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ABSTRACT

The development of imaging agents for in vivo

detection of alpha-synuclein-6yn) pathologies cam=sor
. . . | X770
faces several challenges. A major gap in the fijilils

Ky a-syn = 18.8 nM

PD Brain 5 Ky AP =575.0 nM

is the lack of diverse molecular scaffolds with

high affinity and selectivity ta-seen fibrils for

Lewy Pathology , , . §

in vitro screening assays. Better in vitro
scaffolds can instruct the discovery of betterirovagents. We report the rational design,
synthesis, and in vitro evaluation of a seriesafat 1-indanone and 1,3-indandione

derivatives from a Structure-Activity Relationsl{pAR) study centered on some existing



a-seen fibril binding ligands. Our results from fllwaturation binding experiments show
that two of the lead candidates bimdeen fibrils with binding constants {Kof 9.0 and
18.8 nM, respectively, and selectivity of greatert 10x fora-seen fibrils compared with
amyloid{3 (Ap) fibrils. Our results demonstrate that the legdrids avidly label all forms
of a-seen on PD brain tissue sections, but only thealeare of senile plaques in AD
brain tissue, respectively. These results are boreded by ligand-antibody colocalization
data from Syn211, which shows immunoreactivity ta¥gaall forms ofi-seen aggregates,
and Syn303, which displays preferential reactitatyards mature Lewy pathology. Our
results reveal that 1-indanone derivatives haveatds properties for the biological

evaluation ofx-synucleinopathies.

1. Introduction

Pathological deposits of misfolded protein aggregatre a prominent characteristic
of neurodegenerative disorders such as Parkindm@#ase (PD), Alzheimer's disease
(AD), and related dementid$. PD is the second most common neurodegeneraseask
after AD and is characterized clinically by motgnmgptoms, including bradykinesia,
rigidity, tremor, and postural instabiltyThe development of motor symptoms has been
shown to correlate with degeneration of dopamimengurons in the substantia nigra,
accompanied by cytoplasmic deposition of Lewy platipp in the form of Lewy bodies
(LB) and Lewy neurites (LN). Lewy pathology is coosed primarily of misfolded alpha-

synuclein §-seen) aggregates. The regional distribution-séen in PD postmortem



studies suggests that this pathology originates tite olfactory bulb and the lower brain
stem and undergoes progressive spread to other afrdzde CN$°. Empirical data also
shows abundant LBs and LNs in the medulla oblongeatine tegmentum, and anterior
olfactory bulb before the manifestation of PD-rethtmotor symptomis. Motor symptoms
appear at the intermediate stages of the disedsewthe pathology has spread to the

substantia nigra and other foci within the basatipos of the mid- and forebr&in

The correlation of Lewy pathology with nigrostriediegeneration and motor
dysfunctiort® in post mortem studies of PD patients suggestddishnologies enabling
noninvasive detection and quantificatiorneseen aggregates could be valuable for early
diagnosis and clinical evaluation of Lewy body ddsrs. Early detection can provide
better opportunities for the recruitment of patieolorts for clinical trials, evaluation of
disease-modifying therapies, and validation of ewg candidates' therapeutic efficacy.
Some data indicate that as the disease progressas,PD patients develop dementia,
which correlates with other protein aggregatesiamdation. For instance, a study focused
on PD patients who developed dementia revealedaffaat fromu-seen accumulation in
the neocortex, there was also was widesprgadcdumulation in about 60% of the
patients, with 3% of cases showing tau accumulatiaudition toa-seen and AL°,

Consequently, highly selectiveseen agents are desirable for an accurate diagoiBD.

The recent approval of several small-molecuepasitron emission tomography
(PET) imaging agents has dramatically improvedetmechment of cohorts for

Alzheimer's disease (AD) drug clinical trigland invigorated the search for similar agents



against other proteinopathi€s®14 A variety of molecular scaffolds (Fid) with

moderate to high binding affinities teseen fibrils (albeit low selectivity versug Aibrils,
except®F]WC-58a) have been reported over the past decade as ipbfeBT agents, but
none have been successful in clinical transl&tit’ The discovery of new molecular
scaffolds are desirable to further the searchlinrcally translatabler-seen ligands. We
report the design, synthesis, anditro evaluation of novel 1-indanone and 1,3-
indandione derivatives with moderate to high bigdaffinities toa-seen fibrils. The lead
candidates show greater than 10x selectivityufeeen versus B\fibrils and avidly label

all forms ofa-seen aggregates in confirmed PD brain tissue.
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Figurel. Key representatives ofsynuclein aggregate binding ligands with some ele@f selectivity

versus /A aggregates.

2. Results and discussion



2.1.Molecular design.

A common feature in reportedseen ligands is two aromatic ring systems sepérate
by a spacer, which could be conjugated double ®)r{dompound§?3]IDP-4, 1,
[*8F]WC-584a, ['8F]BF227, and['®F]2), or a heterocycldtF]3). Structure-activity
relationship studies (SAR) aroufid™]IDP-4 18, 1, and[*¥F]WC-58a® respectively,
suggested that the number and configuration ottmgugated double bonds play a
significant role in both binding affinity and seleftty. For instance, in the indolinone
series (1 and [18F]WC-58a), indolinone-dienes digptl higher binding affinities for both
a-seen and A fibrils over other indolinonéd Increase in steric bulk around compound
(a-Syn Kj = 14.6 nM and B Kj = 36.2 nM) by replacing the N-H proton with a beinzy
group in[*¥F]WC-58a (a-Syn Kg = 8.9 nM and & Kg =271 nM) increased both binding
affinity and selectivity for-seen versus A Despite its high binding affinity and highest
selectivity towardsi-seen versus [freported to date, the highg Pvalue (4.18) of
[*8F]WC-58a hampered further in vivo evaluatiSnHowever, it provides a template for
further SAR-based searches for small molecule tigamith high affinity and selectivity
towardsa-seen aggregates versug. Aherefore, we chose compouhds a template for
SAR studies in search of new small molecule con&rwith high binding affinity and

selectivity toa-seen aggregates.
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Figure2. Molecular design of new-synuclein ligands.

Our molecular design (Fi@) targeted all three parts of the molecule: thelimdne ring
(A), the diene bridgeB), and the second aromatic rir@)( Previous reports suggest that a
fused [6 + 5] ring system including 3- (benzylidg@eones?®, the benzoxazole
[18F]BF227%°, the thiazolg''C]PBB3%! and benzofuranon®&sfor the "A" ring system

may impart better affinity than a [6 + 6] ring s31st as observed with quinolines such as
[*8F])2 and['®F]3. Furthermore, a-carbonyl to the six-membered ring, as seen irBthe
(benzylidene)-2-ones aftF1]IDP-4 , also appears to contribute to the binding affinit
We, therefore, selected 1-indanone and 1,3-indaedis the starting points for new
derivativeso-Tetralone and 4-Hydroxycoumarin-based scaffoldseve¢so included to
verify further the observation that [6 + 5] ringsgsms are better binders than [6 + 6] ring
systems for this portion of the molecule. For thdding system, we maintained the diene
in some derivatives, but also included derivativeshich one of the double bonds was
replaced with an electron-rich thiophene moidiyt¢ increase the electron density were
also included. Derivatives with overall increaseidity within the molecule were

introduced by "locking" the second double bondan tifferent ring system$(@nd6).



Derivatization around ringC" employed both electron-rich and electron-defitien

aromatic rings as well as heterocycles.

2.2. Chemical Synthesis.

As shown in Schemg, the first series of derivatives (Fig). in which ringA is replaced
with either a 1-indanon- (equationto generate compounds- 15), 1,3-indadion-
(equationii, to generate compounds — 22), a- teralonyl- (equationii, to generate
compoundf3-—24), or coumarin- (equation, to generate compounés-28) moieties,
while maintaining the diene bridgB), were accessed by simple acid or base-catalyzed
aldol condensation reactions of the desired kelbstsate with the corresponding
cinnamaldehyde derivatives. Early runs suggestaitiie monoketo substrates resulted in
cleaner reaction products and better yields unddrcaconditions while the diketo
substrates preferred basic conditions. Therefoleseyuent reactions involving these
substrates were carried out under similar reactioitions. BotHH and**C NMR

spectra of the resulting dienes showed peaks densisith a single product, suggesting
that only one of the two possible isomdfsHor Z,E), was formed. Further analyses of
their heteronuclear multiple bond connectivity (H&IBand nuclear Overhauser effect
(NOE) spectra suggested that the isolated prodactsheE ,E configuration due to NOE

enhancements observed between the highlightednz¢kag.4).
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Figure3. First generation 1-indanon-, 1,3-indandiantetralon-, and 4-oxocoumarin-diene derivatives.



NOE

Figure4. Nuclear Overhauser effect HHE configuration of diene derivatives.

The second series of 1-indanonyl- and 1,3-indamgilbdiene derivatives (Fic)
was generated by appending a second ring to 1-omy&idliene bromides/(and11), and
1,3-indandionnyl-diene bromidé&7), via Suzuki coupling of the respective arylbomni

esters to generate compoud®s35 as shown in equationsandvi (Scheme?).
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Scheme?. Synthetic routes to second-generation 1-indaaod-1,3-indandion-diene derivatives with the

second ring appended to ringG@oand thiophene insertion into diene bridge.

Derivatives in which one of the double bonds ofliheging diene system is
replaced with an electron-rich thiophene moietintwease the electron density within the
molecule were synthesized in two steps as showquationwii - ix (Scheme?). First, 5-
bromo-2-thiophenecarboxaldehyde was exposed tddnmne (or 6-hydroxyl-1-
indanone), under aldol condensation reaction camditto yield the thiobromo
intermediate86, which was then exposed to a variety of arylbar@sters under Suzuki
coupling reaction conditions (equatiei) to generate compoun@s - 44. Similarly, other
derivatives in this series were prepared from tdelaondensation of 1-indanone
(equationsvii andviii) anda-tetralone with 4-bromo-2-thiophenecarboxaldehyuai %+
bromo-2-thiophenecarboxaldehyde respectively, terge the corresponding
thiobromide intermediate4s and48. These intermediates were then exposed to differen

arylboronic esters to obtain compourddisand47, and compound49 - 51, respectively.
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Figure5. Second generation 1-indanonyl- and 1,3-indandibdiene derivatives with the second ring

appended to ring to C and thiophene insertiondiitae bridge.
Analysis of NOE (Fig6) and HMBC spectra of compoun8s, 45, and48 showed that

the ensuing double bond from the respective aldotiensation reactions all had the

conformation.

Figure6. NOE interactions in compoung@s, 45, and48.



Various derivatives (Figr) in which one of the double bonds of the bridgiingne
Is masked within a ring system to increase rigidiithin the molecule were accessed, as

shown in Schema.
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Scheme8. Synthesis of various derivatives with more rigiductures.

All members of this series were accessed in aeialglol condensation reaction between

the respective keto-derivatives and correspondihehgdes.
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Figure7. Various derivatives.

Analysis ofH and**C NMR (see Supporting Information) and high-resoluimass

spectra (HRMS) of each compound was used to eliecekch structure. UV/VIS



absorption and emission spectra of all compounds vexorded in phosphate-buffered
saline (PBS), and those with fluorescence proesiigtable for fluorescence microscopy

studies were further evaluated in synthetic fibniiding studies.

2.3. Binding affinity (K) to synthetie:-syn fibrils.

All synthesized compounds (excd@and28) exhibited fluorescence propertiesPBS
(Tablel). To survey the relative binding affinity {Kof the ligands ta-syn fibrils, each
ligand was subjected to a saturation binding patocwhich synthetiai-syn fibrils at a
final concentration of 2.5 uM were incubated witbreasing concentrations of the ligand
for 1 hour. Specific binding was plotted againgahd concentration, and curve fitting to a
one-site binding model using nonlinear regressioMATLAB software was used to
establish saturation binding curves (Sddigures in Supporting Information). The
reported relativdKy of each compound (Table 1) represents the mgamlkie determined
by curve fitting the data to the equation Y 7,Bx X/(X + K,), from three different
experiments, run in triplicates. All compounds withivalues> 2 uM (compound¢¥, 11,

16-18, 28, 52-54 and56) are reported aso binding(NB).

The 1l-indanon-diene derivatives appeared to bereittiders than the
corresponding 1,3-indandion- diene, as exemplifie8 vs.20 and10vs.22. Any
aromatic substitution (activating3 or deactivatingl4,and15) on the 1-indanon-diene

moiety reduces binding affinity compared to the4sabstituted derivatives0 and8,



respectively. The-tetralon-diene and coumarin-diene derivativeslatiwed more inferior
binding than the corresponding 1-indanon-dienelag@dndandion-diene derivatives, as
exemplified byB, 20, 23, and25. Apart fromcompound32 with a Ky of 18.8 + 4.0 nM,
appending a second ring to the phenyl gratipdoes not appear tmprove the binding
affinity of either the 1-indanon-diene or 1,3-indam-diene system. Similarly, replacing
one of the double bonds in the diene bridge witelantron-rich thiopenyl moiety
(compounds8 vs. 39) has no positivémpact on the ligands' binding affinity éesyn

fibrils, albeit some modest& (compound87 and39, and42). Rendering the system more
rigid by masking the second double bond of thedinigl diene in a fused ring with

(compound$2 —58) leads to poor and non-binders.

Tablel. Absorption/Emission maxima and binding affini&gf of compounds ta-syn fibrils. Ky = mean

+ SD (n = 3).

Compd. ID AbSnmax  Emmax  Kga-syn (nM) Log P? Compd. ID AbsSmax  EMmax  Kg a-syn (nM) Log P?
7 XW-01-58 332 430 NB 4.9 32 XW-01-64 392 563 18.8+4.0 4.9
8 XW-01-11 405 542 9.0+05 3.5 33 XW-02-07 398 565 148.7 + 20.6 5.4
9 XW-02-24 450 589 38.4+13 4.0 34 XW-01-63 358 409 1426 + 46.8 4.4
10 XW-01-09 336 438 384+1.3 3.6 35 XW-01-60 414 556 742+ 14.3 4.4
11 XW-01-52 335 429 NB 4.5 37 XW-01-92 431 524 38.7+x4.1 4.6
12 XW-01-61 406 614 202.9+15.9 3.9 38 XW-02-16 408 563 159.8+10.0 4.4
13 XW-01-16 356 443 726.0 £ 23.6 33 39 XW-02-17 403 575 93.1+13.8 4.1
14 XW-01-18 338 545 240.6 £47.9 3.8 40 XW-02-14 413 597 1604+ 7.1 5.5
15 XW-01-17 330 439 398.1+3.9 3.9 41 XW-01-84 410 567 272.1+£29.9 4.1
16 XW-01-53 331 421 NB 3.1 42 XW-02-15 387 547 92.9%6.3 4.3
17 XW-01-50 328 419 NB 3.9 43 XW-01-83 386 572 236.4+10.4 3.7
18 XW-01-01 332 421 NB 3.3 44 XW-02-01 412 545 134.1+19.2 4.3
19 XW-01-05 416 - NB 34 46 XW-01-89 368 454 1533+ 7.9 4.6
20 XW-01-02 402 572 445%6.1 2.6 47 XW-02-02 340 404 333.1+£28.3 3.8
21 XW-01-56 434 450 268.2+11.7 2.5 49 XW-02-87 372 551 161.6 + 13.6 5.1
22 XW-01-03 336 460 1325.3+181.8 2.8 50 XW-02-88 417 596 110.7+7.8 5.1
23 XW-02-21 401 549 85.1+13.4 3.9 51 XW-02-89 442 613 1069+ 7.5 4.5
24 XW-02-22 397 565 97.6+5.7 4.7 52 XW-01-29 354 406 NB 2.7
25 XW-02-90 490 621 116.3+0.7 2.9 53 XW-01-28 428 471 NB 2.3
26 XW-01-45 440 657 1185+ 21.1 3.7 54 XW-01-27 336 406 NB 3.9
27 XW-01-46 442 661 1143+ 13.5 4.2 55 XW-01-31 384 519 1183.1+ 88.0 2.2




28
39
30
31

XW-01-47
XW-02-20
XW-02-13
XW-01-87

405
397
414
368

551
597
540

NB
66.7+ 2.0
236.3+10.5
125.5+5.0

4.5
5.2
5.6
4.7

56
57
58

XW-01-91 321 409 NB 3.8
XW-01-33 326 388 655.6 + 88.0 2.8
XW-01-38 344 385 1685.3+ 252.0 2.4

80btained from ChemBioDraw Professional 16.

2.4. Fluorescence properties and ligand binding-tsyn versus Afibrils.

Althougha-seen aggregates represent the most dominant desfplrotein aggregates

encountered in PD and other synucleinopathiesyakestidies suggest thagAand tau

aggregates often overlap withsyn. For instance, in PIl@;syn accumulation may be

accompanied by widespread accumulation pirAa significant number of casés

Potentialo- syn agents for in vivo applications must be dughly sensitive and selective

(especially versus [ to minimize false positives in such cases. Ttadipinary o-syn

fibril binding studies of 11 ligands showed highmtoderate affinity (K< 100 nM). The

fluorescence properties and binding affinity ofstaéigands ta-syn compared to A

fibrils were further evaluated. The absorption andssion maxima and the fluorescence

guantum vyields of the free ligand and in the presef either-syn or A3 fibrils were

determined. As exemplified by data for ligani&/-01-11 andXW-01-64 (Figure8), all

the ligands show minimal fluorescence at concapntrak 0.5uM in aqueous media, but

this increased remarkably upon the addition ofegitksyn or A3 fibrils.
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Figure 8. Samples of absorption/emission spectra of free ligands and when bound to a-syn or AR fibrils.

The increase in fluorescence is accompanied bytebtlaromic shift in both absorbance

and emission maxima from free molecule to ligatiificomplex, accompanied by an 8 to

15 fold increase in fluorescence quantum yield umpmand binding tax-seen fibrils and an

additional 2 to 3 fold increase upon binding t tforils (Table 2). Full details of the

fluorescence properties, including fluorimetricattons and quantum yield determination,

are included in the supporting informatid®?. The observed bathochromic shifts in

fluorescence and emission maxima, the increadaanelscence, and fluorescence

guantum yields upon fibril binding by these liganaise consistent with other observations

of B-sheet binding ligands including the ThioflafA#* and more recently reported

benzofuranonés



Table 2 Fluorescent properties of ligand-fibril complexd#dead compounds.

ADbSmax EMmax Fluorescence quantum yield
Compd. ID Ligand + a-sin Ligand + A8 Ligand + a-sin Ligand + A8 Free ligand Ligand + a-sin Ligand + A8

8 XW-01-11 446 441 585 579 0.0079 0.078 0.1363
9 XW-02-24 462 460 610 609 0.0059 0.0805 0.1465
20 XW-01-02 440 438 603 598 0.0061 0.0482 0.1419
23 XW-02-21 447 454 587 584 0.0051 0.0763 0.1890
24 XW-02-22 452 435 582 585 0.0063 0.0668 0.1377
29 XW-02-20 428 424 583 574 0.0052 0.0766 0.1543
32 XW-01-64 448 443 586 583 0.0104 0.1125 0.2498
34 XW-01-60 425 437 601 595 0.0097 0.0878 0.2058
37 XW-01-92 443 446 553 556 0.0063 0.0765 0.1074
39 XW-02-17 439 448 589 586 0.0031 0.0435 0.1377
42 XW-02-15 465 478 572 581 0.0050 0.0596 0.1130

The relative Ks of the ligands binding to[Afibrils was determined in similar
saturation binding assay with thesyn fibrils. The results (Tab® suggest that in
general, these ligands have a weaker affinity gacdmpared ta-syn fibrils. Apart from
compound?9, all the other compounds have triple-di§t fibril K4s (nM), compared to
double-digita-syn fibril. A comparison between the twQ¥of each compound suggests
that compoun@, the leadr-seen binder (Ka-syn= 9.0 £ 0.5 nM), has a 12.5 fold
selectivity versus A. The more moderatesyn binders compound? (K o-syn= 18.8 +
4.0 nM) and37 (K4 a-syn= 18.8 + 4.0 nMhave 30.6 and 11.2 selectivity versys A
respectively. These double-digit selectivities mtiaese the top three candidates from this

study and are among the most seleatisynversus A ligands reported.



Table3. Comparison ofi-syn versus A fibril binding of top ligands. K= mean + SD (n

=3).
Compd. ID Ka a-syn (nM) KaAp (nM) Selectivity
a-syn v/s Af (fold)
8 XW-01-11 9.7+0.6 140.3+4.2 14.4
9 XW-02-24 30.2+4.0 156.7 +£5.0 5.2
20 XW-01-02 385+0.9 154.1+11.8 4.0
23 XW-02-21 76.1+23.4 143.7+£13.0 1.8
24 XW-02-22 94.8+6.3 165.2+7.1 1.7
29 XW-02-20 70.4 £9.6 525+3.1 0.7
32 XW-01-64 18.8+4.5 491.1 +58.9 26
34 XW-01-60 87.8+16.8 337.3+11.7 3.8
37 XW-01-92 349+2.6 392.5+64.4 11.2
39 XW-02-17 60.1+32.8 256.7+£20.3 4.2
42 XW-02-15 91.2+4.3 250.0+37.1 2.7

The 1-indanone and 1,3-indadione derivatives repdnerein were all synthesized
In one or two steps employing facile aldol condénsaand Suzuki coupling reactions,
which are highly reproducible and scalable. Thalfliinding experiments suggest that the
1-indanone and 1,3-indadione-dienes are betteemsrtian the tetralones and coumarins.
Apart from ligands32 (K4 = 18.8 £ 4.0 nM) an@7 (K4 = 38.7 = 4.1 nM) with moderate
binding affinities, appending second ring to ring C or replacing one of thebi®bonds
in the diene bridge with a thiophene ring to inseealectron density within the molecule
does not appear to be favorable for bindifige top teru-seen binders (except f@g, K
AB = 49.3 = 4.9 nM) all shownuch lower affinity to A fibrils suggesting a general
selectivity fora-syn over A8 aggregates by this structued@iss. The top twa-syn binders,
8 (Kqa-syn =9.0 £ 0.5 nM) and2 (K4 a-syn = 18.8 £ 4.0 nM) also turn out to be the most

selective, with selectivity of 12.5 and 30.6x regpely. These Kvalues and double-digit



selectivities are comparable to those of one ohtghest binding and selectigesyn

ligand [F8F]WC-58a (K4 0-syn = 8.9 nM and KAB = 271}, reported to date from fibril
saturation binding assays. Taken together, ouritgnghata, in combination with the
recently reported benzofuranofesuggest that the [6+5] bicyclic ring systein(Fig. 2),

Is more favorable for binding and selectivity trea[6+6] system. As previously reported,
the diene bridgeB (Fig. 2) separating the two ring systends ndC), appears essential.
An increase in the system's electron density blaoépgy one of the double bonds with a
thiophene ring does not appear to have any sigmifitavorable impact on binding affinity

or selectivity.

2.5. Fluorescent human PD and AD tissue staining.

The three lead ligands were further evaluatedthlwtro fluorescent staining of
neuropathologically verified postmortem brain sagsdtom PD and AD cases. Two
different antie-syn antibodies, Syn2%% and Syn303, were employed to highlight
misfoldeda-syn aggregates in PD brain sections while theAptantibody, 4G8, was
used to highlight A aggregates in the AD brain sections. The decisiarse two different
anti- a-syn antibodies is vital because while they bobielanisfoldedu-syn aggregates,
Syn211 is known to label all forms of aggregatesuding LBs and LNs as well as small
thread and dot neurites (suggested to be markehe afery early stages of the disease),
meanwhile Syn303 is more sensitive to mature LBELdS®®, Sections from the PD

brain's frontal-cortex were permeabilized and #datequentially with antibody Syn211



and 1uM solution of each compound and visualized by coafonicroscopy. Figur8,
columnl (blue fluorescence), shows fluorescence HOECHSi bighlighting cell

nuclei, thereby providing a perspective of cell lesdvithin the tissue. Colunih (red)
depicts ligand fluorescence, colutih (green) depicts fluorescence from the antibody,
and columnV is a composite image created by merging thetfrste images. Row
shows images obtained from a section of the frartetex from the PD brain, treated with
compound (XW-01-11). The ligand avidly labels Lewy pathology withlmettissue.
Colocalization of the ligand and antibody signalgh similar pattern and labeling

intensity confirms that they both bind the saménplaiy.

Similarly, a section treated with ligad@ (XW-01-64), row B, also shows the
ligand's avid labeling of Lewy pathology by thedligl, which is corroborated by the
staining pattern intensity of the antibody. As alied with ligand3, a composite image
merging the ligan®2, and the antibody images also show colocalizatfdroth signals,
confirming the efficiency of these ligands in lahglLewy body pathology in postmortem
human PD brain sections. In Z-stacked images ofrdated tissue (Ro®), the pathology
appears to surround dark holes (white arrows)enifand and antibody channels. A
composite image created by merging nuclear stgiand, and antibody signals shows that
dark spots in the ligand and antibody channelsheeespots occupied by the nuclei, which
IS more prominent at high magnificatidd)( The proximity and location of the nuclei

suggest the presence of cytoplasmic inclusions.
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Figure 9. Confocal microscopy images of PD brain tissudiees co-stained with antibody, S¥11 and ligands88 (XW-01-
11) and32 (XW-01-64) respectively. Fresh frozen brain sections wewdfiwith 10% formalin solution and then permealal
with 0.1% Triton-X 100. Section were incubated vétitibody, followed by the respective ligands af@BECHST.A) Sectiol
of the frontal cortex treated with compoudidred) show avid labeling dfewy pathology within the tissue. Labeling pat
is consistent in the antibody channel (green) azwhaposite of the two images showsooalization of the ligand and antibc
signals.B) Section treated with ligar@R (red) also shows avid labeling of Lewy patholodyiah is corroborated bgntibody
staining (green). A composite image of the two showrlocalization of both signal€) Z-stacked image of treated tissue
pathology appears to surround dark holes (whiteves) in the ligand and antibody chann&3$. Composite images at higl
magnification created by merging nuclei stain, tidaand antibody signals show that dark spotseénittand and antibody
channels are the spots occupied by the nucleiestigg (as expected), that the observed path@oggytoplasmic inclusio
and not extracellular aggregatesmple images from control brain tissue without any pathology are included in the Supporting

Information (S3).
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Figure 10. Confocal microscopy studies on contiguous PD brain sections show that ligands bind all conformations of a-seen aggregates
including early stage small dot and thread neurites as well as mature Lewy bodies as exemplified by XW-01-11. A) Confocal microscopy
images of PD brain section treated with ligand and antibody Syn211 which labels all forms of a-seen aggregates shows labeling of both
early stage (white arrows) and mature Lewy pathology (blue arrow) in the ligand channel. B) Fluorescence due to antibody Syn211 staining
shows a similar to ligand channel. C) Composite image from the ligand and Syn211 fluorescence shows colocalization of the two signals
from both early stage and mature Lewy pathology. D) PD brain section treated with ligand and antibody Syn303 (which preferentially labels
mature Lewy pathology) shows all forms of a-seen aggregates in the ligand channel. E) Fluorescence due to antibody Syn303 staining
shows only the mature Lewy body. F) Composite image from the ligand and Syn303 fluorescence shows colocalization of the two signals
only for the mature Lewy body.

To further characterize the sites labeled by labblethe ligands and antibody
Syn211 tissue staining experiments, were indeséen, contiguous cortical section were
treated with the lead ligand, and then either Sgn@1Syn303. As expected, the sections
treated with the ligand and Syn211 (Fi, first row) show identical ligand and antibody

labeling patterns that colocalize in the compasitage. Both the ligand and antibody



appear to label all forms of pathology presenttantissue. On the other hand, tissue
sections treated with the ligand and antibody S$n8dgy.10, second row) show effective
labeling of both small neurites (white arrows)he tigand channel but only mature Lewy
bodies in the antibody channel (blue arrow). THesBngs suggest that the labeled

pathology isu-syn and that the ligand labels all conformatiohthe pathology.

To assess the observed selectivitgiseen versus [fibril binding on aggregates
on human tissue, equimolar concentrations of thehcee lead candidates were further
evaluated on PD tissue and cortical sections frearapathologically-verified postmortem
brain samples of AD cases. Figureshows data from the top bind®),(demonstrating a
12.5-fold selectivity for-seen vs. f. As can be observed in Rddy the PD tissue shows
the avid labeling of both large and fine pathol¢gyiumnll). A similar labeling pattern
and efficiency are also observed in the antibodnalel (columrll ) and a composite
iImage generated by merging both signals with th&B8BST signal (columiv ) shows
colocalization of the ligand and antibody signéalslike the PD tissue, fluorescent images
from the AD tissue (RovB) show mostly dense coredAlaques in the ligand channel
(columnll) but not the finer aggregates composed of difilagues. Amyloid pathology
was clearly labeled by the 4G8 antibody (coluhi). A composite image generated by
merging both signals with the HOECHST channel destrated an overlap of the ligand

and 4G8 (columiv). High magnification images from the treated Agxstie (RowC)



show that, as expected, the observ@doathology is extracellular, unlike the intracedul

Lewy pathology observed in the PD tissue.

Composite

PD Brain

Figure 11. Comparative confocal microscopy images of PD and AD brain sections co-stained with XW-01-11 and antibodies
Syn211 and 4G8 respectively. A) Ligand (red) and antibody (green) avidly label both small and large deposits of a-seen
pathology on PD tissue section. A composite image generated by merging the two images shows colocalization of both signals.
B) Unlike the PD brain tissue, ligand (red) labeling on the AD tissue highlights mostly dense core AB plaques, while the antibody
(green) labels the dense core plaques as well as diffuse and smaller AR aggregates. A composite image generated by merging
both signals with the nuclear stain (blue) show overlap of the ligand signals from the dense core plaques suggesting that the
ligand labels compact ABstructures more efficiently than diffuse structures. C) Higher magnification images show that as
expected, the observed pathology in the AD tissue sections is extracellular.

Quantification of the degree of colocalization bedn the ligand and the antibody
signals in each tissue by ImarisColoc (Hig) results in a Pearson Correlation Coefficient

(PCC) of 0.9 ligand-antibody signals in the PDuesand 0.8 for signals in the AD tissue.



This data, combined with the fibril binding dataggests that ligand binds fibrillarseen

with greater efficiency than fibrillar

Figure 12 Colocalization analysis of the ligand and antipsijnals A) Fluorescence due to ligand staining of Lewy plattypin PD
tissue;B) Fluorescence from antibody Syn2T); Merged ligand and antibody signal¥); ImarisColoc 3D image of fluorescence intensities
within the colocalized volumég) Scatter plot of pixels within the colocalized wwie shows a very slight deflection of the pixetriisition
towards the green channel, resulting in a PCC®from statistics over the entire volunfi§;Red signal due to ligand staining o A
pathology in AD tissue(s) Fluorescence from antibody 4@8) Merged ligand and antibody signalsimarisColoc 3D image of
fluorescence intensities within the colocalizeduwné;J) Scatter plot of pixels within the AD tissue coddized volume shows a higher

deflection of the pixel distribution towards theegn channel which results in a PCC of 0.8

3. Conclusion

This study demonstrated 1-indanone and 1,3-indadienivatives as novel scaffolds
for a-seen aggregates binding ligands. These were fgehtiom a SAR study examining

both the ring systems and bridging diene of thbeézylidene)indolin-2-one diene scaffold,



the source of the most potent and seleairggn ligands reported to date. All compounds
were readily accessed via simple and readily Skeatdiemistries, and a majority of them
possess adequate fluorescent properties in aquedia making them suitable for easy evaluation in
biological systems. Saturation fibril binding stesisuggest that the lead candidates have high
binding affinities ton-syn aggregates and show significant selectivityatals these

protein aggregates versu$ Aggregates. Their potential as desirable ligaods f
applications imi-syn aggregates studies is further highlightechigyRD and AD brain

tissue staining data, demonstrating that the ligawidly bind all the different

conformations ofi-syn pathology present in both early and lateresayf the disease.

4. Experimental
4.1. Chemical synthesis
4.1.1. General methods

All reagents were obtained from either Sigma-AlldyiTCI, Alfa Aesar, or Acros
Organics and used without further purification.tBronuclear magnetic resonanc#s (
NMR) were recorded at 600 MHz or 500 MHz on Bru&@0 or 500 NMR spectrometers.
Carbon nuclear magnetic resonancés \NNMR) were recorded at 75 MHz or 125 MHz on
a Bruker 300 or 500 NMR spectrometers, respectiv@hemical shifts are reported in
parts per million (ppm) from internal standardsetace (2.05 ppm), chloroform (7.26

ppm), or dimethylsulfoxide (2.50 ppm) f&4 NMR; and from an internal standard of



either residual acetone (206.26 ppm), chloroforth@ ppm), or dimethylsulfoxide

(39.52 ppm) fot3*C NMR. NMR peak multiplicities are denoted as folt s (singlet), d
(doublet), t (triplet), g (quartet), dd (doubletdwiublet), td (doublet of triplet), dt (triplet of
doublet), and m (multiplet). Coupling constarisdre given in hertz (Hz). High-
resolution mass spectra (HRMS) were obtained frow @Uhio State University Mass
Spectrometry and Proteomics Facility. Thin-layeroohatography (TLC) was performed
on silica gel 60 F254 plates from EMD Chemical Jmnd components were visualized by
ultraviolet light (254 nm) and/or phosphomolybdaica 20 wt% solution in ethanol.
SiliFlash silica gel (230—400 mesh) was used foc@umn chromatographyiPLC
confirmed the purity of the lead compounds, andddwa shows that each compound's

purity is >95%.
4.1.2. Synthesis method 1

To a solution of aldehyde (1.0 eq) and 1-indandn@ €q) in acetic acid (10 mL) was
slowly added concentrated HCI (0.5 mL). The reactioxture was stirred at 1PC
overnight and then cooled to room temperature.cimded reaction mixture was poured

into ice water and solid filtered and recrystallize methanol.
4.1.3. Synthesis method 2

To a solution of aldehyde (1.0 eq) and 1,3-indaneli(1.0 eq) in

dichloromethane/methanol (1:2, 10 mL) was slowlgietiethylenediamine



dihydrochloride (0.25 mmol). The reaction mixturasastirred at room temperature for 5

hours, and the resulting solid filtered out andystllized with methanol.
4.1.4. Synthesis method 3

A solution of the desired bromoindanone/indandidevative (1.0 eq), bronic acid
derivative(2.0 eq), RCO3 (1.0 eq) in 1, 4 - dioxane/2® (4:1, 10 mL) was deoxygenated
by bubbling argon through for 20 minutes. To thasvadded Pd(PBJx% (0.1 eq) and argon
bubbled through for a further 5 minutes, then etirat 110C overnight. The reaction
mixture was then cooled and diluted with water (5 end the aqueous layer extracted
with ethyl acetate. The combined organic layer thias washed with saturated NaHg&O
rinsed with brine, dried over I98(4, and concentrated under reduced pressure. The

ensuing residue was purified by colugtiromatography to obtain the desired compound.

(E)-2-((E)-3-(4-Bromophenyl)allylidene)-2,3-dihydro-1H-inderl1-one(7).
Prepared bylethod 1 with 1-indanone (132 mg, 1.0 mmol) amnans-4-
bromocinnamaldehyde (211 mg, 1.0 mmol) to affonshgound? as a yellow solid300
mg, 90% yield)'H NMR (600 MHz, CDC8) 6 7.87 (d,J= 7.8 Hz, 1H), 7.26 (td]1 =
1.2 Hz,J2 = 7.2 Hz, 1H), 7.18 (d] = 16.8 Hz, 1H), 7.50 — 7.48 (m, 2H), 7.41 J¢ 10.8
Hz, 1H), 7.39 — 7.31 (m, 3H), 7.03 (dH, = 11.4 Hz,J2 = 15.6 Hz, 1H), 6.96 (dl = 15.6
Hz, 1H), 3.86 (s, 2H)**C NMR (150 MHz, CDC3) & 193.6, 148.8, 140.4, 139.1, 136.6,
135.2,134.5,132.8,132.0, 128.6, 127.6, 126.2,9,224.2, 123.2, 30.4. HRMS (ESI)

calcdfor C;gH,,BrO [M+H]* 326.0223found, 326.0220.



(E)-2-((E)-3-(4-Hydroxy-3-methoxyphenyl)allylidene)-2,3-dihygro-1H-inden-1-
one(8). Prepared bivlethod 1 with 1-indanone (250 mg, 1.89 mmol) and 4-hydr8xy-
methoycinnamaldehyde (337 mg, 1.89 mmol) to affeghpound as a red solid (436
mg, 79% yield)*H NMR (600 MHz, DMSOd6) & 9.52 (s, 1H), 7.74 (dl= 7.8 Hz, 1H),
7.69 (td,J1= 1.2 Hz,J2 = 7.2 Hz, 1H), 7.64 (d] = 7.8 Hz, 1H), 7.47 (t} = 7.2 Hz, 1H),
7.29 (dt,J1 = 1.8 Hz,J2 = 10.2 Hz, 1H), 7.28 (s, 1H), 7.13 (s 15.6 Hz, 1H), 7.09 (dt,
J1=10.2 Hz,J2 = 15.6 Hz, 1H), 7.06 (d} = 8.4 Hz, 1H), 6.81 (d] = 8.4 Hz, 1H), 3.93 (s,
2H), 3.86 (s, 3H)**C NMR (150 MHz, DMSOd6) 6 192.9, 149.6, 148.9, 148.4, 143.3,
139.3,135.1, 134.9,134.2,128.4,127.9,1273,12A22.6,122.5, 116.1, 111.0, 56.2,
30.7. HRMS (ESlIyalcdfor CigH1705 [M+H]* 293.1172, found, 293.1171.

(E)-2-((E)-3-(4-(Dimethylamino)phenyl)allylidene)-2,3-dihydio-1H-inden-1-one
(9). Prepared bivlethod 1 with 1-indanone (132 mg, 1.0 mmol) and 4-(dimedinyino)-
cinnamaldehyde (175 mg, 1.0 mmol) to afford compb@ias a dark red solid (200 mg,
69% yield)."H NMR (600 MHz, CDC$)  7.86 (d,J = 7.8 Hz, 1H), 7.56 (td]1 = 1.2 Hz,
J2=7.8 Hz, 1H), 7.51 (d] = 7.8 Hz, 1H), 7.44-7.38 (m, 4H), 6.97 (tk 15.0 Hz, 1H),
6.83 (dd J1 = 12.0 Hz,J2 = 15.0 Hz, 1H), 6.66 (dl = 9.0 Hz, 2H), 3.80 (s, 2H), 3.00 (s,
6H); 13C NMR (150 MHz, CDC8) 5 193.6, 151.1, 148.9, 143.2, 139.8, 134.9, 133.9,
133.4, 128.9, 127.4, 126.1, 124.5, 123.9, 119.2,01140.2, 30.6. HRMS (ESbalcd
for CyoH,0NO [M+H]* 290.1539, found, 290.1532.

(E)-2-((E)-3-(4-Nitrophenyl)allylidene)-2,3-dihydro-1H-inden-1-one(10).

Prepared bylethod 1 with 1-indanone (150 mg, 1.1 mmol) aimadns-4-



nitrocinnamaldehyde (200 mg, 1.1 mmol) to affordhpoundl0 as a yellow solid300
mg, 85% yield)'H NMR (600 MHz, DMSO€6) 6 8.26 (d,J = 10.8 Hz, 2H), 7.94 (dl =
10.8, Hz, 2H), 7.76 (d = 9.0 Hz, 1H), 7.73 () = 9.0 Hz, 1H), 7.66 (d] = 9.0 Hz, 1H),
7.51 (ddJ1 = 13.2 Hz,J2 = 18.6 Hz, 1H), 7.47 (] = 9.0 Hz, 1H), 7.37 (dJ = 18.6 Hz,
1H), 7.32 (dJ = 13.2 Hz, 1H), 4.0 (s, 2H}C NMR (150 MHz, DMSOQdg) § 193.2,
149.9147.5, 143.3, 139.4, 139.3, 138.8, 135.5, 132.2,91228.8, 128.2, 127.2, 124.6,
124.0, 30.7. HRMS (EShalcdfor C;gH:4NO; [M+H]* 292.0968, found, 292.0967.
(E)-2-((E)-3-(4-Bromophenylallylidene)-6-hydroxy-2,3-dihydio-1H-inden-1-
one (11).Prepared bethod 1 with 6-hydroxy-indanone (148 mg, 1.0 mmol) drehs
4-bromocinnamaldehyde (211 mg, 1.0 mmol) to affethpoundL1as a yellow solid
(320 mg, 87% yield):H NMR (600 MHz, DMSOd6) 5 9.83 (s, 1H), 7.62 — 7.59 (m, 4H),
7.44 (dJ=8.4 Hz, 1H), 7.26 (d]1 = 11.4 HzJ2 = 14.4 Hz, 1H), 7.23 — 7.21 (m, 1H),
7.18 (d,J = 14.4 Hz, 1H), 7.13 (ddi1 = 2.4 Hz,J2 = 7.8 Hz, 1H), 7.04 (d] = 2.4 Hz, 1H),
3.80 (s, 2H)*3C NMR (150 MHz, DMSOd6) § 193.1, 157.6, 140.5, 140.2, 138.4, 136.0,
132.5, 132.3, 129.7, 127.9, 126.4, 123.7, 122.8,51(29.8. HRMS (ESlIg¢alcd for
C1gH14BrO, [M+H]* 341.0172, found, 341.01609.
(E)-2-((E)-3-(4-(Dimethylamino)phenyl)allylidene)-6-hydroxy2,3-dihydro-1H-
inden-1-one (12) Prepared bethod 1 with 6-hydroxy-indanone (148 mg, 1.0 mmol)
and 4-(dimethylamino)-cinnamaldehyde (175 mg,nrool) to afford compounti2 as a
dark red solid (193 mg, 63% yieldHd NMR (500 MHz, DMSOsd6) & 9.78 (s, 1H)7.48

(d,J = 8.5 Hz, 2H), 7.43 (d] = 8.0 Hz, 1H), 7.24 (d] = 11.5 Hz, 1H), 7.13 — 7.05 (m,



2H), 7.03 (dJ= 2.0 Hz, 1H)6.93 (ddJ1 = 11.5 HzJ2 = 15.5 Hz, 1H), 6.72 (d]= 9.0
Hz, 2H), 3.74 (s, 2H), 2.98 (s, 6HJC NMR (125 MHz, DMSOd6) & 192.8, 157.5,
151.4, 143.4, 140.8, 140.2, 134.8, 134.4, 129.%,8.2424 .4, 123.1, 120.3, 112.4, 108.4,
39.1, 29.8. HRMS (ESKalcdfor C,gH,oNO, [M+H]* 306.1489, found, 306.1489.
(E)-6-Hydroxy-2-((E)-3-(4-nitrophenyl)allylidene)-2,3-dihydro-1H-inden-1-one
(13). Prepared bivethod 1 with 6- hydroxy-indanone (148 mg, 1.0 mmol) drahs-4-
nitrocinnamaldehyde (177 mg, 1.0 mmol) to afforcdhpoundl3 as a yellow solid (270
mg, 79% yield)!H NMR (600 MHz, DMSOd6) & 9.83 (s, 1H), 8.25 (dl = 10.8 Hz, 2H),
7.92(d,J = 10.8, Hz, 2H), 7.47 (dl = 14.4 Hz, 1H), 7.45 (§ = 6.0 Hz, 1H), 7.33 (d] =
18.6 Hz, 1H), 7.26 (d] = 13.8 Hz,1H), 7.14 (ddJ1 = 3.0 Hz,J2 = 9.6 Hz, 1H), 7.05 (d]
= 3.0 Hz, 1H), 3.86 (s, 2H}*C NMR (150 MHz, DMSOd6) 6 192.1,156.6, 146.4, 142.2,
139.6, 139.2, 138.9, 138.1, 130.7, 128.9, 127.8,9223.5, 122.9, 107.5, 28.8. HRMS
(ESI) calcdfor CgH1,NO, [M+H]* 308.0917, found, 308.0916.
(E)-5,7-Difluoro-2-((E)-3-(4-hydroxy-3-methoxyphenyl)allylidene)-2,3-dihgro-
1H-inden-1-one(14). Prepared biethod 1 with 5,7-difluoro-1-indanone (200 mg, 1.2
mmol) and 4-hydroxy-3-methoycinnamaldehyde (212 mgmmol) to afford compound
14 as a black solid (320 mg, 81%H NMR (600 MHz, DMSOd6) § 9.53 (s, 1H), 7.33 (d,
J=9.0 Hz, 1H), 7.28-7.22 (m, 3H), 7.13 (&= 18.0 Hz, 1H), 7.06-7.00 (m, 2H), 3.95 (s,
2H), 3.85 (s, 3H)*C NMR (150MHz, DMSO-d6) 6 188.4, 167.76 (d] = 11.7 Hz),
165.74 (dJ = 11.4 Hz), 160.55 (dl = 14.6 Hz), 158.47 (dl = 14.5Hz), 154.18 (dJ =

7.4 Hz), 149.1, 148.4,143.9, 134.3,134.2, 12823,6 (d,J= 13.2 Hz), 122.7, 122.2,



116.1,110.9110.3 (dJ=22.4 Hz), 104.1 (91 = 23.8 Hz,J2 = 27.3), 56.2, 31.2. HRMS
(ESI) calcdfor CigH;5F,05 [M + H]* 329.0984found, 329.0983.

(E)-5,7-Difluoro-2-((E)-3-(4-nitrophenyl)allylidene)-2,3-dihydro-1H-inden-1-
one(15). Prepared by Method 1 with 5,7-difluoro-1-indaaq®a50 mg, 0.9 mmol) and
trans-4-nitrocinnamaldehyde (158 mg, 0.9 mmol) to affoednpoundLS as a yellow solid
(251 mg, 83% yield)*H NMR (600 MHz, DMSQel6) & 8.26 (d,J = 8.4 Hz, 2H), 7.93 (d]
= 8.4, Hz, 2H), 7.48 (dd,= 15.6, 5.4 Hz, 1H), 7.39-7.37 (m, 2H), 7.33-7.8% PH), 4.04
(s, 2H);3C NMR (150 MHz,CDCI3) 5 188.4, 167.6, 154.2, 154.1, 149.1, 148.4, 148.1,
143.9, 134.3, 128.3, 122.7, 122.2, 116.1, 111.0,3L{d,J = 22.3 Hz), 104.1 (dd]1 =
23.7 Hz,J2 = 26.8 Hz,), 56.2, 31.2. HRMS (ESialcdfor C;gH,,F;NO; [M + H]*
328.0780found, 328.0779.

(E)-2-(3-Phenylallylidene)-1H-indene-1,3(2H)-dion€16). Prepared biethod 2
with 1,3-indandione (146 mg, 1.0 mmol) and cinnatahlde (132 mg, 1.0 mmol) to
afford compound.6 as a yellow solid (215 mg, 82% yieldiH NMR (600 MHz, CDCB) §
8.44 (ddJ1 = 15.6 Hz,J2 = 12.0 Hz, 1H), 7.97-7.95 (m, 2H), 7.78-7.76 (m) 2H66-7.65
(m, 2H), 7.80 (ddJ1 = 1.2 Hz,J2 = 12.0 Hz, 1H), 7.42-7.41 (m, 2H), 7.32 {c5 15.6
Hz, 1H);*C NMR (150 MHz, CDC3) § 190.4, 189.9, 151.0, 144.6, 142.1, 140.8, 135.5,
135.1, 134.9, 130.9, 128.9, 128.6, 127.9, 123.8,11422.9. HRMSESI) calcdfor
C1gH1:0, [M + H]* 261.0910, found, 261.0912.

(E)-2-(3-(4-Bromophenyl)allylidene)-1H-indene-1,3(2Hyione (17). Prepared by

Method 2 with 1,3-indandione (146 mg, 1.0 mmol) arehs-4-bromocinnamaldehyde



(211 mg, 1.0 mmol) to afford compound 17 as a yeBolid (300 mg, 86% yieldy:H

NMR (600 MHz, CDC8) & 8.39 (ddJ1 = 11.4 Hz,J2 = 15.6 Hz, 1H), 7.95 (dfl1 = 2.4
Hz,J2=5.46 Hz, 1H), 7.79 — 7.77 (m, 2H), 7.58 Jc 12.0 Hz, 1H), 7.55 — 7.51 (m,
2H), 7.50 (dJ = 8.4 Hz, 2H), 7.23 (d] = 15.6 Hz, 1H);*C NMR (150 MHz, CDC3) §
190.4, 189.9, 149.2, 143.9, 142.1, 140.8, 135.2,11334.4, 132.2, 129.8, 128.3, 125.2,
124.1, 123.1, 122.9. HRMS (ESialcdfor C;gH,,BrO, [M + H]* 339.0015, found,
339.0016.

(E)-2-(3-(4-Fluorophenyl)allylidene)-1H-indene-1,3(2btdione (18). Prepared by
Method 2 with 1,3-indandione (60 mg, 0.4 mmol) and trandadrocinnamaldehyde (62
mg, 0.4 mmol) to afford compouri® as a yellow solid (10mg, 88% yield)'H NMR
(600 MHz, CDC8) & 8.34 (ddJ1 = 12.0 Hz,J2 = 15.6 Hz, 1H), 7.96 — 7.94 (m, 2H), 7.79
— 7.76 (m, 2H), 7.64 (dd] = 6.6 Hz,J2 = 8.4 Hz, 2H), 7.59 (d] = 12.0 Hz, 1H), 7.26 (d,
J=15.6 Hz, 1H), 7.10 (1] = 8.4 Hz, 2H)3C NMR (150 MHz, CDC8) 5 190.5, 189.9,
165.1, 163.4, 149.4, 144.3, 142.1, 140.8, 135.1£d16.7 Hz), 131.8, 130.6 (d~=8.4
Hz), 127.9, 123.3, 123.14, 122.9, 116.3, 116.2 21.9 Hz). HRMS (ESIgalcdfor
CigH1,FO, [M + H]* 279.0816, found, 279.0816.

(E)-2-(3-(4-(Dimethylamino)phenyl)allylidene)-1H-indene-1,3(2H)-dione(19).
Prepared bylethod 2 with 1,3- indandione (146 mg, 1.0 mmol) and 4-(glihylamino)-
cinnamaldehyde (175 mg, 1.0 mmol) to afford compblfhas a black solid (200 mg,
66% yield).XH NMR (600 MHz, CDC8) & 8.23 (ddJ1 = 12.0 Hz,J2 = 15.6 Hz, 1H), 7.88

—7.87 (m, 2H), 7.71 — 7.68 (m, 2H), 7.63 (dtl= 0.6 Hz,J2 = 12.0 Hz, 1H), 7.56 (dl =



8.4 Hz, 2H), 7.28 (d] = 14.4 Hz, 1H), 6.69 (d} = 9.0 Hz, 2H), 3.06 (s, 6H}*C NMR
(150 MHz, CDCB) 6 191.2, 190.8, 153.7, 151.4, 146.5, 142.0, 14(8%,51 134.3, 132.8,
131.4,124.4,122.6,122.4,119.3, 111.9, 40.2. ISRESI)calcdfor C,oH;gNO, [M + H]*
304.1332found, 304.1332.
(E)-2-(3-(4-Hydroxy-3-methoxyphenyl)allylidene)-1H-irdene-1,3(2H)-dione
(20). Prepared biethod 2 with 1,3- indandione (100 mg, 0.7 mmol) and 4-loygr3-
methoycinnamaldehyde (123 mg, 0.7 mmol) to affahpgound?0 as a brown solid (201
mg, 96% yield)*H NMR (500 MHz, DMSOd6) 5 10.04 (s, 1H), 8.16 (difL = 12.0 Hz,J2
= 15.0Hz, 1H), 7.90 (s, 4H), 7.65 (s, 1H), 7.62J& 5.0 Hz, 1H), 7.23 (s, 1H), 7.20 (@,
= 8.0 Hz, 1H), 6.91 (d] = 8.0 Hz, 1H)3.88 (s, 3H)}*C NMR (125 MHz, DMSQOd6) &
190.6, 189.9, 153.8, 151.3, 148.6, 145.5, 141.0,614135.9, 135.8, 127.6, 125.9, 124 4,
123.1,122.9, 120.5, 116.6, 112.0, 56.1. HRMS (E&I)dfor C;oH;50, [M + H]*
307.0965, found307.0962.
(E)-2-(3-(4-Hydroxy-3,5-dimethoxyphenyl)allylidene)-H-indene-1,3(2H)-dione
(21). Prepared biethod 2 with 1,3-indandione (146 mg, 1.0 mmol) anahs-3,5-
dimethoxy-4-hydroxycinnamaldehyde (208 mg, 1.0 mrtméfford compound1 as a
yellow solid (290 mg, 81% yield}H NMR (600 MHz, Acetonei6) 5 8.36 (ddJ1 = 12.0
Hz,J2 = 15.6 Hz, 1H), 8.00 — 7.92 (m, 4H), 7.65 Jd; 12.0 Hz, 1H), 7.60 (d} = 15.6
Hz, 1H), 7.15 (s, 2H), 3.99 (s, 6HIC NMR (150 MHz, DMSOd6) 5 190.6, 189.9, 153.9,
148.7, 145.3, 141.9, 140.6, 140.5, 135.9, 135.8,3,1426.0, 123.1, 122.9, 120.9, 107.0,

56.5. HRMS (ESIkalcdfor C,gH,,0s [M + H]* 337.1071, found, 337.1070.



(E)-2-(3-(4-Nitrophenyl)allylidene)-1H-indene-1,3(2H)dione (22). Prepared by
Method 2 with 1,3-indandione (100 mg, 0.7 mmol) anahs-4-nitrocinnamaldehyde (121
mg, 0.7 mmol) to afford compour?® as a yellow solid202 mg, 95% yield):*H NMR
(600 MHz, CDCB) & 8.56 (ddJ1 = 12.0 Hz,J2 = 15.6 Hz, 1H), 8.28 (dl = 9.0 Hz, 1H),
8.02-8.01 (m, 2H), 7.85-7.83 (m, 2H), 7.80J¢ 8.4 Hz, 1H), 7.63 (d] = 12.0 Hz, 1H),
7.33 (d,J=15.6 Hz, 1H)C NMR (150 MHz, CDCB8) 4 190.2, 189.5, 148.5, 146.5,
142.4,142.3, 141.5, 141.0, 135.6, 135.5, 13@8&,9, 127.3, 124.3, 123.4, 123.3. HRMS
(ESI) calcdfor C;gH,,NO, [M + H]" 306.0761, found, 306.0761.

(E)-2-((E)-3-(4-Hydroxy-3-methoxyphenyl)allylidene)-3,4-dihgironaphthalen-
1(2H)-one(23). Prepared bivethod 2 with alpha-tetralone (146 mg, 1.0 mmol) and 4-
hydroxy-3-methoxycinnamaldehyde (178 mg, mumol) to afford compoun@3 as a red
solid (246 mg, 80% yieldfH NMR (600 MHz, CDC8) 6 8.11 (dJ = 7.8 Hz, 1H),7.56 (d,
J=10.8 Hz, 1H), 7.47 (1= 7.2 Hz, 1H), 7.35 (] = 7.2 Hz, 1H), 7.26 (d] = 7.8 Hz, 1H),
7.08 (d,J = 7.8Hz, 1H),7.03 — 6.94 (m, 3H), 6.92 (d= 8.4 Hz, 1H), 5.85 (s, 1H), 3.95 (s,
3H), 3.01 (s, 4H)}*C NMR (150 MHz, CDC3) 6 187.3,146.9, 146.8, 143.4, 141.3, 136.5,
133.9, 133.3, 132.9, 129.4, 128.2, 128.1, 126.9,51221.4, 114.8, 109.1, 5648.8,

25.9. HRMS (ESlIkalcdfor CogH1405 [M + H]* 307.1329, found, 307.1319.

(E)-2-((E)-3-(4-(Dimethylamino)phenyl)allylidene)-3,4-dihydionaphthalen-
1(2H)-one(24). Prepared bivethod 2 with alpha-tetralone (146 mg, 1.0 mmol) and 4-
(dimethylamino)-cinnamaldehyde (175 mg, 1.0 mmolxtfordcompound?24 as a red

solid (195 mg, 64% vieldfH NMR (600 MHz, CDC8) § 8.12 (d,J = 7.8 Hz, 1H), 7.61



(d,J=10.2 Hz, 1H), 7.47 (= 7.2 Hz, 1H), 7.43 (d] = 8.4 Hz, 2H), 7.35 (t) = 7.2 Hz,
1H), 7.25 (d,J = 7.8 Hz, 1H), 7.03 6.93 (m, 2H), 6.69 (dJ = 9.0 Hz, 2H), 3.03 (s, 6H),
3.01 (s, 4H)BC NMR (150 MHz, CD@) § 187.3, 150.9, 143.442.1, 137.6, 134.2,
132.7,131.6,128.7,128.1, 128.0, 126.9, 1249,21112.1, 40.2, 28.8, 25.8. HRMS (ESI)
calcdfor C,H,,NO [M + H]* 304.1696, found, 304.1689.
3-(3-(4-Hydroxy-3-methoxyphenyl)allylidene)chromane2,4-dione(25). Prepared
by Method 2 with 4-
hydroxycoumarin (162 mg, 1.0 mmol) and 4-hydroxym8thoycinnamaldehyde (178 mg,
1.0 mmol) to afforccompound25 as a black solid (187 mg, 58% yielthl NMR (600
MHz, CDCI) Major: $ 8.48 — 8.41 (m, 2H), 8.11 (d~= 7.8 Hz, 1H), 7.65 — 7.61 (m, 1H),
7.54 (dJ=13.8 Hz, 1H), 7.29 — 7.27 (m, 2H), 7.26 — 7.3 {id), 7.99 (d,) = 8.4Hz,
2H), 6.15 (s, 1H), 4.01 (s, 3H); Mind¥:8.75 (ddJ1 = 12.6 Hz,J2 = 15.0 Hz, 1H), 8.37
(d,J=12.0 Hz, 1H), 8.07 (dl = 7.2 Hz, 1H), 7.65 — 7.61 (m, 1H), 7.48 {d; 14.4 Hz,
1H), 7.29 — 7.27 (m, 1H), 7.26 — 7.3 (m, 1H), 7-02.0 (m,1H), 6.94 (] = 7.2 Hz, 1H),
6.16 (s, 1H), 4.02 (s, 3H¥C NMR (150 MHz, DMSQd6) & Major:193.4, 144.5, 143.5,
143.2,142.2, 140.6, 138.7, 135.9, 131.7, 128.8,312125.9, 124.7, 124.6, 124.5, 123.7,
120.7, 58.5; Minor: 193.4, 144.9, 143.4, 142120.6, 138.4, 135.3,135.0, 131.6,
126.3, 126.3, 124.9, 124.7, 124.6, 124.4, 1220.7,58.7. HRMS (ESlIyalcdfor
CygH1:05 [M + H]* 323.0914, found, 323.0908.
3-(3-(4-(Dimethylamino)phenyl)allylidene)chromane-2-dione (26). Prepared by

Method 2 with 4-



hydroxycoumarin (162 mg, 1.0 mmol) and 4-(dimethyilzo)-cinnamaldehyde (175 mg,
1.0 mmol) to afforccompound26 as a blue solid (173 mg, 54% yielthi NMR (600
MHz, DMSO-d6) Major: 6 8.37 (d,J = 12.6 Hz, 1H), 8.23 (dl = 14.4 Hz, 1H), 7.99 (d]
= 14.4 Hz, 1H), 7.87 (dl= 7.8 Hz, 1H), 7.72 — 7.70 (m, 2H), 7.65 (dt,= 1.8 Hz,J2 =
7.8 Hz, 1H), 7.53 (t) = 9.6 Hz, 1H), 6.89 (d] = 9.0 Hz, 2H), 3.15 (s, 6H); Mino8:8.75
(dd,J1=12.6 HzJ2 = 15.0 Hz,1H), 6.89 (d,J= 9.0 Hz, 1H), 8.07 (d]= 7.2 Hz, 1H),
7.65 —7.61 (m, 1H), 7.48 (d= 14.4 Hz, 1H), 7.29 — 7.27 (m, 1H),26 — 7.3 (m, 1H),
7.02 - 7.0 (m, 1H), 6.94 @,= 7.2 Hz, 1H), 6.16 (s, 1H), 4.02 (s, 3FC NMR (150
MHz, CDCI3 + DMSO-d6) 6 Major: 180.2, 161.8, 161.1, 160.5, 154.9, 15335.1,
133.4,126.8, 123.9, 123.5, 121.5, 120.1, 11118,3, 111.9, 39.9; Minor: 180.5, 164.5,
161.4,161.1, 160.5, 154.9, 154.2, 134.8, 133.8,51224.1, 123.4, 121.320.1, 116.9,
112.0, 39.9. HRMS (ESbalcdfor C,gH;gNO; [M + H]* 320.1281, found, 320.1281.
3-(3-(4-(Dimethylamino)phenyl)allylidene)chromane-2-dione (27). Prepared by
Method 2 with 4-hydroxy-7- methylcoumarin (176 mg, 1.0 mijnahd 4-
(dimethylamino)-cinnamaldehyde (175 mg, 1.0 mmolxffordcompound?7 as a blue
solid (157 mg, 47% yieldfH NMR (600 MHz, DMSO€6) Major: & 8.37 (d,J = 12.6 Hz,
1H),8.25-8.21 (m, 1H), 7.95 (d,= 14.4 Hz, 1H), 7.75 (d = 9.6 Hz, 1H), 7.68 (d] =
9.0 Hz, 2H), 7.53 — 7.50 (m, 1H), 7.20Jt 8.4 Hz, 1H), 6.88 () = 7.2 Hz, 2H), 3.14
(s, 6H), 2.37 (s, 3H); Mino® 8.65 (t,J = 13.8 Hz, 1H), 8.24-8.22 (m, 1H), 7.90 {c
15.0 Hz, 1H), 7.75 (d] = 9.6 Hz, 1H), 7.68 (d] = 9.0 Hz, 2H), 7.53 — 7.50 (m, 1H), 7.20

(t, J= 8.4 Hz,1H), 6.88 (tJ = 7.2 Hz, 2H), 3.14 (s, 6H), 2.38 (s, 3H)C NMR (150



MHz, CDCI3 + DMSO-d6) 6 Major: 180.3, 161.9161.3, 160.9, 153.6, 136.1, 133.7,
133.4,126.4, 123.5, 121.5, 120.9, 119.6, 116.3,311111.9, 39.9, 20.2; Minor: 180.6,
164.7,161.1, 161.4, 160.5, 152.9, 135.7, 133.8,31326.1, 123.3, 121.0, 120.8, 116.6,
113.2, 111.9, 39.20.2. HRMS (ESl}alcdfor C,;H,oNO; [M + H]* 334.1438, found,
334.1437.

6-Bromo-3-(3-(4-(dimethylamino)phenyl)allylidene)cmomane-2,4-dione (28).
Prepared bylethod 2 with 6-bromo-4-hydroxycoumarin (241 mg, 1.0 mmeatd 4-
(dimethylamino)-cinnamaldehyde (175 mg, 1.0 mmoRfford compoun@8 as a blue
solid (160 mg, 40% yieldfH NMR (600 MHz, DMSOs,) Major: 4 8.38 (d J=12.6 Hz,
1H), 8.23 (tJ = 14.4 Hz, 1H), 7.97-7.95 (m, 2H), 7.73-7.69 (m)3H35 — 7.29 (m, 2H),
6.87-6.88 (m, 2H), 3.14 (s, 6H); Mind¥8.65 (t,J = 13.2 Hz, 1H), 8.23 (] = 14.4 Hz,
1H), 7.97-7.95 (m, 1H), 7.92 (d= 14.4 Hz, 1H), 7.73-7.60n, 3H), 7.35 - 7.29 (m, 2H),
6.87-6.88 (m, 2H), 3.14 (s, 6H}*C NMR (150 MHz, CDCJ + DMSO-d6) 5 Major:
179.5,161.1, 160.5, 154.9, 154.2, 153.2, 134.4, 132.8,11223.3, 123.5, 122.8, 120.6,
119.4, 116.3, 112.6, 111.3, 39.2; Minor: 179.8,.86860.7, 159.7, 153.5, 153.2, 134.1,
132.7,125.8, 123.4,122.7,120.6, 120.4, 116.2,41111.339.2. HRMS (ESlI}yalcdfor
C,0H17/BrNO; [M + H] ™ 398.0386, found, 398.0386.

(E)-2-((E)-3-(4'-Hydroxy-3'-methoxy-[1,1'-biphenyl]-4-ylallylidene)-2,3-
dihydro-1H-inden-1-one (29). Prepared bivlethod 3 with compound’ (160 mg, 0.5
mmol) and 4-hydroxy-3-methoxyphenylboronic acidgmal ester (250ng, 1.0 mmol) to

afford compoun@9as a red solid (140 mg, 76% yielthl NMR (600 MHz, CDC]J) §



7.87 (dJ=7.8Hz, 1H), 7.59 (tJ = 7.2 Hz, 1H), 7.55 (s, 4H), 7.52 (@@= 7.8 Hz, 1H),
7.45—-7.27 (m, 1H), 7.40 (A= 7.2 Hz, 1H), 7.4@dd,J1 = 1.2 Hz,J2 = 7.8 Hz, 1H), 7.10
(s, 1H), 7.05 (dJ = 5.4 Hz, 2H), 7.00 (d] = 7.8 Hz, 1H), 5.84 (s, 1H), 3.96 (s, 3H), 3.86
(s, 2H);**C NMR (150 MHz, CDCJ) 6 193.7, 148.9, 146.9, 145.8, 141.9, 141.7, 139.3,
135.9, 134.8,134.4,133.6, 132.7, 127.8, 127.%,11226.3, 124.2, 124.1, 120.2, 114.9,
109.5, 56.0, 30.5, 24.9. HRMS (ES$Blcdfor C,sH2,:03[M + H]* 369.1486, found,
369.1474.

(E)-2-((E)-3-(4'-(Dimethylamino)-[1,1'-biphenyl]-4-yl)allyli dene)-6-hydroxy-
2,3-dihydro-1H-inden-1-one(30). Prepared bylethod 3 with compoundlL1 (170 mg,
0.5 mmol) and 4- (N,N-dimethylamino)phenylboronadapinacol ester (247 mg, 1.0
mmol) to afford compound0 as a black solid (130 mg, 68% yielthl NMR (600 MHz,
DMSO-dg) § 7.76 (d,J = 7.8 Hz, 1H), 7.72-7.66 (m, 6H), 7.61 (t= 8.4 Hz, 2H), 7.49
(d,J=7.2 Hz, 1H), 7.35 — 7.33 (m, 1H), 7.27 — 7.26 2i), 6.81 (d,) = 9.0 Hz, 2H),
3.98 (s, 2H), 2.97 (s, 6HYC NMR (150 MHz, CDC3 + DMSO-ds)  194.4, 150.1, 149.0,
142.5,141.9,138.9,135.2,134.5,134.3,133.7,12427.4,127.2,126.0, 123.8, 123.1,
112.6,40.1, 30.2. HRMS (ESRBalcdfor C,sH,,NO [M + H]* 382.1802, found, 382.1808.

(E)-6-Hydroxy-2-((E)-3-(4'-(hydroxymethyl)-[1,1'-biphenyl]-4-yl)allyli dene)-
2,3-dihydro-1H-inden-1-one(31). Prepared biethod 3 with compoundL1 (170 mg,
0.5 mmol) and 4-(hydroxymethyl)phenylboronic acidgzol ester (234 mg, 1.0 mmol) to
afford compoun@1 as a brown solid (129 mg, 70% yieltht NMR (500 MHz, DMSO-

dg) 8 9.86 (s, 1H), 7.76 — 7.72 (m, 4H), 7.704& 8.0 Hz, 2H), 7.46 (d] = 8.0 Hz, 1H),



7.42 (d,J=8.5Hz, 2H), 7.29 — 7.26 (m, 3H), 7.13 (dt,= 2.5 Hz,J2 = 8.0 Hz, 1H),
7.05 (d,J = 3.0 Hz, 1H), 5.24 (s, 1H), 4.55 (s, 2H), 3.832(4);1*C NMR (125 MHz,
DMSO-dg) 6 192.1, 141.7, 140.6, 140.0, 139.4, 139.3, 13R6.9, 134.8, 131.9, 127.5,
126.9,126.5, 126.4, 125.8, 124.5, 122.8, 107.3,,&8.8. HRMS (ESIgalcdfor
CusH,,05 [M + Na]* 369.1485, found, 369.1480.
4'-((E)-3-((E)-6-Hydroxy-1-ox0-1,3-dihydro-2H-inden-2-ylidene)pop-1-en-1-
yl)-[1,1'-biphenyl]-4-carboxylic acid (32). Prepared biethod 3 with compoundL1
(170 mg, 0.5 mmol) and 4-carboxyphenylboronic §t&b mg, 1.0nmol) to afford
compound32 as a gray solid (111 mg, 58% yielth. NMR (600 MHz, DMSO#d) 6 13.20
(s, 1H), 7.81(d,J= 7.8 Hz, 2H), 7.77 — 7.73 (m, 4H), 7.71& 7.8 Hz, 1H), 7.7-7.65
(m, 3H), 7.48 (tJ= 7.8 Hz, 1H), 7.34 (d] = 13.2 Hz, 2H), 7.27 (d] = 13.8 Hz, 1H), 3.98
(s, 2H);*C NMR (150 MHz, DMSOd,) § 193.1, 163.3, 149.8, 149.4, 141149.0, 137.3,
137.1, 135.2, 134.8, 133.8, 133.1, 128.8, 128.1,21226.7, 126.2, 125.5, 123.9, 30.7.
HRMS (ESI)calcdfor CysH;40, [M + H]* 383.1278, found, 383.1277.
5-(4-((E)-3-((E)-6-Hydroxy-1-o0xo-1,3-dihydro-2H-inden-2-ylidene)pop-1-en-1-
yl)phenyl)thiophene-2- carbonitrile (33). Prepared biethod 3 with compoundL1 (170
mg, 0.5 mmol) and 5-cyanothiophene-2-boronic amdgol ester (235 mg, 1.0 mmol) to
afford compoun@3 as a red solid (131 mg, 71% yielth. NMR (600 MHz,DMSO-ds) 6
8.01 (d,J = 4.8 Hz, 1H), 7.82 (d] = 10.2 Hz, 2H), 7.78 — 7.74 (m, 3H), 7.71)t 9.0
Hz, 1H), 7.65 (dJ = 9.0 Hz, 1H), 7.48 (1 = 9.0 Hz, 1H), 7.38 — 7.25 (m, 3H), 3.97 (s,

2H); 13C NMR (150 MHz, DMSOdg)  192.0, 149.9148.7, 140.1, 139.8, 137.9, 136.8,



136.5, 134.2,131.9,131.4,127.8, 127.0, 126.6,01225.9, 124.4, 122.8, 11318)6.3,
29.6. HRMS (ESlxalcdfor C,3HgNOS [M + HJ 370.0896, found, 370.0896.
(E)-4'-(3-(1,3-Dioxo-1,3-dihydro-2H-inden-2-ylidene)pop-1-en-1-yl)-[1,1'-
biphenyl]-4-carboxylic acid (34). Prepared bivlethod 3 with compound.7 (170 mg, 0.5
mmol) and 4-carboxyphenylboronic acid (166 mg,rirfol) to afford compoun@4 as a
gray solid (120 mg, 68%)H NMR (600 MHz, DMSOd;) 6 13.04 (s, 1H), 8.38 (ddy1 =
12.0 Hz,J2 = 15.6 Hz, 1H), 8.05 (d} = 8.4 Hz, 2H), 7.95-7.94 (m, 4H), 7.91 — 7.86 (m,
4H), 7.82 (dJ = 7.8 Hz, 2H), 7.79 (dl= 15.6 Hz, 1H), 7.71 (d= 12.0 Hz, 1H)*3C NMR
(150 MHz, DMSOsdg) 6 190.8, 190.0, 167.8, 151.5,144.5,14342.4, 141.9, 141.1,
136.6, 136.0, 134.9, 130.9, 130.8, 129.9, 128.%,714124.0, 123.7, 123.6. HRMS (ESI)
calcdfor C,sH.70, [M + H]* 381.1121, found, 381.1121.
(E)-5-(4-(3-(1,3-Dioxo-1,3-dihydro-2H-inden-2-ylidengrop-1-en-1-
yl)phenyl)thiophene-2-carboxylic acid (35). Prepared bivlethod 3 with compound.7
(170 mg, 0.5 mmol) and 5-carboxythiophene-2-boraiid pinacol estg254 mg, 1.0
mmol) to afford compound@5 as a red solid (137 mg, 71% yieltht NMR (600 MHz,
DMSO-dg) 68.36 (ddJ1 = 12.0 Hz,J2 = 15.6 Hz, 1H), 7.95 — 7.96 (m, 4H), 7.88 J&
7.8 Hz, 2H), 7.77 (d) = 7.8 Hz, 2H), 7.75 — 7.69 (m, 4H$C NMR (150 MHz, DMSO-
ds) 6 190.5, 189.7, 169.8, 151.0, 150.9, 144.8, 1443 .51 142.1, 140.8, 137.4, 136.3,
134.3, 129.8, 128.2, 126.9, 126.3, 126.2, 126.3,81223.7, 123.4, 123.2. HRMS (ESI)

calcdfor Cy3H,50,S [M + H]* 387.0686, found, 387.0686.



(2)-2-((5-Bromothiophen-2-yl)methylene)-2,3-dihydro-H-inden-1-one(36A).
Prepared bylethod 1 with 1- indanone (650 mg, 5.0 mmol) and 5-bromo-2-
thiophenecarboxaldehyde (1.43 g, 7.5 mmol) to dffotermediate36A as a yellow solid
(1.5 g, 93% vyield)!H NMR (600 MHz, DMSOdj) § 7.30 (d,J = 7.8 Hz, 1H), 7.27 (dtl1
= 1.2 Hz,J2 = 3.0 Hz, 1H), 7.25 (ddl1 = 1.2 Hz,J2 = 7.2 Hz, 1H), 7.24 (ddl1 = 0.6 Hz,
J2=7.2 Hz, 1H), 7.07 (d] = 4.2 Hz, 1H), 7.02 (tdJ1 = 1.2 Hz,J2 = 7.8 Hz, 1H), 6.94 (d,
J=4.2 Hz, 1H), 3.44 (d] = 1.2 Hz, 2H)3C NMR (150 MHz, DMSOds) 5 193.0, 149.6,
141.5,138.1, 135.4, 135.1, 133.7, 132.3, 128.2,3,lA25.5, 123.9, 117.9, 32.1. HRMS
(ESI) calcdfor Cy4H1BrOS [M + HJ" 304.9630, found, 304.9627.

(2)-2-((5-Bromothiophen-2-yl)methylene)-6-hydroxy-2,&ihydro-1H-inden-1-
one(36B). Prepared bivethod 1 with 6-hydroxy-indanone (740 mg, 5.0 mmol) and 5-
bromo-2-thiophenecarboxaldehyde (1.4 g, 7.5 mnoadffordintermediate 36B as a
yellow solid (1.4 g, 85% vield}H NMR (600 MHz, DMSO#) 5 9.86 (s, 1H), 7.67 (dd,
J1=1.8Hz,J2=2.4Hz, 1H), 7.52 — 7.49 (m, 1H), 7.49 — 7.46 (i), 7.38 (d,) = 4.2
Hz, 1H), 7.13 (ddJ1 = 2.4 Hz,J2 = 8.4 Hz, 1H), 7.05 (dJ = 2.4 Hz, 1H), 3.75 (dl =
1.8 Hz, 2H); *C NMR (150 MHz, DMSQdg) § 193.0, 157.7, 141.5, 140.3, 139.4,
134.9, 134.8, 132.2, 128.0, 125.2, 123.9, 117.8,6.(B1.4. HRMS (ESItalcd for
C1H10Bro,S [M + H]*320.9579, found, 320.9577.

(2)-2-((5-(4-(Hydroxymethyl)phenyl)thiophen-2-yl)mettylene)-2,3-dihydro-1H-
inden-1-one(37). Prepared bivethod 3 with intermediat&86A (152 mg, 0.5 mmol) and

4-(hydroxymethyl)phenylboronic acid pinacol es@34mg, 1.0 mmol) to afford



compound37 as a red solid (125 mg, 75 % yielth. NMR (500 MHz, DMSOs) & 7.80
(s,1H), 7.78 (dJ = 7.5 Hz, 1H), 7.75 (d] = 8.0 Hz, 2H), 7.76 — 7.70 (m, 3H), 7.49 Jc;
4.0 Hz, 1H), 7.51 — 7.48 (m, 1H),41 (d,J = 8.5 Hz, 2H), 5.29 (s, 1H), 4.54 (s, 2H), 4.03
(s, 2H);3C NMR (125 MHz, DMSOd;) 6 191.9, 148.6, 148.442.7, 137.5, 137.3, 135.2,
134.2,131.9,130.8, 126.6,126.2,125.4,124.8,11222.9, 61.9, 31.3. HRMS (E$Blcd
for C,yH1;0,S [M + HJ" 333.0944, found, 333.0943.
(2)-2-((5-(3-Aminophenyl)thiophen-2-yl)methylene)-2,3lihydro-1H-inden-1-
one(38). Prepared biethod 3 with intermediat&86A (152 mg, 0.5 mmol) and 3-
aminophenylboronic acid (137 mg, 1.0 mmol) to affoompound8 as a yellow solid
(100 mg, 68% yieldtH NMR (600 MHz, DMSOe) 5 7.80 (t,J = 1.8 Hz, 1H), 7.78 (d]
=7.2Hz,1H), 7.72 (dJ= 3.6 Hz, 2H), 7.68 (d] = 4.2 Hz, 1H), 7.53 (d] = 3.6 Hz, 1H),
7.50-7.48 (m, 1H), 7.11 (8,= 7.8 Hz, 1H)6.96 (t,J= 1.8 Hz, 1H), 6.94 (d] = 7.2 Hz,
1H), 6.59 (ddJ1 = 1.8 Hz,J2 = 7.8 Hz, 1H), 5.33 (s, 2H), 4.01 (s, 2H8C NMR (150
MHz, DMSO-) 6 193.0, 150.6, 149.9, 149.6, 138.2, 136.2, 13R82,71, 130.2, 127.3,
126.6,124.7,123.9, 114.9, 13.7, 111.1, 32.4. HRES) calcdfor C,jH;¢NOS [M + HJ
318.0947, found, 318.0937.
(2)-2-((5-(4-Hydroxy-3-methoxyphenyl)thiophen-2-yl)méhylene)-2,3-dihydro-
1H-inden-1-one(39). Prepared bivethod 3 with intermediate86A (152 mg, 0.5 mmol)
and 4-hydroxy-3-methoxyphenylboronic acid pinasike(250 mg, 1.0 mmol) to afford
compound39 as a red solid (124 mg, 71% vyielthl NMR (600 MHz, DMSOd;) § 7.77

(d,J= 8.4 Hz, 2H), 7.75 — 7.69 (m, 2H), 7.67 Jd; 3.6 Hz, 1H), 7.56 (d] = 3.6 Hz,



1H), 7.49 (tdJ1 = 1.2 Hz,J2 = 7.8 Hz, 1H), 7.28 (d] = 1.8 Hz, 1H), 7.21 (ddl1 = 1.8
Hz,J2 = 7.8 Hz, 1H), 6.85 (d] = 7.8 Hz, 1H), 4.01 (s, 2H), 3.88 (s, 3H5C NMR (150
MHz, DMSO<g) 6 193.0, 150.7, 149.6, 148.7, 138.5, 137.3, 13635,11, 132.1 128.2,
127.2,126.7, 124.0, 123.9, 119.5, 116.6, 110.3,58.3. HRMS (ESlItalcd for
C,H1705S [M + HJ* 349.0893, found349.0881.
(2)-2-((5-(4-(Dimethylamino)phenyl)thiophen-2-yl)metlylene)-2,3-dihydro-1H-
inden-1-one(40). Prepared biethod 3 with intermediat86A (152 mg, 0.5 mmol) and
4- (N,N-dimethylamino)phenylboronic acid pinacolez$247 mg, 1.0 mmol) to afford
compound40 as a red solid (118 mg, 68% yielthl NMR (600 MHz, DMSO+d,) 6 7.77
(d,J= 7.8 Hz, 2H), 7.74 — 7.71 (m, 2H), 7.65 Jc 4.2 Hz, 1H), 7.61 (d] = 9.0 Hz, 2H),
7.50 — 7.48 (m, 2H), 6.78 (d= 8.4 Hz, 2H), 4.01 (s, 2H), 2.99 (s, 6/C NMR (150
MHz, CDCkL + DMSO-dg) 6 190.8, 149.2, 148.8, 147.6, 147.1, 136.6, 13433,8, 133.7,
129.3, 125.0, 124.9, 120.1, 119.2, 110.5, 38.3L.38RMS (ESI)calcdfor C,,H,,NOS
[M + H]* 346.1260, found, 346.1259.
(2)-2-((5-(2-(Dimethylamino)pyrimidin-5-yl)thiophen-2-yl)methylene)-2,3-
dihydro-1H-inden-1-one(41). Prepared bivlethod 3 with intermediat86A (152 mg, 0.5
mmol) and 2-(dimethylamino)pyrimidine-5-boronic @pinacol ester (249 mg, 1.0 mmol)
to afford compound1 as a red solid (72 mg, 40%H NMR (600 MHz, DMSO¢;) & 8.76

(s, 2H), 7.78 (s, 1H), 7.72 — 7.70 (m, 3H), 7.58)(d 4.2 Hz, 1H), 7.50 — 7.48 (m, 1H),

4.00 (s, 2H), 3.19 (s, 6H}3C NMR (150 MHz, CDCJ) 5 193.6, 161.2, 154.8, 148.9,



144.4,138.7,138.1, 134.5,134.4,132.2,127.6,51226.2, 124.2, 122.6, 115.9, 37.2,
32.3. HRMS (ESIkalcdfor CyoH;gNsOS [M + HIF 348.1165, found, 348.1165.
(2)-2-((5-(2,4-Dimethoxypyrimidin-5-yhthiophen-2-yl)methylene)-2,3-dihydro-
1H-inden-1-one(42). Prepared biethod 3 with intermediat86A (152 mg, 0.5 mmol)
and 2,4-dimethoxy-5-pyrimidinylboronic acid (184 nigommol) to afford compound?2
as a red solid (124 mg, 68 % yielthl NMR (600 MHz, CDCJ) 4 8.59 (s, 1H), 7.89 (d,
= 7.2 Hz, 1H), 7.85 (s, 1H), 7.62 {t= 7.2 Hz, 1H), 7.58 (d] = 7.8 Hz, 1H), 7.48 (d] =
4.2 Hz, 1H), 7.43 (t) = 7.2Hz, 1H), 7.40 (dJ = 4.2 Hz, 1H), 4.13(s, 3H), 4.06 (s, 3H),
3.97 (s, 2H)C NMR (150 MHz, CDCJ) 6 193.6, 166.8164.5, 156.3, 148.9, 139.9,
139.4, 138.6, 134.5, 133.6, 132.7, 127.7, 126.531226.2, 124.3, 109.9, 55.1, 54.5,
32.4. HRMS (ESlkalcdfor C,gH17N,O5S [M + HJ* 365.0954, found, 365.0939.
(2)-2-((5-(2-(Dimethylamino)pyrimidin-5-yl)thiophen-2-yl)methylene)-6-
hydroxy-2,3-dihydro-1H-inden-1-one(43). Prepared bivlethod 3 with intermediat&86B
(160 mg, 0.5 mmol) and 2-(dimethylamino)pyrimidifdsoronic acid pinacol ester (249
mg, 1.0 mmol) to afford compour8 as a red solid (79 mg, 44% yield} NMR (600
MHz, CDCL,) & 8.75 (s, 2H), 7.68 (s, 1H), 7.64 (t& 3.6 Hz, 1H), 7.56 (d] = 3.6 Hz,
1H), 7.39 (dJ = 7.8 Hz, 1H), 7.04 (d]= 8.4 Hz, 1H), 6.96 (s, 1H), 3.82 (s, 2H), 3.19 (s,
6H); 13C NMR (150 MHz, DMSOd; + Methanold,) 5 193.9, 161.5, 158.454.9, 143.5,
139.6, 138.2, 134.9, 134.6, 127.6, 126.4, 124.8,4,216.1, 109.9, 36.7, 31.3. HRMS

(ESI) calcdfor C,0H1,N30,S [M + K] 402.0673, found, 402.0673.



(2)-6-Hydroxy-2-((5-(4-(hydroxymethyl)phenylthiophen2-yl)methylene)-2,3-
dihydro-1H-inden-1-one (44). Prepared bi¥lethod 3 with intermediate86B (160 mg, 0.5
mmol) and 4-(hydroxymethyl)phenylboronic acid piokester (234 mg, 1.0 mmol) to
afford compoundt4 as a brown solid (131 mg, 75 % yielthl NMR (500 MHz, DMSO-
dg) 8 7.73 (d,J = 8.0 Hz, 2H), 7.67 (s, 1H), 7.64 (s, 2H), 7.40)&,8.5 Hz, 2H), 7.34 (d,
J=8.0 Hz, 1H), 6.99 (ddl1 = 2.5 Hz,J2 = 8.5 Hz, 1H), 6.89 (dJ = 2.0 Hz, 1H), 4.53
(s, 2H), 3.82 (s, 2H}*C NMR (125 MHz, DMSOds) § 192.4,147.7, 142.6, 138.6,
137.9, 134.5, 133.8, 130.9, 126.6, 126.1, 1244,01A223.9, 108.0, 61.9, 30.5. HRMS
(ESI)calcdfor CyH1705S [M + H]" 349.0893, found, 349.0793.

(2)-2-((4-Bromothiophen-2-yl)methylene)-2,3-dihydro-H-inden-1-one(45).
Prepared bylethod 2 with 1- indanone (650 mg, 5.0 mmol) and 4-bromo-2-
thiophenecarboxaldehyde (1.4 g, 7.5 mmol) to affotermediatel5 as a yellow solid
(1.5 g, 92%)H NMR (500 MHz, CDCJ) § 7.90 (d,J = 7.5 Hz, 1H), 7.75 (s, 1H), 7.64
(td,J1 = 1.0 Hz,J2 = 7.5 Hz, 1H), 7.57 (d] = 7.5 Hz, 1H), 7.45 (s, 1H), 7.43 @= 7.0
Hz, 1H), 7.33 (s, 1H), 3.92 (s, 2HJC NMR (125 MHz, CDCJ) § 193.5, 148.9, 140.8,
138.2,134.9, 134.23, 134.2, 127.9, 127.1, 12@23,91 124.5, 111.6, 32.2. HRMS (ESI)
calcdfor Ci,H,0BrOS [M + HJ" 304.9630, found, 304.9625.

(2)-2-((4-(4-(Hydroxymethyl)phenyl)thiophen-2-yl)mettylene)-2,3-dihydro-1H-
inden-1-one(46). Prepared bivethod 3 with intermediatet5 (152 mg, 0.5 mmol) and 4-
(hydroxymethyl)phenylboronic acid pinacol ester423g, 1.0 mmol) to afford compound

46as a brown solid (110 mg, 66% yielthi NMR (500 MHz, DMSO#) & 8.24 (s,1H),



8.11 (s, 1H), 7.82 (s, 1H), 7.78 (= 7.5 Hz, 1H), 7.76 — 7.69 (m, 4H), 7.51-7.48 (i) 1
7.39 (d,J = 8.0 Hz, 2H)5.23 (s, 1H), 4.53 (s, 2H), 4.02 (s, 2HE NMR (125 MHz,
DMSO-dg) 6 192.1,148.7,141.7,141.5,139.1, 137.1, 1383,59], 132.1, 127.2, 126.4,
126.2, 125.8, 125.2, 125.1, 122.9, 61.9, 31.1. HRES) calcd for C»;H,70,S [M + HJ*
333.0944, found, 333.0943.
(2)-2-((4-(Pyridin-3-yhthiophen-2-yl)methylene)-2,3dihydro-1H-inden-1-one
(47). Prepared biethod 3 with intermediatet5 (152 mg, 0.5 mmol) and 3-
pyridineboronic acid pinacol ester (234 mg, 1.0 Mrtmaffordcompound4? as a red
solid (100 mg, 66% yield}H NMR (500 MHz, DMSO#) 5 8.03 (s, 1H), 8.00 (s, 1H),
7.80 (sAH), 7.70 (dJ= 7.5 Hz, 1H), 7.74 — 7.71 (m, 3H), 7.57 {c 8.5 Hz, 2H), 7.50-
7.47 (m, 1H), 6.82 (d] = 8.5 Hz, 2H)3.99 (s, 2H)3C NMR (125 MHz, DMSOdg) 6
193.2, 149.7, 139.9, 138.3, 135.3, 133.3, 132.8,2227.8, 127.3, 126.4, 123.9, 116.3,
32.2. HRMS (ESlxalcdfor C;gH,NOS [M + HJ" 304.0791, found, 304.0788.
(2)-2-((5-Bromothiophen-2-yl)methylene)-3,4-dihydronghthalen-1(2H)-one
(48). Prepared biethod 1 with alpha-tetralone (730 mg, 5.0 mmol) and 5-hoei?n
thiophenecarboxaldehyde (1.4 g, 7.5 mmol) to affoteérmediatet8 as a yellow solid (1.3
g, 82% yield)!H NMR (600 MHz, CDCJ) & 8.09 (d,J = 7.8 Hz, 1H), 7.90 (s, 1HY,49 (t,
J=7.2 Hz, 1H), 7.36 (t}= 7.2 Hz, 1H), 7.27 (d] = 7.8 Hz, 1H), 7.13 (d] = 4.2 Hz, 1H),
7.09 (dJ=4.2 Hz, 1H)3.11 (t,J= 6.6 Hz, 2H), 3.02 (1) = 6.6 Hz, 2H);**C NMR (150

MHz, CDCk) 6 186.9, 142.9, 140.7, 133.5, 133.3, 132.2, 13@8,8], 128.2, 128.1, 127.1,



116.9, 28.0, 27.2. HRMS (EStlcd for CsH,,BrOS [M + HJf 318.9787, found,
318.9788.

(2)-2-((5-(4-(Hydroxymethyl)phenyl)thiophen-2-yl)methylene)-3,4-
dihydronaphthalen-1(2H)-one(49). Prepared biethod 3 with intermediatet8 (159
mg, 0.5 mmol) and 4-hydroxy-3-methoxyphenylboramia pinacol estgi234 mg, 1.0
mmol) to afford compound9 as a red solid (125 mg, 72% yieltht NMR (600 MHz,
CDCl;) 6 8.13 (dJ=7.2 Hz, 1H), 8.03 (s, 1H), 7.67 @7 7.8 Hz, 2H), 7.51 ({)= 7.8
Hz, 1H), 7.43 (dJ = 7.8 Hz, 2H), 7.38 (d] = 4.2 Hz, 2H), 7.36 (d] = 4.2 Hz, 1H), 7.30
(d,J= 7.8 Hz, 1H), 4.75 (d] = 5.4 Hz, 2H), 3.27 () = 6.6 Hz, 2H), 3.07 () = 6.6 Hz,
2H), 1.73 (tJ=5.4 Hz, 1H)*C NMR (150 MHz, CDCJ) § 187.1, 148.0, 143.0, 138.5,
134.8, 133.1, 129.6, 128.2, 128.1, 127.6, 127.6,11A23.6, 64.9, 28.2, 27.2. HRMS
(ESI) calcdfor C,,H,40,S [M + H]* 347.1100, found, 347.1089.

(2)-2-((5-(4-Hydroxy-3-methoxyphenyl)thiophen-2-yl)méhylene)-3,4-
dihydronaphthalen-1(2H)-one(50). Prepared biethod 3 with intermediatet8 (159
mg, 0.5 mmol) and 4-hydroxy-3-methoxyphenylboraaed pinacol ester (250 mg, 1.0
mmol) to afford compoun80 as a red solid (138 mg, 76% yieltht NMR (600 MHz,
DMSO-d) & 7.93 (d,J = 7.2 Hz, 1H), 7.88 (s, 1H), 7.55 (ti, = 1.2 Hz,J2 = 7.2 Hz, 1H),
7.51 (d,J = 3.6 Hz, 1H), 7.39 (1) = 7.8 Hz, 2H), 7.27 (d] = 3.6 Hz, 1H), 7.06 (ddl, =
2.4 Hz,J, = 8.4 Hz, 1H), 7.02 (s, 1H), 6.47 (s, 1H), 3.753(d), 3.15 (tJ = 6.6 Hz, 2H),

3.03 (t,J = 6.6 Hz, 2H)3C NMR (150 MHz, CDCJ) 5 193.0, 150.7, 149.6, 148.7, 138.5,



136.4,135.1,132.1, 128.2,127.2, 126.7, 124.8,91419.5, 116.6, 110.3, 56.3, 32.3.
HRMS (ESl)calcdfor C,,H;1405S [M + H]* 363.1049, found, 363.1039.
(2)-2-((5-(2-(Dimethylamino)pyrimidin-5-yl)thiophen-2-yl)methylene)-3,4-
dihydronaphthalen-1(2H)-one(51). Prepared biethod 3 with intermediatet8 (159
mg, 0.5 mmol) and 2-(dimethylamino)pyrimidine-5-boic acid pinacol ester (249 mg,
1.0 mmol) to afford compound 51 as a red solid ({80 72% yield)!H NMR (600 MHz,
CDCl) & 8.58 (s, 2H), 8.11 (d = 7.8 Hz, 1H), 8.01 (s, 1H), 7.49 {= 7.2 Hz, 1H),
7.37-7.36 (m, 2H), 7.28 (d,= 7.8 Hz, 1H), 7.18 (d] = 3.0 Hz, 1H), 3.25 (s, 8H), 3.06 (t,
J=6.6 Hz, 2H)*C NMR (150 MHz, CDCJ) 5 187.0, 161.5, 154.943.1, 142.9, 137.5,
134.9, 133.8, 133.1, 131.2, 129.5, 128.1, 128.9,11222.1, 116.1, 37.3, 28.2, 27.1.
HRMS (ESl)calcdfor CyH,oN;OS [M + HIF 362.1322, found, 362.1310.
2-((1-Chloro-3,4-dihydronaphthalen-2-yl)methylene)iH-indene-1,3(2H)-dione
(52). Prepared biethod 2 with 1,3-indandione (146 mg, 1.0 mmol) and 1-cbi8r4-
dihydro-2-naphthalenecarbaldehyde (193 mg, 1.0 mtoeifford compound?2 as a
brown solid (268 mg, 81% yieldH NMR (600 MHz, CDCJ) § 7.95 (s, 1H), 7.69-7.67
(m, 1H), 7.63-7.62 (m, 1H), 7.48-7.46 (m, 3H), 7.038(M, 2H), 6.91-6.89 (M, 1H),
2.84 (t,J=7.2, Hz, 2H), 2.60 (t] = 7.2, Hz, 2H);'*C NMR (150 MHz, CDGCJ) 5 189.6,
188.3, 142.5, 141.9, 140.0, 138.6, 134.9, 134.8,41331.9, 130.4, 129.4, 126.9, 126.7,
126.5, 122.9, 122.8, 28.7, 27.6. HRMS (E&d)cd for C,;H.,.CIO, [M + H]* 321.0677,

found,321.0676.



2-((6-Methyl-4-ox0-4H-chromen-3-yl)methylene)-1H-idene-1,3(2H)-diong53).
Prepared bylethod 2 with 1,3- indandione (146 mg, 1.0 mmol) and 3-fgk-
methylchromone (188 mg, 1.0 mmol) to afford commb&id as ayellow solid (253 mg,
80% yield).!H NMR (500 MHz, CDC}) § 10.35 (s, 1H), 8.39 (s, 1H), 8.05 (¢ 1.0 Hz,
1H), 7.99 — 7.97 (m, 2H), 7.83 — 7.79 (m, 2H), 7(8@,J; = 1.5 Hz,J, = 7.0 Hz, 1H),
7.43 (d,J = 7.0 Hz, 1H), 2.46 (s, 3H}3C NMR (125 MHz, CDG)) § 190.1, 189.1,
175.3, 163.4, 154.3, 142.1, 140.3, 136.7, 136.6,6,.335.5, 135.3, 129.0, 125.9, 123.6,
123.5, 123.3, 118.4, 118.3, 21.0. HRMS (ESlcdfor CygH150, [M + H]* 317.0808,
found, 317.0808.

2-((6-Bromo-4-oxo0-4H-chromen-3-yl)methylene)-1H-indne-1,3(2H)-diong54).
Prepared bylethod 2 with 1,3- indandione (100 mg, 0.7 mmol) and 6-boeda
formylchromone (173 mg, 0.7 mmol) to afford compo&d as ayellow solid (230 mg,
72% vyield).*H NMR (500 MHz, CDCJ) 5 10.35 (s, 1H), 8.39 (s, 1H), 8.05 (&= 1.0 Hz,
1H), 7.99 — 7.97 (m, 2H), 7.83 — 7.79 (m, 2H), 7(8@,J; = 1.5 Hz,J, = 7.0 Hz, 1H),
7.43 (d,J = 7.0 Hz, 1H), 2.46 (s, 3H}3C NMR (150 MHz, CDCJ + DMSO-d,) &
194.4, 193.6, 178.7, 159.7, 146.9, 144.9, 142.2,614141.0, 140.9, 139.4, 139.2, 134.7,
133.3, 133.2, 129.9, 128.5, 126.4, 124.4, 123.8,9.216.1. HRMS (ESBalcdfor
CyoH10BrO, [M + H]*380.9757, found, 380.9756.

2-((1H-Indol-2-yl)methylene)-1H-indene-1,3(2H)-dioe (55). Prepared by Method
2 with 1,3-indandione (146 mg, mmol) and indolea2boxaldehyde (145 mg, 1.0 mmol)

to afford compoun®5 as a yellow solid (255 mg, 81%eld). '*H NMR (500 MHz,



DMSO-dy) 5 12.2 (s, 1H), 8.03-8.01 (m, 1H), 7.96 — 7.95 (h),¥.91 (d,J = 5.5 Hz,
1H), 7.75 - 7.71 (m, 3H), 7.41 — 7.38 (m, 1H), 7=16.12 (m, 1H)*3C NMR (125 MHz,
DMSO-ad) 6 191.2, 189.8, 141.4,40.4, 139.9, 136.4, 133.8, 133.4, 128.5, 12824,9,
123.5,123.3,122.9, 121.6, 119.5, 113.6. HRMS Y ESltdfor C;gH;,NO, [M + H]*
274.0863, found, 274.0862.
2-((3-(4-Bromophenyl)isoxazol-5-yl)methylene)-1H-idene-1,3(2H)-diong56).
Prepared bylethod 2 with 1,3- indandione (146 mg, 1.0 mmol) and 3-(4-
bromophenyl)isoxazole-5-carboxaldehyde (252 mgnintbl) to affordcompoundb6 as a
yellow solid (238 mg, 63% yieldyH NMR (500 MHz, CDCJ) § 8.36 (s, 1H), 8.07. — 8.05
(m, 2H), 8.02 — 8.01 (m, 2H), 7.92 (= 8.5 Hz, 2H), 7.79 (d] = 8.0 Hz, 2H), 7.65 (s,
1H); °C NMR (125 MHz, CDGCJ) § 188.4,187.9, 165.7, 162.8, 142.8, 140.8, 137.1, 136.9,
132.9,132.8,129.2,127.4,124.7,124.0, 123.2,.91210.1. HRMSKESI) calcdfor
CygH1,BrNO; [M + H]* 379.9917, found, 379.9910.
(2)-3-((6-Hydroxy-1-oxo-1,3-dihydro-2H-inden-2-ylidere)methyl)-6-methyl-4H-
chromen-4-one(57). Prepared by Method 1 with 6-hydro-indanone (%8 1.0 mmol)
and 3-formyl-6-methylchromone (188 mg, 1.0 mmolafiord compound 57 as a yellow
solid (290 mg, 82% yieldfH NMR (600 MHz, DMSO#d) & 9.87 (s, 1H), 8.82 (s, 1H),
7.90 (d,J= 0.6 Hz, 1H), 7.65 (ddl1 = 1.8 Hz,J2 = 8.4 Hz, 1H), 7.61 (d] = 8.4 Hz,
1H), 7.58 (tJ = 1.8 Hz, 1H), 7.44 (d] = 7.8 Hz, 1H), 7.14 (ddl1 = 2.4 Hz,J2 = 7.8 Hz,
1H), 7.07 (dJ = 2.4 Hz, 1H), 3.90 (d] = 1.8 Hz, 2H), 2.43 (s, 3HYC NMR (150 MHz,

DMSO-dg) 6 193.2, 175.5, 158.0, 157.6, 154.2, 140.9, 1386.,9, 136.2, 127.8, 125.2,



124.1,123.2,122.8, 119.6, 118.8, 108.7, 31.8.HRMS (ESl)calcdfor C,gH1s0,4 [M +
H]* 319.0965, found, 319.0964.
(2)-3-((6-Methyl-4-ox0-4H-chromen-2-yl)methylene)indbn-2-one (58).
Prepared bylethod 1 with 2-oxindole (200 mg, 1.5 mmol) and 3-formyl-6-
methylchromone (283 mg, 1.5 mmol) to afford compbb& as a yellow solid310 mg,
68% vyield).XH NMR (600 MHz, DMSOs,) § 10.74 (s, 1H), 9.95 (d,= 0.6 Hz, 1H), 7.95
(s, 1H), 7.78 (s, 1H), 7.71 — 7.64 (m, 3H), 7.25J1 = 1.2 Hz,J2 = 7.8 Hz, 1H), 7.02 (t,
J=7.8 Hz, 1H), 6.85 (d] = 8.4 Hz, 1H), 2.46 (s, 3H¥*C NMR (150 MHz, DMSO#d) &
175.4,168.0, 160.4, 154.3, 141.2, 136.3, 136.9,91227.9, 125.8, 125.2, 124.6, 123.3,
121.9, 120.4, 119.0, 117.6, 110.1, 20.9. HRMS (ESljdfor C,gH,,NO; [M + H]*

304.0968, found, 304.0968.

4.2.a-Synuclein fibril formation

Fibrils were made from-synuclein peptide (R-peptidBpgart, GA)as follows:a-
Synuclein peptide (0.5 mg) was suspended in O.&ateér and transferred into a centricon
(10000 MWCO). 0.2 mL phosphate buffer (10 mM, pH)ivas added to this suspension
was added, and any soluble materials were remoyeg@ihning for 5 minutes in a
centrifuge (18000g). The process was repeatedifoes. After the fourtiime, the

peptide was transferred into a microtube (200arg, 2.5 pl of 300 mM MnGl(made in
water) was added’he resulting mixture was stirred at %0 in an incubator for seven

days until the solution turned hazy. The fibrilsrevepun down at 21000 rcf for six



minutes. The supernatant was decanted and testetbftomer concentration using the
BCA assay, and the fibril pellet was resuspend&Dihul PBS buffer (pH = 7.4).

Analysis BCA assay data showed a final concentradiqpeptide 129.6 uM in fibrils.
4.3.a-Synuclein fibril/ligand binding assay

The fluorescence (f-of ligand solutions at various concentration4 (@M to 10 uM) in
PBS (pH = 7.5, 196.2 uL) were recorded and thersfesired into microtube containing
synuclein fibrils (3.8 pL, 2.5 uM final concentiat). The mixture was incubated at %7
for 1 hour with shaking. Then the mixture was sdawn at 210009 for 15 minutes to
separate the fibrils. The supernatant was decaaneldts fluorescencejfwas measured. The
fluorescence @ of the bound fraction was obtained by subtradgftpm R. All datapoints

were performed in triplicate. The dissociation ¢ans(K;) was determined by fitting the
data to the equation Y = x X/(X + Ky), [where Y = fluorescence units of the bound
fraction (F3) and X = ligand concentration], by hoear regression using MATLAB

software (R2019B).
4.4. A fibrils formation

Ap (1-40) peptide (R-Peptide, Bogart, GA), vdissolved in PBS, pH 7.4, to a final
concentration of 43gg/ml (100 uM). The solution was stirred using a nmet@e stir bar at
700 rpm for four days at room temperature to diilmels' formation. The fibrils were spun
down at 21000 rcf for six minutes. The supernateag decanted and tested for monomer

concentration using the BCA assay. BCA assay datevad a final concentration of



peptide 129.6 uM in fibrils. The stock solution vedisjuoted and stored at -80 for future
use. The stock solutions were stirred thoroughfgigeremoving aliquots for binding

assays, to maintain a homogenous suspension i fibr
4.5. A fibril/ligand binding assay

Ligand solutions at various concentrations fronMLto 100 uM in PBS (pH = 7.5, 180
pL) ware added into microtube containing #brils (20 pL, 10 uM final concentration).
The mixture was incubated at 82 for 1 hour with shaking and then spun down at
210009 for 12 minutes to separate the fibrils. prexipitate was washed twice with Tris-
HCI and resuspended in 200 pL buffer. Fluorescarasemeasured in a SpectraMax-384
plate reader using excitation and emission maxiftlasomolecule. All data points were
performedn triplicate. The dissociation constant;{Kvas determined by fitting the data
to the equation Y = B, x X/(X + K), by nonlinear regression using MATLAB software

(R20198B).
4.6. Labeling of:-synuclein aggregates in Human PD Brain Tissue

Confirmed PD and AD (as well as control) tissuecgpens were obtained from the NIH
Brain & Tissue Repository-California, Human BrainSinal Fluid Resource Center, VA
West Los Angeles Medical Center, Los Angeles, Galifa, which is supported in part by

National Institutes of Health and the US Departnwdnteterans Affairs.

Fresh frozen tissue from the frontal cortex was &shded in Tissue-Tek O.C.T. and kept in

the liquid nitrogen for 30 minutes. The embeddssiue was sliced into 30n thick



sections with Lecia Biosystems Cryostats underr€28nd mounted onto microscope
slides, washed with 1x PBST, and then fixed witoXfdrmalin solution for 20 minutes.
Following fixation, the section was washed withEBS (three times) and permeablized
with 0.1% Triton-X 100 for ten minutes, followed bywashed with 1x PBS. Tissue was
then incubated with 2% normal Donkey serum at reemmperature for one hour followed
by incubation with antibody Syn211(Ascites freelL(DO in 1% Donkey serum) overnight
at 4 °C. Tissue was washed with 1x PBS and incddatewo hours at room temperature
with Alexa Fluor 647 labeled secondary antibodpQD: in PBS). After a washed with 1x
PBST, tissue was incubated at room temperaturehiidy minutes with SuM of test
compound dissolved in PBS. The section was washibadlw PBST, treated with
TrueBlack Linpofuscin Autofluorescence Quenche2@lin ethanol) for two minutes,
washed with 1x PBS, coverslipped, and imaged imPlys 1X81 microscope using

standard excitation/emission filters.
4.7. Staining of amyloig-plaques in human AD brain tissue

Fresh frozen tissue from the frontal cortex wabeaded with Tissue-Tek O.C.T.
Compound and kept in the liquid nitrogen for 30 mt@s. The embedded tissue was sliced
into 30um thick sections with Lecia Biosystems Cryostatdarm20°C and mounted onto
microscope slides. The section was washed withBSTPand then fixed with 10%
formalin solution for twenty minutes. It was theermeablized with 0.1% Triton-X 100
for ten minutes, incubated with 2% normal donkayseat room temperature for one

hour, followed by incubation with purified arfirAmyloid, 17-24 Antibody (Covance,



4G8) (1:500 in 1% Donkey serum) overnight at 4Rk section was incubated for two
hours at room temperature with Alexa Fluor 647 letbsecondary (1:200 in PBS) and then
treated with the compound to be tested. Each tissaigon was incubated at room
temperature for thirty minutes withy®/1 of test compound dissolved in PBS and then
treated with TrueBlack Linpofuscin Autofluoresceri@geencher (Biotium, 1:20 in ethanol)
for two minutes. Finally, tissue was washed, cdygred, and imaged in an Olympus

IX81 microscope using standard excitation/emissiters.
4.8. Determination of Pearson's Correlation Coedints (PCC) in tissue mages.

PCC values in the composite images were determislg the ImarisColoc module of
IMARIS x64 version 9. The analysis was carried @egr the entire frame of the image. A
threshold for each fluorophore channel, ligand §584d antibody (647) was defined by
increasing the minimums in the LUT distributionamvay to define the true signal. A
region of interest was selected by masking the dpacikd, and all the region except the
signal was masked off. All voxels excluding theioagof interest defined by the masked
channel were ignored for colocalization analysisofocalization channel was created
based on the overlapping voxels using the softwatagistics for the colocalized channel

generated by the software resulted in the respe&t®arson’s correlation coefficients.
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