Hz), 115.6, 111.7, 32.4; “F NMR (600 MHz,
CDCI3) & -57.8; HRMS (EI): m/z calcd for C22H14F3NO3S [MI+ 429.0646,
found 429.0649.

7-Benzoyl-4-methyl-2-(4-(trifluoromethyl)phenyDthieno[3,2-blpyridin-5(4 /)-one
(KF-27): &3&2 5q (40.0 mg, 0.155 mmol, 1.0 Z&)3} 3-benzoylacrylic acid
(32.8 mg, 0.186 mmol, 1.2 FHF)S AL&3t] =2 314 KF-27 (18.8 mg,
0.0455 mmol, 29%)E LALS. m.p: 236-238 ° C; 'H NMR (600 MHz, CDCl3) &
7.85 (dd, /= 20.1 Hz®} /= 7.5 Hz, 4H), 7.72 (d, /= 8.4 Hz, 2H), 7.67 (t, J =
7.2 Hz, 1H), 7.54 (t, /= 7.8 Hz, 2H), 7.38 (s, 1H), 6.94 (s, 1H), 3.85 (s, 3H);
BC NMR (150 MHz, CDCly) & 194.5, 162.3, 149.4, 145.7, 139.2, 136.7, 135.8,
133.7, 131.1 (q, Jcp = 33.2 Hz), 130.0, 128.9, 126.5, 126.34—126.31 (m), 124.0
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(q, Jem = 270.5 Hz), 121.7, 116.0, 112.3, 32.3; F NMR (600 MHz, CDCly) &
—62.8; HRMS (ED: m/z calcd for C22H14F3NO2S [MI+ 413.0697, found
413.0695.

4-Benzyl-2-(4-methoxyphenyl)-5-0x0-4,5-dihydrothienol3,2-blpyr-
idine-7-carboxylic Acid (KF-28): &¥&2 KF-2 (26.2 mg, 0.0646 mmol, 1.0
FHFH)E &S (2 mL)ol| &3fA17]22 1 N KOH (0.32 mL)S A7} tf2 wh$-
TF=S 70 ° ColA 7hdste] 1AIZHEQF wwkgk wkgo] 4" ¥ 1 N
HCl (2 mL)Z pH 27} 4Hd38kA]A EtOAc (ethyl acetate, 2 mL)Z T-A ®
T Ao F7152 ¥ NaSO= Adx, o3, 4 $58t] = 1
Al KF-28 (19.8 mg, 0.0506 mmol, 78%)& LA m.p: 246-248 ° C; 'H NMR
(600 MHz, DMSO-dg) & 7.71 (d, 7 = 9.0 Hz, 2H), 7.68 (s, 1H), 7.33-7.30 (m,
4H), 7.26-7.23 (m, 1H), 7.02 (d, / = 9.0 Hz, 2H), 6.95 (s, 1H), 5.51 (s, 2H),
3.80 (3H); C NMR (150 MHz, DMSO-dp & 165.5, 161.3, 160.2, 149.7, 145.6,
136.7, 135.5, 128.6, 127.34, 127.30, 127.2, 125.3, 117.2, 114.7, 113.9, 111.7,
55.4, 47.4; HRMS (FAB): m/z calcd for C22H18NO4S [M+HI]+ 392.0957, found
392.0954.

2-(4-(Diethylamino)phenyl)-4-methyl-5-ox0-4,5-dihydrothieno[3,2-blpyr-
idine-7-carboxylic Acid (KF-29): &a=4 KF-22 (22.4 mg, 0.0605 mmol, 1.0
TS A2 (2 mbL)eo €3§A17]a2 1 N KOH (0.3 mL)g A 7}3k o} wks-
TF=EE 70 ° ColA 7hdste] 1AIZHEF wRESE whgo] FH" %, 1 N
HCl 2 mL)Z pH 2742l AFA 8k Al A EtOAc (ethyl acetate, 3 mL)Z oA W
T Ao F71F2 7 NSO A=, o3, A st 324 11

Al KF-29 (13.8 mg, 0.0387 mmol, 64%)& A2, m.p: 257-258 ° C; 'H NMR
(500 MHz, DMSO-ap & 7.63 (d, / = 8.5 Hz, 2H), 7.56 (s, 1H), 6.79 (s, 1H),
6.73 (d, /= 9.0 Hz, 2H), 3.67 (s, 3H), 3.42-3.37 (m, 4H), 1.19 (t, /= 7.0 Hz,
6H); *C NMR (150 MHz, DMSO-d@y) & 165.7, 161.3, 151.2, 148.2, 146.5, 127.2,
119.4, 115.5, 112.4, 111.4, 109.4, 43.7, 32.0, 12.5; HRMS (FAB): m/z calcd for
C19H21IN203S [M+H]+ 357.1273, found 357.1276.
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4. Solvatochormic effect 2 & W

o AREN (1 mME AFEst] kgt 248 &ME AR HFE 55 10 p
ME FH|3 A5+ UV-Viset 333 £33 EAE ol &3t A=
2. KF-2¢} KF-22, KF-24°] )3} solvatochromic effect
ol & KF-2 KF-22 KF-24
I | s
ve | wo O | DO | D
o7 ome ome | o“f;“ozwe
/g Aabs | AEm . Aabs | AEm . Aabs | AEm .
(nm) | (nm) (nm) | (nm) (nm) | (nm)
Hexane - - - - - - - - -
Toluene 402 473 0.98 434 504 0.98 442 529 -
THF 402 472 0.99 436 543 0.97 430 502 -
CHCls 400 472 0295 442 545 0.99 454 580 0.48
DCM 400 472 0.90 442 562 0.91 454 615 0.25
MeCN 396 474 0.77 436 605 0.08 448 511 0.02
DMF 402 477 0.99 442 604 0.16 456 509 0.10
DMSO 404 480 0.99 446 615 0.1 460 508 0.17
EtOH 400 480 0.99 444 516 0.04 458 508 0.09
MeOH 396 484 0.99 444 503 0 456 493 0.30
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3. KF-28% KF-29¢] tjgt pH HXEE

°1% KF-28 KF-29
Bn |
e N0 PR,
Tz e jjj B ijj
Q7 OM 07 O
(nm) (nm) (nm) (nm)
pH 1 - - 382 461
pH 2 - - - _
pH 3 381 482 378 441
pH 4 382 475 376 436
pH 5 381 475 373 434
pH 6 379 475 - _
pH 7 382 476 - _
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1989, KF-16¢ “C NMR
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19103. KF-23¢] ®C NMR
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H 6 & A7/ Eotd e theaEd A+ A4

Synthesis, Molecular Engineering, and Photophysical Properties of

Fluorescent Thieno[3,2- blpyridine-5(44)-ones

fH

-1

m AT AR BYT UE

o B AFE E3 thienol3,2-blpyridine-5(4A)-one AL AF FGo
KIOST Fluor, KF& ==%

. F5o (bsorption wavelength) o]7]9t4  (excitation wavelength)
@Ww}ﬂ (emission wavelength), B&33 714 (molar extinction coefficient),
A+EL  (quantum  yield), Stokes shift, fluorescence lifetime
KIOST-Fluor =459l 7124 $Zeld 44¢ B0z sisfrzst &

E Arele] #AE =hetdl

& ®m Thieno[3,2-blpyridine-5(4H)-one7]1 ¥k A £} dFFto] 837 FAY 7=

« BOP [(benzotriazol-1- yloxy)trls(d1methylammo)ghosphomum
hexafluorophosphatel&  ©] 83 aza-[3+3] Fejx7ptem s 7)usto]
k3l 715712 zhe thienol3,2- blpyridine-5(4£)- “oned AL %”4 3.

o?L o<

m T3 34 Hsle) nE YFEAL TF
* A9 KIOST-Fluor =A< uj] = A3 Eﬂ;}
(s}

=

1 3}
Bl

A EgE g5
5}etx] 3JtAo]l goldtn EA
718k KIOST-fluor 217 &

. BOP[(benzotrlazol 1 Jg_loxy tr
hexafluorophosphate]& o] &

i‘l

—_’r;f?} thieno[3,2- blpyridine-5(44)-one
9

:LI
ZQ
A
ttlo
o
?

dimethylamino)phosphonium
] 1AM AT

-10 ox
4 &
ox 1o

m Fgsgel v =

o
 Thieno[3,2- blpyridine-54A)-one @ F T 7]RF=ol| TR 23]
%47&" 390 nm%EH 670nm77]-?<] THAF =
- FEAE =901 ol FEA
shiftgk @ 3 ¥7] 5 FFLAE H &7l AF

O ( The ]oumal ofOrgamcChemzstry
JANUARY 4, VOLUME 8, NUMBER 1 s

e J Org. Chem. 2019, 84, 379-391. AlA)
e Journal of Orgamc Chemistry editorial

office 2 € ‘supplementary cover
art’ ¢S ol 7|AZTHe} HAZTHE
DE=S

o IUYEF =4 (299 s
10-2017-0163722), PCTEd (EdH 3.
PCT/KR2017/015585)

e 2017 ISHC (international society of hetero-
CXCHC chemistry) in Regensburg Germany
Hh

ACSPublications www.acs.org

7 Most Trusted. Most Cted. Most Read
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Gold(D-Catalyzed Cycloisomerization of A-Alkenyl Alkynylamides: A
o437 -2, Golden  Avenue for the Access to Highly  Fluorescent
Thieno[3,2- blpyridine-5(4 A)-ones

B F7)F&EE0E o] &3 KIOST-Fluore] A 7

e H71 FO =v|E o]83 Malkenyl alkynylamides®] 12]o]Al & A3}
8-S 7)@sle]  2-pyridonest  thieno[3,2-blpyridine-5(4H)-one & & ¢t
/gl A8k

e o] HEE BOPE ©]§3 KIOST-Fluor W FE AsHYZo|o]A
BOPE A7 o#lE f&EAle a0FdE ol&3 ol 7Hssta,

g OO0 o|&3 Ay olEe  KIOST-Fluor:= BOP=
ol g5ty FAAY 4 2.

43 m g Te] FEH B4 24 g5

W& o FAvd, ¥3ad, oriawy, EFFAS, Stokes  shift,
SA=E&(quantum_ yield), solvatochromism%s #EZet 7Qdtels F23F
BFEEd 54& 43t A9 slerxet PG e #AE
T 3

B FgE YFEZAS o) &3 guE gFmA A AL A
o FHT Eol ¥FEH B =F 53 A AAAE 9 Ha & A

ol &8 dF AANGTE 84S By glo] do 2 KIOST-Fluors
285 FFAA, FFEA A, FFzaE Jhdo] T,

Agste]  Z+ZF vimentin,
HFATA ARATF 2

 BOPE o] &3 aza-[3+3] me]37} w82 pyridone 7H kol olNHE
Wz, of~El 5 F2 zAwsl(electron acceptor) EAS  Zt=
717150l EYHJE €2 Ee F4& TS EYIr] AsAE
HESNISS B9 HE9 w3 S Agdok s
e 1Y 7] FOFUE o83 ago|dAAst wEe F£A ¢H
H7] 5 BOP ®REAA  FA37| e FEAES mildd
WA A F 82 dS F e dF9 BOPHSIH= A4RF
A e FHHEL.
o #7] BDOFWE o83 o)A WS F3 FAF7)(electron
A 51}9] donor) E+= FAE7 (electron acce\ptor) Ades Ze gYd
o HIF=AE KIOST-fluordF e 71E=4o =4 4 UA H.
T4
B FE-FF AEAA AT T
« F4E RFEAEY 7B FEH EHS SAHEA I Tze FEHUH
54 Aole] AZSHAAE T3P o, ol AR FPW e
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Access to Highly Fluorescent Thieno[3,2-blpyridine-5(4A)-ones (manuscript 4] %)

» Gold(D-catalyzed synthesis of 2-arylthienol3,2-blpyridine-5(44)-ones and studies toward a
small-molecule fluorescent probe for vimentin (2018. 08.22, Westin Boston Waterfront, 2563]
v =535} 8 3] - B~ F) ) )
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. O9F ZEolec] EAo] wel PDA-1e] Bs4dd wsE g,
PDA-To] 2o 20 tfs) Melzlog Fspydol Walge 2.

Tetrahedron Lett. 2017, 58, 4340-4343. =&AA
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