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ABSTRACT: The aim of this study was the synthesis and I&acttsire selection of a best anti-leukemic ageoinfia library of
aza-podophyllotoxin analogues (APTs). To this emeé,report a scalable, modified multicomponent lieactising a “sacrificial”
aniline partner as a more general route to ragdhstruct the pivotal library of 50 APT analogu@sir preliminary structure activ-
ity relationship studies for anti-leukemic activiilso address the innate toxicity of these compswagainst non-malignant cells.
As a result, we identified 2 novel compourtsa’ and 2jc’ more potent than etoposide(25-60 fold) having high selectivity
against the human THP-1 leukemia cell line and @il toxicity (IG, of 9.3 + 0.8 and 19.6 + 1.4 nM respectively) whiepre-
sent the best candidates for further pharmacolbgjm#mization.
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1. Introduction.

Etoposidel (Vepesid), a synthetic derivative from the natural

product podophyllotoxin (PT), is highly prescribasl an anti-
cancer drug for the treatment of several humangnaticies
such as testicular and small-cell lung cantéviare recently,
1 was also evaluated and validated as constituerat thfird
line regimen in the treatment of relapsed acuteloggmous

2. Synthetic strategy to assemble the chemical liary.

In multicomponent reactions (MCRS), three or maragents
are combined to synthesize complex small-moleccibesain-
ing structural contributions from each reaction poment’
These one-pot processes are especially usefulhforrapid
construction of polycyclic heterocycles, which daa further
decorated to rapidly generate a portfolio of anaésgfrom a

leukemia (AML)? This semisynthetic drug exerts a strong targeted chemotype. Therefore, MCRs are powerfulena

chemotherapeutic effect by increasing levels of atewt
topoisomerase Il-cleaved DNA complexXedlthough these
complexes are common intermediates in the DNA dtyzas-
sage reaction, higher concentrations of such complare
responsible for mutagenic and cell death pathw&ys.the
other hand, the 4-aza-structural analogues of Rmety 4-
aza-2,3-didehydropodophyllotoxins (APTS2, have also
shown important biological activity as insecticidaesticancer
and vascular-disrupting agents and hold a greatnpiat in
developing novel therapeutics due to their appastmatight-
forward preparation in comparison1d*

To increase antitumor efficacy of the APT analogResghile
reducing systemic side effects and poor water ddjissues
found in the parent molecules podophyllotoxin atmpeside
1, site-specific modifications expanding the APTHtlndype’s
chemical space were used to determine the pharmheacep
responsible for the optimal bioactivity. Herein gnesented
our efforts to develop a practical multicomponegaation to
access modified APT analogu2gor a structure activity rela-
tionship (SAR) study, based on bioassays againstehaia
and pancreas cancer cell lines.

vers to rapidly construct large libraries of bidkajly active
molecules with high degree of complexity while maiging
the number of synthetic operatiohs.

Scheme 1MCR tactic to the 4-aza-podophyllotoxin chemotype

B Approach to site specific modifications for SAR study on APTs 2

e

etoposide (1)

MeO OMe
OH

4-aza-podophyllotoxins (2)

B This work: Revisiting the Husson-3CR to access novel APTs analogues
RZ

N
Multicomponent I o
é QO R1 \
Reaction 4 le)
L%
R3
In 2000, Husson and Giorgi-Renault reported theeextly
straightforward synthesis of APPsvia a unique 3-component

reaction (Husson-3CR) which entails the condensatib a

R1



tetronic acid5 with variously substituted anilin€sand alde- the nitrogen substitution @R as well as numerous possibilities
hydes4 (Scheme 1§. This unique transformation (Husson- for positional and functional modifications of tA€ T chemo-
3CR) enables the synthesis of podophyllotoxin's -aza type on the B-ring (B and the E-ring (. Recently, scien-
analogues in one-pot while site-specific modificat are tists at Bayer Cropscience prepared a large libcdrAPTs
achieved through the modification of anilines odedlydes (~140 compounds) and reported a lack of synthéticiency
partners utilized. This strategy offers facile nfimditions of using the typical Husson-3CR leading them to adeaan

Scheme 2 Synthesié€*® and biological evaluatiotiof a library of novel 4-aza-podophyllotoxins (AR Psy’
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2 Only novel analogues are presented above.™? Conditions.Method A: typical Husson-3CR with an equimolar ratio ofdeic acids, aniline3a-k and ben-
zaldehydeta’-h' under Ar was stirred at 12C in 2-pentanol (1 mL) for 1 houklethod B using the sacrificial anilindl: aniline3l (1.0 equiv.) and benzal-
dehydeda’-h’ (1.0 equiv.) was stirred under Ar at 1ZDin 2-pentanol (1 mL) for 2 hours, followed by &ioh of tetronic acicb (1.0 equiv.) for 10 mins and
finally aniline 3a-k (1.0 equiv.), the resulting mixture was refluxed &n additional 30 mind.Yields refer to pure producgxy’ isolated after recrystalliza-
tion of crude material in ethandlCompound?ja’ was isolated as over-oxidized quinolines and redun a second step; overall yield for both stepsei
ported above? The reported I or EGy values aregainst the human THP-1 leukemia cell line.



improved one-pot procedufeSeveral other groups also re-
ported their efforts in optimizing the original Hiom-3CRY
but a general synthetic method still remains téooed.

3. Results and discussion.
3.1. Chemistry.

Starting a new medicinal chemistry program, we mégere-
visited the Husson-3CR to prepare new structuraatians of
APTs 2 in a more efficient manner. Our mechanistic inigsir
lead us to identify an improved protocol in whiah external
sacrificial component was added to the typical l8us3CR
(Schemes 2 & Table 1j.In this new process, the electron
deficient ‘sacrificial’ aniline3l is first engaged with aldehyde
4y’ to efficiently generate a reactive imine internageli(ob-
served byH NMR) which then undergo condensation with the
tetronic acid5 and the desirable aniline partn&ssin a more
orderly fashion to ultimately deliver the APT malées 2xy’

in higher yields (up to three fold). Our varianttbé Husson-
3CR is highlighted by more sequential protocol ihich the
‘sacrificial’ aniline 3l is extruded during the later stage of con-
densations/dehydration steps and replaced by thieedeani-
line partners3a-k in the final product. The ‘sacrificial’ aniline
3l plays therefore a transient role in the cascadeharmgsm
and is fully regenerated at the end of the reactigsing this
protocol (Scheme 2Method B), several compoundg&bc’,
2ca’, 2dc’, 2dh’ and2fc’ were synthesized in higher yields (3-
49% yields after recrystallization) in comparisorthe typical
Husson-3CR (Scheme Riethod A). More importantly, com-
pounds2cc’, 2ch’, 2fd’, 2fh’, 2ga’, 2gc’, 2gd’and2ja’, which
are inaccessible via the typical Husson-3CR, cam be pre-
pared using the ‘sacrificial’ aniline strategy atben low
yields and enter the library for biological screwni(Table
1). Overall, we were able demonstrate modest impronésne
for the MCR, but the practicality of this methogizabted us to

build rapidly a larger library of 34 new APEgy’.
Table 1. Comparison of the Husson-3CR and modified-3CR

31 +4y' :\\N
R

Method B
sacrificial
aniline

Yield (%) Yield (%)
Compound ———— X !Compound —
Method A Method B Method A Method B
2bc’ 7 21 2fc’ 15 25
2ca’ 5 14 2fd’ NR 5
2cc’ NR 3 2fh’ NR 5
2ch’ NR 4 2ga’ NR 4
2dc’ 18 49 2gc' NR 10
2dh’ 12 39 2¢gd’ NR 6

3.2. SAR studies.

Having established the optimal reaction conditi@ascon-
struct the library (50 compounds in total), we exied our
investigation to the structure activity relationsl{SAR) stud-
ies (Table 2). To this aim, each APT compouhéffom the
medium-sized library was tested for effect on Jigbbf hu-
man THP-1 leukemia, pancreatic cancer PSN-1 andahum
embryonic kidney HEK293 cells and compared with tive
reference compound&aa’ and 1 (inset Scheme 2). HEK293
cells are used routinely in drug discovery to asdergeneral
cytotoxic profile in the early stage of analogue®velop-

ment’® Additionally, acute kidney injufy was often reported
in patients being treated withwhich makes HEK293 cells a
reasonable choice for this assEyoposidel was utilized as a
pharmacological assay control. Previoug,l@lues reported
for 1 with THP-1 cells vary widelygg. 8.5 pM™2 855 nM
5% which suggests that its apparent potency coufrbie on
the type of assay or to etoposide’s poor solubititthe assay
media. In our hands, we obtained a similagB@lue of 540 *
42 nM in the assay with THP-1 cells. Closer exammaof
dose response curves revealed differential effedt and test
compound2ha’ on THP-1 cells as compared to PSN-1 and
HEK293 cells (Fig. 1}* Overall, compoun®ha’ exhibited
complete response towards THP-1 cells (0-100% higbi
whereas dose response curves for viability of PShnd
HEK293 cells exhibited partial effect (either 5048@r > 50%
residual viability at highest concentration testethese data
suggeste®ha’ may have a different set of molecular targets
that affect cell viability of THP-1 cells as compdrto PSN-1
and HEK293 cells thus enhancirgha’ selectivity as anti-
leukemic agent. Furthermore, a full range respansmse of
THP-1 suggests th&ha’ causes cell death (cytocidal effect),
whereas a partial response in case of PSN-1 and2BEKells
suggested tha only inhibit cell growth (cytostatic effect) in
the time frame of the viability assay (72 hours)sifilar ef-
fect was previously reported for a series of straity related
N-hydroxyethyl-4-aza-didehydropodophyllotoxin deriva
tives® To test this hypothesis, viability assay were qeried
in the format that allows for cells count (Fig. A shown in
Fig. 1, 10 uM ofl and compoun@ha’ resulted in approxi-
mately 70-50% cell death in case of HEK293 cellan@ A)
and 100% cell death in case of THP-1 cells (Panettich is
in general agreement with CellTiter Glo® viabiliagsay re-
sults (Panels C & D). Etoposide exhibited incormpletll
death (~75%) in case of CellTiter Glo® viabilitysay (Panel
D) which could be due to the solubility issues diferences
in compound delivery method (pin tool in case ofTer
Glo® viability assay and pipettor in case Trypamdhassay).
Overall, most APT derivative? from the library may retain a
similar mechanism of action 4sand actia the same molecu-
lar targets i(e. topoisomerase Il) likely responsible for the
potent anti-leukemic activity.

Figure 1. Anti-leukemic activity: Comparison of CellTiter &G
and Trypan Blue viability assay using etoposidend2ha’.?
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Selective site modifications of the APT chemotgpeere first
examined on th&-ring by looking at the electronic nature of
the substituents decorating the ring (Table 2,yaimlby col-
umns). These results are mostly in agreement Withprevi-
ous reports mentioning that electron donating gso{gthers)
at the 3,4 or 3,4,5-positions of the E-ring (colwmh & 2)
enhanced the biological (antitumoral) activity bé tATPs2."
Exception being for compoundxh’ and2hd’, all the APT
analogues bearing either no substitution or beiewgtafluori-
nated on the E-ring (columns 3 & 4) tend to be @®erably
less potent against the two cancer cell lines deisteur study.
Furthermore, we decided to correlate these resuilts the
substitution pattern of thB-ring (Table 2, analysis by rows).
As previously reported, the dioxolane unit on Byeing is an
effective pharmacophore of the APTs skeleton asotstrat-
ed by the IG, values ranging from 12 + 1 to 287 + 24 nM
(row 1) More surprisingly, the presence of a thioethethat
C8-position or a free hydroxyl at the C7-positidrtlee B-ring
disturbs entirely the abilities of APTs to inhilfieir biological
target (IGy > 123 nM to 100 uM, rows 4 & 5). Replacing the
free hydroxyl group at C7 (from compoun2isa’ or 2bc’) by

a difluoromethyl ether or a methyl thioether (rov& 3) en-
hanced drastically the APTs biological activityatfing some
of the most active molecules from the present fipi.g .
compound®ca’, 2cc’, 2ch’ and2da’)

Table 2.SAR study***

E-ring [

MeO‘é&
OMe

MeO

decreasing ring electronic density

7 oé

2ac’ 2ah’ 2ad’
ICs0=49nM? |Cgy=103nM®  ICsp = 269 NM?
ECso = 180 nM? ECgo = 191 1M ECgo = 1 uMP
ECsp > 50 uM® ECs = 133 nM°  ECsp > 100 uM®

2ch’ 2cd’
ECso =17 nM?@ ECsq = 202 nM?
ECs = 40 nM?  ECsp = 549 nMP
ECso> 50 uM®  ECsg > 100 uM®
2dh’ 2dd"
ICso=37nM?  ICso=1uM?  ICg=470nM?
ECso=57nM? ECsy=2uM?  ECso =745 nMP
ECsp > 100 uM® ECsg > 100 uM®  ECsg > 100 uM°®
2bc’
ECs = 883 nM?
ECsp > 100 uM?
ECso > 100 uM®

2aa’
ICs0 = 13 NM@
ECgo = 22 nMP
ECsp > 100 uM®

2cc’
ECso = 17 nM?
ECgo = 88 nM?
ECsp > 50 uM°®

2dc’

H 2ca’

ICs0 = 9 NM?
ECso = 24 nMP
F ECg > 100 uM®
2da’

/ ICs = 19 "M@

ECso = 66 nM?
ECsp > 100 uM°®
H 2ba’

{ ICs0 = 123 nM?
ECsg = 473 nMP
ECsp > 100 uM°®

H 2ea’

ECsp > 100 uM?

ECgo > 100 pMP?

ECsp > 100 pM®
2ha’

ICsp = 13 NM?

ECgo = 60 nM?

ECsp > 50 uM°®

2ga’
ICsp = 41 nM?

2hh’ 2hd'
ICs0 = 249 NM? ICs = 17 NM?
ECgp = 222 nM? ECsp = 24 nM?
ECgo > 100 uMCECsp > 500 pM*®
2gh’ 2gd"
ICs0 =122 M7 |Cg, = 247 nM?
ECsp =71 nMP? ECso = 121 nM° EC,; = 968 nM?
ECgp > 100 uM® ECso > 100 uM®  ECqp = 3 uM°
2ia’ 2ic* 2ih* 2id'
ICsp =631 nM? ECsp =107 nMa 1Cso =58 nM?  1Cs0 =10.2uM?
ECs=4.5uM? ECsy=1.6uMb ECso =144 nMb  ECsg > 50 uM?
ECsy> 100 uM®  ECso > 50 uMe  ECsg > 50 uM®  ECsp > 50 uM®

2hc'
ICso = 11 nM?@
ECs = 17 nM?
ECgo > 100 uM°®
2gc’
ECsp = 95 nM?
ECsp = 213 nMP
ECs > 100 uM®

s
6 “':i

The reported 16, or EG, values are against: human THP-1
leukemia cell line® pancreas cancer PSN-1 cell line &mbn-
malignant kidney HEK293 cell line.

Likely due to similar electronic factors, the amaphtyl-
APTSs derivatives substituted via a C7-C8 linkagevg 6 & 7)
are much more potent than the APTs having a C5ikade
(row 8). Overall, the SAR study suggests the hypsiththat
an electron rich moiety placed at the APTB*r{ng) would
greatly enhanced potency against leukemic candetimes.

To confirm these results, the relatively less acthPT 2bc’
bearing a free hydroxyl group was etherified to timre-
sponding MOM-derivativelc’ in 25 % yield (Scheme 3). As
expected, APTRIc’ demonstrated much more potency against
the THP-1 cell line (E€ = 545 + 52 nM), activity very simi-
lar to the referencé& (ECs, = 540 £ 42 nM). Finally, the two
aromatic quinoline derivativegia’ and7fa’ (ICs, = 316 + 32
nM and 7.3 + 0.7 puM respectively) obtained from thedi-
fied-3CR were reduced to the corresponding ARjes and
2fa’ which demonstrated extremely high potencys{I€ 8 +
0.7 nM and 13 £ 1 nM respectively; Scheme 3). The 3
dimensional structure of dihydro-quinolirfa’ is primarily
accountable for the increase in potency (560 fldjompari-
son to the parent aromatic quinoliria’.

Scheme 3Modulations of the APTs pharmacophotes

H
i
NaH (1.5 eq.) MOMO N
\ MOMCI (1.1 eq) \
hw O 0 °CtoRT
1 hour
25% vyield
L0

2bc’ (ICsq = 883 nM) 2ic' ( I050 545 nM)

AcOH (15 eq.)
RT, 2 hours

2ja’, n = 0 (36% yield, ICso = 8 nM)

7ja',n = 0 (ICso = 316 nM)
2fa’, n = 1 (57% yield, ICso = 13 nM)

7fa',n =1 (ICsp = 7.3 uM)
& The reported Ig, values are against the human THP-1 leukemia
cell line.

In this collection of 50 APT molecules, 18 composirithve
been identified to inhibit the growth of THP-1 leukia cells
with ICs, < 50 nM*? Moreover, six of them are novel struc-
tures @ca’, 2cc’, 2ch’, 2da’, 2jc’ and2hd’) presenting a po-
tent activity against leukemia with d£< 20 nM. Figure 2
depicts a comparison of the seven most potent cangso
(2ca’, 2cc’, 2da’, 2fa’, 2ha’, 2ja’ and2jc’) in terms of bioac-
tivity and selectivity against three different céies (non-
malignant, leukemia and pancreas cancer cells)sélltem-
pounds are more cytotoxic against leukemia whiletaaing

a low toxicity against the non-malignant cells HER2(EG,

> 50 uM).1 remains one of the most selective compound test-
ed to date with 10 fold difference between canadl lmes.
However some novel compounds such2as’ and 2jc’ also
exert a comparable selectivity (4 and 7 fold retipely). As
shown in Fig. 2 (Panel B), compoun@sc’ (EGs, = 17 % 2
nM) and2jc’ (ICs, = 20 = 1 nM) have a similan vitro bio-
logical profile against leukemia cells, bRjc’ uniquely dis-
plays a full dose response curve of inhibition @)Owvhen
reaching low micromolar concentrations.



Figure 2. Lead compounds having high potency and selectivity Figure 3. Best potencies against THP-1 leukemia cells far th
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selectivity chart for the 7 best APT compounds & fibrary. changes in biological activity. Interestingly, by expanding
Panel B: Compound comparison showing high selectivity and these calculations to specific series of compou@jsD and
potency. E-rings constant), a trend can be observed betiexhiolog-

ical activity (IG, values against leukemia) and the compounds

. - , , lipophilicity. For example, in the series of compouris’,
In addition to compoun@ic’, four other APTs2ca’, 2da, 2lc’, 2dc’, 2cc’, 2he’ and2jc’, the lipophilicity increased sub-

2fa’ and2ha’ with ICs, < 20 nM are showing a curve of inhi- stantially (clogP = 2.0, 2.2, 3.0, 3.1, 3.3 and38hich trans-

bition with full response at sub-micromolar coneafions |5teq into an increase in cell permeation and &dhserved

(Fig. 3). From these bioactiyity plots, compoubet’ is the bioactivity (corresponding I§ values of 883, 540, 37, 17, 50
most potent against leukemia as shown by the stiam® of  \\/y The changes of substituents at C7 from a ffeenol to

activity (Hill slope coefficient) leading to an 4C= 9.3 £ 0.8 various ethers and thioethers resulted in a lamggavement

nM and an 16 < 20 nM. Three other compoundsa, 2fa in cytotoxicity which could likely be related tocambination
andzha’ are also showing important activity, wisfa’ being of two factors: an increased in binding ability@ESHF, and —
th.e second most potent and selective compoundeobéhies SCH)?* and/or a diminished oxidative metabolism of degrad
with an 1Go = 13.0 £ 2.0 nM. tion> Indeed, the increase in lipophilicity resultingr the
Etoposidel exhibits poor physicochemical properties for a ether appendages.g. 2bc’ vs 2Ic’ and2cc’) at C7 may favor
drug, likely causing its modest solubility in watélogP a better cell permeation without affecting the Ilnigdproper-
=1.16) and absorptioti.In fact, 1 disobeys three of the five ties of the small-molecules. Therefore we couldobate that
Lipinski’s rules® with a high molecular weight (MW of 588.6  lead compounds such @sa’ and2cc’ may present an interest-
DA > 500 DA) a large number of hydrogen-bond acsept ing balance between a relatively high lipophilidityfacilitate
sites (HBA(12) > 10) and a topological polar sugfarea of cell permeation (clogP ~ 3.0) while presenting mtieely
160.83 K (TPSA > 140 A).



large TPSA (TPSA ~ 70 A to maintain an important binding  The authors thank the Department of Chemistry aiodt@mistry
affinity to the cellular target. of Florida Atlantic University and Torrey Pines fitiste for Mo-

As shown in this SAR study, both factors of physlwemical lecular Studies for providing financial support.

properties and positional pattern of substitutidrthe APT- ABBREVIATIONS

molecules are important to develop novel analogui#s high ) ) ]
cytotoxicity. Overall, several pharmacophores hawen iden- ~ APT: 4-aza-2,3-didehydropodophyllotoxins; MCR: regmpo-
tified with the 3,4-dioxolane and the 3,4,5-trimmtlg substitu- ~ Nent reaction .

tions of theE-ring and the fused 6,7-cyclopentanyl, 7,8-

phenyl, 7-methylthioether or 7-difluoromethylettaar the B- 5. EXPERIMENTAL SECTION
ring. Single substitution at C5 or C8 were extremelljcdée 5.1. Chemistry.
and generally resulted in largely diminish bioaityiv Reactions were performed in flame-dried glasswadena posi-

tive pressure of argon. Yields refer to spectros=ily pure
compounds. Analytical TLC was performed on 0.25 miass
backed 60A F-254 TLC plates (Silicycle, Inc.). Thiates were
visualized by exposure to UV light (254 nm) and eleped by a
In summary, we modified the Husson-3CR and createata- solution of cerium-ammonium-molybdate in water/stif acid
ble and practical protocol to synthesize a serie$0 ana- and heat. Flash chromatography was performed ua@g400
logues of the etoposide aglycon, namely the 4-aza-mesh silica gels (Silicycle, Inc.). Infrared spactere recorded
2,3didehydropodophyllotoxin (APT3).'? This improved Hus- on a Nicolet 1S5 FT-IR spectrophotometl. NMR spectra were
son-3CR enabled the rapid structure-guided optitisiaof ~ recorded on a Varian Mercury400 (400 MHz) specttemand
the APT chemotype providing the basis for our SARIY. are reported in ppm using solvent as an interaaldstrd _(DMSO-
From the designed library of analogues, 18 compsujod s at 2.50 ppm). NMR spectra were performed usingdsted
which 9 are novel structures) demonstrated a gregateency parameter fnd. daig arE reported aS‘_(b = proadslsgiet, d =
against the human THP-1 leukemia cell linesgl€ 50 nM) doublet, t = triplet, q,= quartet, m = multipleipupling con-

_ - stant(s) in Hz, integration}3C NMR spectra were recorded on
:_han 12(E,C5%E ,540 ;24.'2, nhM). Mt? reov%r, t?_;_e % ptot%nt (rzl]_erma Varian Mercury400 (100 MHz) spectrometer. Chemgtdfts are
IVes 2Ca, cha andzc have been iaentined 1o be nighly reported in ppm, with solvent resonance employethasnternal

4. Conclusions.

s_elect_ive ag_ai_nst leukemia cells with low nanomelatipro- standard (DMSO-lat 39.5 ppm). Melting points were deter-
liferative activity (IGo 0f 9.3 + 0.8, 13.0 £ 2.0 and 19.6 £ 1.4 mineq using Digimelt digital melting point apparaturhe low
nM respectively) while preserving a low toxicity ofife resolution mass spectra were performed on Agil@@01series

against the non-malignant cells tested. In additibe most HPLC system/6120 single quadrupole MSD (electrospuaiza-

potent analogues possess good physicochemicalriespand  tion; ESI) with dual detector (PDA and ELSD). A ftyrof at

specific substitution patterns on the B-ring eithéth an het- least 95% was obtained for all the compounds byns\@é chro-
eroatomic ether chain at C7 or a carbocyclic fumgpendage  matography, crystallization, or recrystallizatiomhis level of

at the C6-C7 or C7-C8 which were therefore idesdifas im- purity was established by LC/MS on a Agilent 12@fies HPLC
portant pharmacological sites. Finally, the syrithélOM- based on the ELSD and UV chromatograiws 60 nm) using a
derivative 2Ic’ displays a comparable anti-leukemic activity linear gradient, water + 0.1% formic acid and Me€R.1% for-

and selectivity to etoposidé against leukemia and a lower mic acid, at 60:40 (0 min) to 0:100 (20 min) anitoa rate of 0.8
toxicity. From the knowledge gained in this studytbe APT ~ ML/min; Retention times are reported for the leasnpounds
tricyclic core, a lead compour2ta’ may potentially be fur-  (Ro). Accurate mass (High resolution HR-MS) was otgifrom

ther modified to develop more soluble derivativesweell as ~ University of Florida using Agilent 6210 TOF instnent.

prodrug analogues. Studies along these lines gyegress. Novel aza-podophyllotoxin® were synthesized using either the

typical Husson-3CR (method A) or using a modifi€gtR3enabled
ASSOCIATED CONTENT by a sacrificial aniline (method Bf.Compounds2aa’ #8910
*s Supporting Information 2ac’ ¥ 2ae’ 10, 2af 1049100 2aq'9 2ah’ 49, 2bar B 2far o4t
Experimental procedures, characterization datdpgical profile, 2ha’ *¢ 2hc' 19, 2ia “*80 2ic’ 419 2k’ 1% 2ke’ 1% and2kh’ 1
and NMR spectra of all new APT-moleculsThis material is ~ were previously reported by others. Only biologiaativity was
available free of charge via the Internet at hppiss.acs.org. reported for Compoun@ja’ *%. Compounds2bc’, 2ca’, 2dc’,

2dh’ and 2fc’ have been previously reported and fully character-
AUTHOR INFORMATION ized by usH, **C NMRs, IR, melting points and HRMS).

. General procedure A: A round bottom flask was charged under
Corresponding Author argon with aniline3 (1.0 equiv.), aldehydd (1.0 equiv.), and
*sroche2@fau.edu; dzm0032@auburn.edu. tetronic acidb (1.0 equiv.) in 2-pentanol or ethanol [0.3 M]. Rea
tion was refluxed (at 12% or 80°C respectively) for 1 hour, then
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the solvent was evaporated under vacuum and thke grroduct

The manuscript was written through contributiong\bf, DM and purified by recrystallization in ethanol or by ftashromatog-
SPR. / All authors have given approval to the firgision of the raphy on silica gel.
manuscript.

General procedure B: A two neck round bottom flask under
argon equipped with a condenser was charged witehgtie4
(1.0 equiv.) and 4-chloroaniling (1.1 equiv.) in 2-pentanol [0.3
M] and stirred at reflux for two hours. The tetroracid5 (1.1
equiv.) in 2-pentanol (minimum amount) was theneatidt re-
ACKNOWLEDGMENT flux. After another 10 mins at reflux, the thirdngponent aniline
3 (1.0 equiv.) was added neat. The reaction mixtuae vefluxed

Notes
The authors declare no competing financial interest



for an additional 30 mins. All volatiles were evapied under
vacuum and the crude product purified by recryigeilon in
ethanol or by flash chromatography on silica gel.
9-(benzo[d][1,3]dioxol-5-yl)-6,9-dihydro-[1,3]dioxdo[4,5-
g]furo[3,4-b]quinolin-8(5H)-one (2ac’). Compound 2ac’ was
prepared accordingly to ttgeneral procedure A for the one pot
synthesis using 1,3-benzodioxole-5-carbaldehyt® (150 mg, 1.0
mmol, 1.0 equiv.), 3,4-(methylenedioxy)aniliBa (137 mg, 1.0
mmol, 1.0 equiv.) and tetronic ackl (100 mg, 1.0 mmol, 1.0
equiv.) in 2-pentanol (3.3 mL). The crude produesMiltered and
washed with cold ethanol (3x 2.5 mL) to obtain conmpd2ac’ in
a pure form (171 mg, 0.5 mmol, 49% vyield). Lighbwn solid;
R¢ = 0.29 (acetone/hexanes; 35/6%);p. > 260 ‘C: IR vmax
(neat): 3224, 3095, 1712, 1642, 1562, 1481, 1228511038,
1016, 933, 780 cih *H NMR (400 MHz, DMSO-¢) & (ppm):
9.87 (bs, 1H), 6.83 — 6.75 (m, 1H), 6.73 (s, 1H56dd,J = 7.7,
1.5 Hz, 1H), 6.59 (s, 1H), 6.51 (s, 1H), 5.97 —75(®, 4H), 4.97
(d,J=15.8 Hz, 1H), 4.83 (s, 1H), 4.83 (@l 15.8 Hz, 1H)LC-
MS (ESI): mz374.0 (M+Na).

9-(perfluorophenyl)-6,9-dihydro-[1,3]dioxolo[4,5-gfuro[3,4-
b]quinolin-8(5H)-one (2ad’). Compound 2ad’ was prepared
accordingly to thegeneral procedure A for the one pot synthesis
using pentafluorobenzaldehydéd’ (490 mg, 2.5 mmol, 1.0
equiv.), 3,4-(methylenedioxy)anilinga (343 mg, 2.5 mmol, 1.0
equiv.) and tetronic acifl (250 mg, 2.5 mmol, 1.0 equiv.) in eth-
anol (10 mL). The crude product was filtered andsheal with
cold ethanol (3x 2.5 mL) to obtain compougdd’ (99 mg, 0.3
mmol, 10% yield). White solidR; = 0.30 (acetone/hexanes;
35/65); m.p. >260 C; IR vmax (neat): 3230, 1727, 1650, 1498,
1481, 1190, 1040, 1020, 990, 942, 835, 761:,clH NMR (400
MHz, DMSO-d) & (ppm): 10.12 (bs, 1H), 6.54 (s, 1H), 6.51 (s,
1H), 5.96 (s, 1H), 5.93 (s, 1H), 5.43 (s, 1H), 480J = 16.0 Hz,
1H), 4.85 (dJ = 16.0 Hz, 1H)L.C-MS (ESI): m/z398.0 (M+H),
420.0 (M+Na).

9-(4-methoxyphenyl)-6,9-dihydro-[1,3]dioxolo[4,5-glro[3,4-
b]quinolin-8(5H)-one (2af'). Compound2af’ was prepared ac-
cordingly to thegeneral procedure A for the one pot synthesis
using 4-methoxybenzaldehydéf (340 mg, 2.5 mmol, 1.0
equiv.), 3,4-(methylenedioxy)anilinga (343 mg, 2.5 mmol, 1.0
equiv.) and tetronic acil (250 mg, 2.5 mmol, 1.0 equiv.) in eth-
anol (10 mL). The crude product was filtered andicated in
dichloromethane (4 mL) for 15 minutes, followed dBntrifuga-
tion at 5,800 rpm for 10 minutes (x3) to obtain @wompound
2af’ (444 mg, 1.3 mmol, 53% vyield). Pale yellow soR};= 0.19
(acetone/hexanes; 35/6%5);p. 136-137 C; IR vmax (neat): 3222,
3157, 3092, 1711, 1641, 1560, 1502, 1478, 119261831 cn;
H NMR (400 MHz, DMSO-g) 5 (ppm): 9.84 (bs, 1H), 7.09 (d,

= 8.5 Hz, 2H), 6.81 (d] = 8.5 Hz, 2H), 6.54 (s, 1H), 6.51 (s, 1H),
5.95 (s, 1H), 5.89 (s, 1H), 4.92 M= 15.5 Hz, 1H), 4.85 (s, 1H),
4.83 (d,J = 15.5 Hz, 1H), 3.69 (s, 3H)LC-MS (ESI): n/z338.0
(M+H).

6-hydroxy-9-(4-hydroxy-3-methoxyphenyl)-4,9-
dihydrofuro[3,4-b]quinolin-1(3H)-one (2bb’). Compound2bb’
was prepared accordingly to theneral procedure A for the one
pot synthesis using 3-hydroxy-4-methoxybenzaldehydb’ (381
mg, 2.5 mmol, 1.0 equiv.) 3-aminopherdl (273 mg, 2.5 mmol,
1.0 equiv.) and tetronic ackl (250 mg, 2.5 mmol, 1.0 equiv.) in
ethanol (10 mL). The product was filtered off thede reaction
mixture and washed with cold ethanol (3x 2.5 mLpkdain pure
compound2bb’ (235 mg, 0.72 mmol, 29% yield). Off-white sol-
id; R = 0.24 (acetone/hexanes; 45/58)p. > 260°C; IR vmax
(neat): 3446, 3377, 3231, 1724, 1646, 1622, 1496211026,
1018, 770 cnf; *H NMR (400 MHz, DMSO-¢) 5 (ppm): 9.84
(bs, 1H), 9.43 (s, 1H), 8.75 (s, 1H), 6.841d; 8.1 Hz, 1H), 6.79
(d,J=1.6 Hz, 1H), 6.62 (d] = 8.1 Hz, 1H), 6.46 (ddl = 8.1, 1.6

Hz, 1H), 6.33 (dd)) = 8.1, 1.6 Hz, 1H), 6.32 (d,= 1.6 Hz, 1H),
4.92 (d,J = 15.6 Hz, 1H), 4.82 (dl = 15.6 Hz, 1H), 4.76 (s, 1H),
3.70 (s, 3H)LC-MS (ESI): mz326.1 (M+H).

6-(difluoromethoxy)-9-(3,4,5-trimethoxyphenyl)-4,9-
dihydrofuro[3,4-b]quinolin-1(3H)-one 2ca’. Compound 2ca’
was prepared accordingly to theneral procedure B for the one
pot sequential synthesis using 4-chloroaniline3l (72 mg, 0.56
mmol, 1.1 equiv.), 3-difluoromethoxy anilingc (81 mg, 0.51
mmol, 1.0 equiv.), 3,4,5-trimethoxybenzaldehyt#® (100 mg,
0.51 mmol, 1.0 equiv.) and tetronic a&dd(56 mg, 0.56 mmol,
1.1 equiv.), in 2-pentanol (1.7 mL + 0.4 mL). Theide product
was purified by column chromatography using isacrablvent
system of 20% acetone in hexanes system to obtai® gom-
pound2ca’ (30 mg, 0.06 mmol, 14% yield). Compou2ch’ was
also prepared accordingly to theneral procedure A for the one
pot synthesis using the exact same quantities and was purified b
column chromatography using isocratic solvent systd 20%
acetone in hexanes system to obtain pure compaocad5 mg,
0.01 mmol, 2% yield). White powderR; = 0.22 (Hex-
anes/acetone 65 / 35§1.p.>260°C; IR vmax (neat): 3246, 1727,
1644, 1548, 1492, 1174 ¢iiH NMR (400 MHz, DMSO)3
(ppm):10.13 (s, 1H), 7.19 (s, 1H), 7.18J& 73.9 Hz, 1H), 6.73
(d, J = 8.1 Hz, 1H), 6.69 (s, 1H), 6.50 (s, 2H), 5.18.#8 (m,
3H), 3.70 (s, 6H), 3.60 (s, 3HYC NMR (100 MHz, DMSO-g)

S (ppm): 171.9, 158.5, 152.8 (2C), 150.0, 142.4,.337136.1,
132.1, 121.3, 116.3 ( = 278.6 Hz), 113.2, 106.2, 104.9 (2C),
95.7, 65.1, 59.9, 55.8 (2C), 30IC-MS (ESI): R, = 5.1 mins,
m'z 420.0 (M+H); HR-MS (ESIl): m/z Calcd for
[C21H1gFo,NOg+H]7420.1253, Found 420.1250 (-0.7 ppm).

9-(benzo[d][1,3]dioxol-5-yl)-6-(difluoromethoxy)-49-
dihydrofuro[3,4-b]quinolin-1(3H)-one (2cc’). Compound2cc’
was prepared accordingly to tigeneral procedure B for the se-
quential one pot synthesis using 4-chloroaniline3l (140mg, 1.1
mmol, 1.1 equiv.), 1,3-benzodioxole-5-carbaldehgde(150 mg,
1.0 mmol, 1.0 equiv.), 3-(difluoromethoxy) benzamidc (159
mg, 1.0 mmol, 1.0 equiv.) and tetronic abi§10 mg, 1.1 mmol,
1.1 equiv.) in 2-pentanol (3.3 mL). The oily crugeduct was
taken in methanol (2.5 mL) and the precipitate Vsred and
washed with cold ethanol (3x 2.5 mL) to obtain paoenpound
2cc’ (11 mg, 0.03 mmol, 3% yield). Off-white crystaR; = 0.41
(acetone/hexanes; 40/60¥.p. > 260 'C; IR vmax (neat): 3322,
1728, 1641, 1611, 1482, 1109, 1040, 1011, 798;ciH NMR
(400 MHz, DMSO-@) 8 (ppm): 10.15 (bs, 1H), 7.17 @,= 74.0
Hz, 1H), 7.09 (dJ = 8.5 Hz, 1H), 6.79 (d] = 8.0 Hz, 1H), 6.75
(d,J=1.6 Hz, 1H), 6.72 (ddl = 8.5, 2.4 Hz, 1H), 6.69 — 6.67 (m,
2H), 5.94 (d, 2.0 Hz, 2H), 4.93 (s, 1H), 4.93 (8,4LHz, 1H),
4.87 (d, 15.4 Hz, 1H)}}L.C-MS (ESI): R, = 7.3 mins,m/z 374.0
(M+H), 396.0 (M+Na); HR-MS (ESI): m/z Calcd for
[C1gH14FNOs+H]* 374.0840, Found 374.0850 (+ 2.7 ppm).

6-(difluoromethoxy)-9-(perfluorophenyl)-4,9-dihydrofuro[3,4-
b]quinolin-1(3H)-one (2cd’). Compound2cd’ was prepared ac-
cordingly to thegeneral procedure A for the one pot synthesis
using 3-(difluoromethoxy)benzamirge (159 mg, 1.0 mmol, 1.0
equiv.), pentafluorobenzaldehydl’ (196 mg, 1.0 mmol, 1.0
equiv.) and tetronic acié (100 mg, 1.0 mmol, 1.0 equiv.) in 2-
pentanol (3.3 mL). The crude product was filtered avashed
with cold ethanol (3x 2.5 mL) to obtain compouetl’ (56 mg,
0.13 mmol, 13% yield). White solid®®; = 0.29 (acetone/hexanes;
30/70);m.p. > 260°C; IR vmax (neat): 1726, 1644, 1495, 1190,
1170, 1021, 991, 762 ¢htH NMR (400 MHz, DMSO-¢) &
(ppm): 10.38 (bs, 1H), 7.23 @,= 73.7 Hz, 1H), 7.06 (d] = 8.3,
1H), 6.75 (ddJ = 8.3, 1.7 Hz, 1H), 6.71 (d,= 2.0 Hz, 1H), 5.56
(s, 1H), 4.96 (dJ = 16.1, 1H), 4.90 (d) = 16.1, 1H);"*C NMR
(100 MHz, DMSO-¢) 4 (ppm): 171.4, 159.1, 150.7, 138.1 (2C),



131.9 (3C), 117.7, 116.2 (1= 258.6 Hz), 113.4 (3C), 106.3 (2C),
92.2, 65.4, 28.7.C-MS (ESI): mVz420.0 (M+H), 442.0 (M+Na);

6-(difluoromethoxy)-9-phenyl-4,9-dihydrofuro[3,4-b]quinolin-
1(3H)-one (2ch’). Compound2ch’ was prepared accordingly to
thegeneral procedure B for the sequential one pot synthesis using
4-chloroaniline3l (140 mg, 1.1 mmol, 1.1 equiv.), benzaldehyde
4h’ (106 mg, 1.0 mmol, 1.0 equiv.), 3-(difluoromethpxyen-
zamine3c (159 mg, 1.0 mmol, 1.0 equiv.) and tetronic &id 10
mg, 1.1 mmol, 1.1 equiv.) in 2-pentanol (3.3 mLheToily crude
product was taken in methanol (2.5 mL) and theipitate was
filtered and washed with cold ethanol (3x 2.5 mh)obtain pure
compound2ch’ (12 mg, 0.4 mmol, 4% yield). Metallic white
crystals; R; =0.35 (70/30 acetone/hexanem);p. > 260 C; IR
vmax (neat): 3231, 1723, 1636, 1617, 1495, 111821046, 696
cm® 'H NMR (400 MHz, DMSO-¢) & (ppm): 10.16 (bs, 1H),
7.18 (t,J = 74.0 Hz, 1H), 7.28-7.07 (m, 6H), 6.73-6.69 (k)2
5.01 (s, 1H), 5.00 (d] = 15.8 Hz, 1H), 4.89 (d] = 15.8 Hz, 1H);
LC-MS (ESI): m/z368.0 (M+K).

6-(methylthio)-9-(3,4,5-trimethoxyphenyl)-4,9-
dihydrofuro[3,4-bJquinolin-1(3H)-one (2da’). Compound2da’
was prepared accordingly to theneral procedure A for the one
pot synthesis using 3-methylthioanilinedd (138 mg, 1.0 mmol,
1.0 equiv.), 3,4,5-trimethoxybenzaldehyde’ (196 mg, 1.0
mmol, 1.0 equiv.) and tetronic ackl (100 mg, 1.0 mmol, 1.0
equiv.) in 2-pentanol (3.3 mL). The crude produesswecrystal-
lized in ethanol (2.5 mL), then filtered and washeith cold
ethanol (3x 2.5 mL) to obtain pure compouzah’ (78 mg, 0.2
mmol, 20% vyield). White crystald}; = 0.25 (acetone/hexanes;
35/65);m.p. > 260°C; IR vmax (neat): 3249, 2359, 2341, 1725,
1635, 1483, 1128, 1008, 750 ¢ntH NMR (400 MHz, DMSO-
ds) & (ppm): 10.00 (bs, 1H), 7.07 (@~ 8.1 Hz, 1H), 6.81 (d] =
8.1 Hz, 1H), 6.77 (s, 1H), 6.49 (s, 2H), 5.02Jd; 15.7 Hz, 1H),
4.91 (s, 1H), 4.87 (d] = 15.7 Hz, 1H), 3.70 (s, 6H), 3.60 (s, 3H),
2.42 (s, 3H);*C NMR (100 MHz, DMSO-¢) & (ppm) 172.0,
158.7, 152.8 (2C), 142.6, 137.3, 136.5, 136.1, 1,3121.1,
120.7, 112.9, 104.9 (2C), 95.4, 65.1, 59.9, 55(),(39.3, 14.6;
LC-MS (ESI): Ry = 6.5 mins,m/z 400.0 (M+1), 422.0 (M+Na);
HR-MS (ESI): m/z Calcd for [G;H»NOsS+H]" 400.1219, Found
400.1225 (+ 2.4 ppm).

6-(methylthio)-9-(perfluorophenyl)-4,9-dihydrofuro[ 3,4-
b]quinolin-1(3H)-one (2dd’). Compound 2dd’ was prepared
accordingly to thegeneral procedure A for the one pot synthesis
using 3-methylthioanilineé3d (138 mg, 1.0 mmol, 1.0 equiv.),
pentafluorobenzaldehyds’ (196 mg, 1.0 mmol, 1.0 equiv.) and
tetronic acid5 (100 mg, 1.0 mmol, 1.0 equiv.) in 2-pentanol (3.3
mL). The crude product was recrystallized in ethg@db mL),
then filtered and washed with cold ethanol (3x 1215 to obtain
pure compoun@dd’ (112 mg, 0.28 mmol, 28% yield). Off-white
solid; Rf = 0.30 (acetone/hexanes; 30/7&);p. > 260 ‘C: IR
vmax (neat): 3213, 1719, 1637, 1518, 1499, 1486112022,
992, 955, 916 cii 'H NMR (400 MHz, DMSO-g) & (ppm):
10.26 (bs, 1H), 6.92 (d,= 8.1 Hz, 1H), 6.82 (dd} = 8.1, 1.7 Hz,
1H), 6.77 (dJ = 1.7 Hz, 1H), 5.51 (s, 1H), 4.96 @@= 16.0 Hz,
1H), 4.91 (dJ = 16.0 Hz, 1H), 2.44 (s, 3H}*C NMR (100 MHz,
DMSO-d;) & (ppm): 171.5, 159.3 (2C), 138.7 (2C), 137.2 (2C),
130.6 (2C), 120.8 (2C), 117.3, 112.8 (2C), 91.74638.8, 14.4;
LC-MS (ESI): m/z422.0 (M+Na).

9-(4-fluorophenyl)-6-(methylthio)-4,9-dihydrofuro[3,4-
b]quinolin-1(3H)-one (2de’). Compound2de’ was prepared ac-
cordingly to thegeneral procedure A for the one pot synthesis
using 3-methylthioaniline3d (138 mg, 1.0 mmol, 1.0 equiv.), 4-
fluorobenzaldehydete’ (124 mg, 1.0 mmol, 1.0 equiv.) and
tetronic acid5 (100 mg, 1.0 mmol, 1.0 equiv.) in 2-pentanol (3.3
mL). The crude product was filtered and washed witld ethanol

(3x 2.5 mL) to obtain pure compourgtle’ (98 mg, 0.3 mmol,
30% vyield). White solidR; = 0.29 (acetone/hexanes; 30/7@)p.

> 260 °C; IR vmax (neat): 3240, 1711, 1639, 1606, 1532, 1486,
1211, 1022, 920, 851 ¢n'H NMR (400 MHz, DMSO-¢) 5
(ppm): 10.10 (bs, 1H), 7.22 (dd~= 8.4, 5.6 Hz, 2H), 7.07 (§,=
8.8 Hz, 2H), 6.95 (dJ = 8.0 Hz, 1H), 6.80 (dd] = 10.1, 1.7 Hz,
2H), 5.00 (s, 1H),4.97 (d, = 15.8 Hz, 1H), 4.87 (dl = 15.8 Hz,
1H), 2.42 (s, 3H);®*C NMR (100 MHz, DMSO-g) & (ppm):
172.1, 160.9 (dJ = 240.0 Hz,), 158.6, 143.1 (d,= 3.0 Hz), ,
137.6, 136.7, 131.3, 129.5 @ 8.0 Hz, 2C), 121.1, 120.8, 115.2
(d,J =21.0 Hz, 2C), 113.0, 95.6, 65.3, 38.3, 146:MS (ESI):
m/z328.0 (M+H), 350.0 (M+Na).

9-(2,3-dimethoxyphenyl)-6-(methylthio)-4,9-dihydrofiro[3,4-
b]quinolin-1(3H)-one (2dg’). Compound 2dg’ was prepared
accordingly to thegeneral procedure A for the one pot synthesis
using 3methylthioaniline3d (123puL, 1.0 mmol, 1.0 equiv.), 2;3
dimethoxybenzaldehyd4g’ (166 mg, 1.0 mmol, 1.0 equiv.), and
tetronic acid5 (100 mg, 1.0 mmol, 1.0 equiv.) in@Eentanol (3.3
mL). The crude product was purified by recrystalfian in etha-
nol (2.5 mL), then filtered and washed with coltatol (3 x 2.5
mL) to obtain pure compourztg’(66 mg, 0.2 mmol, 18% yield).
White powder;R; = 0.21 (acetone/hexanes; 30/76).p. > 260
°C; IR vmax (neat): 1721, 1636, 1526, 1483, 1351, 12258107
1011, 740 cnf; 'H NMR (400 MHz, DMSO-¢) & (ppm): 9.98
(bs, 1H), 6.94 (tJ = 7.9 Hz, 1H), 6.87 — 6.81 (m, 2H), 6.75 (dd,
=8.2,1.9 Hz, 1H), 6.72 (d,= 1.9 Hz, 1H), 6.64 (dd1 = 7.7, 1.1
Hz, 1H), 5.25 (s, 1H), 4.96 (d,= 15.4 Hz, 1H), 4.87 (dJ = 15.4
Hz, 1H), 3.78 (s, 3H), 3.73 (s, 3H), 2.40 (s, 3HB-MS (ESI):
m/z 370.0 (M+H), 392.0 (M+Na).

5-(methylthio)-9-(3,4,5-trimethoxyphenyl)-4,9-
dihydrofuro[3,4-b]quinolin-1(3H)-one (2ea’). Compound2ea’
was prepared accordingly to theneral procedure A for the one
pot synthesis using 3,4,5-trimethoxybenzaldehyda’ (491 mg,
2.5 mmol, 1.0 equiv.), 2-methylthioanilirde (348 mg, 2.5 mmol,
1.0 equiv.) and tetronic achl (250 mg, 2.5 mmol, 1.0 equiv.) in
ethanol (10 mL). The crude product was purified dnplumn
chromatography on silica gel using an isocrativesai system of
acetone and dichloromethane (20:80) to obtain porapound
2ea’ (771 mg, 1.93 mmol, 77% yield). Red solkk = 0.29 (ace-
tone/hexanes; 45/55x.p. > 260°C; IR vmax (neat): 2929, 1734,
1669, 1589, 1455, 1418, 1230, 1121, 1005, 770;ciH NMR
(400 MHz, DMSO-¢) 3 (ppm): 7.09 (dJ = 2.1 Hz, 1H), 6.86 (dd,
J=28.3, 2.1 Hz, 1H), 6.60 (d,= 8.3 Hz, 1H) 6.59 (s, 2H), 4.86 (s,
1H), 4.67 (s, 2H), 3.67 (s, 6H), 3.62 (s, 3H), 2(843H);LC-MS
(ESI): mz418.1 (M+HO+H);

9-(4-hydroxy-3-methoxyphenyl)-5-(methylthio)-4,9-
dihydrofuro[3,4-b]quinolin-1(3H)-one (2eb’). Compound2eb’
was prepared accordingly to tgeneral procedure A for the one
pot synthesis using 3-hydroxy-4-methoxybenzaldehydb’ (380
mg, 2.5 mmol, 1.0 equiv.), 2-methylthioanili3e (348 mg, 2.5
mmol, 1.0 equiv.) and tetronic ackl (250 mg, 2.5 mmol, 1.0
equiv.) in ethanol (10 mL). The crude product wasified by
column chromatography on silica gel using an isicrsolvent
system of acetone and dichloromethane (30:70) taimlpure
compound2eb’ (733 mg, 2.1 mmol, 83% yield). Deep red solid;
R¢ = 0.26 (acetone/hexanes; 45/5&);p. > 260 C; IR vmax
(neat): 2926, 1609, 1512, 1427, 1268, 1229, 110311779, 687
cm’; 'H NMR (400 MHz, DMSO-g) 5 (ppm): 8.75 (bs, 1H),
7.06 (d,J = 2.0 Hz, 1H), 6.85 — 6.81 (m, 2H), 6.68 — 6.56 (m
3H), 5.07 (bs, 1H), 4.82 (s, 1H), 4.64 (s, 2H) 53§, 3H), 2.23 (s,
3H); LC-MS (ESI): m/z356.2 (M+H).

11-(3,4,5-trimethoxyphenyl)-6,7,8,9-
tetrahydrobenzo[g]furo[3,4-b]quinolin-1(3H)-one (7fa’). Com-
pound7fa’ was prepared accordingly to tgeneral procedure B



for the sequential one pot synthesis using 4-chloroanilingl (140
mg, 1.1 mmol, 1.1 equiv.), 5,6,7,8-tetrahydronaplgh-2-amine
3f (147 mg, 1.0 mmol, 1.0 equiv.), 3,4,5-trimethoxybadehyde
4a’ (196 mg, 1.0 mmol, 1.0 equiv.) and tetronic agifiL10 mg,
1.1 mmol, 1.1 equiv.) in 2-pentanol (1.7 mL). Thrade product
was taken in methanol (2.5 mL) and the precipitegs filtered
and washed with cold ethanol (3x 2.5 mL) to obtaime com-
pound7fa’ (25 mg, 0.06 mmol, 6% yield). White soli; = 0.38
(ethyl acetate/hexanes; 1:);p. > 260°C; IR vmax (neat): 2936,
1768, 1599, 1579, 1445, 1412, 1121, 1039, 1029, 8% cn;
'H NMR (400 MHz, DMSO-g) & (ppm): 7.89 (bs, 1H), 7.60 (s,
1H), 6.77 (s, 2H), 5.46 (s, 2H), 3.79 (s, 3H), 3(3,76H), 3.03 (t,
J = 5.2 Hz, 2H), 2.90 (tJ = 5.3 Hz, 2H), 1.84 — 1.75 (m, 4H);
LC-MS (ESI): mz406.0 (M+H).

11-(3,4,5-trimethoxyphenyl)-4,6,7,8,9,11-
hexahydrobenzo[g]furo[3,4-b]quinolin-1(3H)-one (2f§. To a
suspension of compour&fa’ (21 mg, 0.05 mmol, 1.0 equiv.) in
glacial acetic acid (0.6 mL, 15.0 equiv.) was addedium cya-
noborohydride (10 mg, 0.2 mmol, 3.0 equiv.) in guetion at
room temperature and the reaction mixture wasestifor 4 hours.
The reaction mixture was poured into an ice coldew& mL)
and the newly formed precipitate was filtered ainalfy washed
with cold ethanol (2x 1 mL) to obtain pure compouzfd’ (12
mg, 0.03 mmol, 57% yield). White powdeR; = 0.3 (hex-
anes/acetone 40 / 60).p. > 260°C; IR vmax (neat): 1734, 1658,
1320, 1223, 1011, 750 ¢n'H NMR (400 MHz, DMSO-g) §
(ppm): 9.85 (bs, 1H), 6.81 (s, 1H), 6.59 (s, 1H4,76(s, 2H), 4.99
(d,J=15.7 Hz, 1H), 4.85 (d] = 15.8 Hz, 1H), 4.85 (s, 1H), 3.70
(d,J=1.3 Hz, 6H), 3.60 (d] = 1.5 Hz, 3H), 2.64 — 2.62 (m, 2H),
2.54 - 2.50 (m, 2H), 1.65-1.62 (m, 4H)C-MS (ESI): R, = 7.9
mins, m/z 408.0 (M+H); HR-MS (ESI): m/z Calcd for
[C2aH,sNOs+H]* 408.1811, Found 408.1795 (- 1.5 ppm). Other
spectral data match with the previous report frisendture ¢4
11-(perfluorophenyl)-4,6,7,8,9,11-hexahydrobenzo[fiiro[3,4-
b]quinolin-1(3H)-one (7fd’). Compound2fd’ was prepared ac-
cordingly to thegeneral procedure B for the sequential one pot
synthesis using 4-chloroanilingl (72 mg, 0.6 mmol, 1.1 equiv.),
5,6,7,8-tetrahydro-2-naphthylaming (75 mg, 0.5 mmol, 1.0
equiv.), pentafluorobenzaldehydl’ (100 mg, 0.5 mmol, 1.0
equiv.) and tetronic aci (56 mg, 0.6 mmol, 1.1 equiv.) in 2-
pentanol (1.7 mL). The crude product was filteredl avashed
with cold ethanol (3 x 2.5 mL) to obtain pure compd 2fd’ (12
mg, 0.03 mmol, 5% vyield). Off-white solid®; = 0.35 (ace-
tone/hexanes; 30/70).p. >260°C; IR vmax (neat): 1724, 1638,
1467, 1021, 987, 946 ¢n'H NMR (400 MHz, DMSO-¢) 5
(ppm): 10.12 (bs, 1H), 6.65 (s, 1H), 6.60 (s, 1643 (s, 1H),
491 (d,J = 15.8 Hz, 1H), 4.87 (d] = 15.8 Hz, 1H), 2.61 - 2.65
(m, 2H), 2.50 — 2.53 (m, 2H), 1.62 — 1.67 (m, 48% NMR (100
MHz, DMSO-d) é (ppm): 171.7, 159.3, 137.0 (2C), 134.1, 132.2
(2C), 130.1 (3C), 118.2, 116.1 (3C), 90.8, 65.3928.5, 28.1,
22.7,22.6L.C-MS (ESI): m'z408.0 (M+H), 430.0 (M+Na).

11-phenyl-4,6,7,8,9,11-hexahydrobenzo[g]furo[3,4-liinolin-
1(3H)-one.Compound2fh’ was prepared accordingly to tgen-
eral procedure B for the sequential one pot synthesis using 4-
chloroaniline 31 (140mg, 1.1 mmol, 1.1 equiv.), 5,6,7,8-
tetrahydro-2-naphthylamingf (147 mg, 1.0 mmol, 1.0 equiv.),
benzaldehydeth’ (106 mg, 1.0 mmol, 1.0 equiv.) and tetronic
acid5 (110 mg, 1.1 mmol, 1.1 equiv.) in 2-pentanol (@3). The
crude product was recrystallized in ethanol (2.5 nthen filtered
and washed with cold ethanol (3x 2.5 mL) to obtaime com-
pound2fh’ (16 mg, 0.05 mmol, 5% vyield). Light brown solig;

= 0.41 (acetone/hexanes; 35/68)p. >260 C; IR vmax (neat):
1754, 1593, 1487, 1429, 1143, 1040, 1028, 699;ciH NMR
(400 MHz, DMSO-g) 3 (ppm): 9.88 (bs, 1H), 7.25 d,= 7.6 Hz,
2H), 7.20 — 7.10 (m, 3H), 6.70 (s, 1H), 6.60 (s,),1#495 (d,J

=16.1 Hz, 1H), 4.90 (s, 1H), 4.85 (@= 16.1 Hz, 1H), 3.38 (s,
2H), 2.63 (s, 2H), 1.65 (s, 4H)C-MS (ESI): m/z318.0 (M+H);

8-0x0-7-(3,4,5-trimethoxyphenyl)-7,8,10,11-
tetrahydrobenzo[h]furo[3,4-b]quinoline-5-carbonitrile (2ga’).
Compound2ga’ was prepared accordingly to tgeneral proce-
dure B for the sequential one pot synthesis using 4-chloroaniline
3l (140mg, 1.1 mmol, 1.1 equiv.), 3,4,5-trimethoxybadehyde
4a’ (196 mg, 1.0 mmol, 1.0 equiv.), 4-amino-1-naphttide 3g
(168 mg, 1.0 mmol, 1.0 equiv.) and tetronic &gi(l10 mg, 1.1
mmol, 1.1 equiv.) in 2-pentanol (3.3 mL). The crymeduct was
recrystallized in ethanol (2.5 mL), then filtereddawashed with
cold ethanol (3x 2.5 mL) to obtain pure compo@yd’ (17 mg,
0.04 mmol, 4% yield). Pale yellow solid®; = 0.29 (ace-
tone/hexanes; 40/60Mm.p. >260°C; IR vmax (neat): 3367, 1741,
1676, 1595, 1456, 1331, 1118, 1029, 998, 749;ctH NMR
(400 MHz, DMSO-¢) & (ppm): 10.68 (bs, 1H), 8.40 — 8.35 (m,
1H), 8.14 — 8.01 (m, 3H), 7.95 (s, 1H), 7.81 (dd&; 6.3, 3.3 Hz,
2H), 5.69 (s, 1H), 5.18 (d,= 16.2 Hz, 1H), 5.13 (dl = 16.2 Hz,
1H), 3.83 (s, 3H), 3.80 (s, 3H), 3.71 (s, 3HE-MS (ESI): m/z
451.0 (M+Na).

7-(benzo[d][1,3]dioxol-5-yl)-8-0x0-7,8,10,11-
tetrahydrobenzo[h]furo[3,4-b]quinoline-5-carbonitrile (2gc’).
Compound2gc’ was prepared accordingly to theneral proce-
dure B for the sequential one pot synthesis using 4-chloroaniline

3l (140mg, 1.1 mmol, 1.1 equiv.), 1,3-benzodioxole-5-
carbaldehyded4c’ (150 mg, 1.0 mmol, 1.0 equiv.), 4-amino-1-
naphthonitrile3g (168 mg, 1.0 mmol, 1.0 equiv.) and tetronic acid
5 (110 mg, 1.1 mmol, 1.1 equiv.) in 2-pentanol (&B). The
crude product was recrystallized in ethanol (2.5,nthen filtered
and washed with cold ethanol (3x 2.5 mL) to obtaime com-
pound2gc’ (50 mg, 0.13 mmol, 10% yield). Light brown solid;
m.p. >260 'C; IR vmax (neat): 2256, 1714, 1611, 1383, 1329,
1027, 920, crf; 'H NMR (400 MHz, DMSO-g) & (ppm): 10.68
(bs, 1H), 8.37 (dd) = 6.4, 3.2 Hz, 1H), 8.03 (dd,= 6.7, 3.1 Hz,
1H), 7.88 (s, 1H), 7.81 (dd, = 4.5, 1.8 Hz, 2H), 6.88 (s, 1H),
6.82 (d,J = 8.0 Hz, 1H), 6.76 (dd] = 8.0, 1.8 Hz, 1H), 5.95 (d,

= 6.2 Hz, 2H), 5.16 (s, 1H), 5.14 @@= 15.5 Hz, 1H), 5.01 (d =
15.5 Hz, 1H)LC-MS (ESI; negative mode) m/z381.0 (M-H).

8-o0xo-7-(perfluorophenyl)-7,8,10,11-
tetrahydrobenzo[h]furo[3,4-b]quinoline-5-carbonitrile (2gd’).
Compound2gd’ was prepared accordingly to thgeneral proce-
dure B for the sequential one pot synthesis using 4-chloroaniline
3 (72 mg, 06 mmol, 1.1 equiv.), 4-amino-1-
naphthalenecarbonitril8g (86 mg, 0.5 mmol, 1.0 equiv.), pen-
tafluorobenzaldehydéd’ (100 mg, 0.5 mmol, 1.0 equiv.) and
tetronic acid5 (56 mg, 0.6 mmol, 1.1 equiv.) in 2-pentanol (1.7
mL). The crude product was filtered and washed witld ethanol

(3 x 2.5 mL) to obtain pure compou2dgd’ (14 mg, 0.03 mmol,
6% yield). White solidR; = 0.30 (acetone/hexanes; 30/7@)p.
>260°C; IR vmax (neat): 1592, 1444, 1364, 1205, 983, 764, 703,
685 cm'; 'H NMR (400 MHz, DMSO-g) & (ppm): 10.90 (bs,
1H), 8.37 (d,J = 7.2 Hz, 1H), 8.02 (dJ = 7.6 Hz, 1H), 7.91 —
7.77 (m, 2H), 7.76 (s, 1H), 5.71 (s, 1H), 5.14),15.5 Hz, 1H),
4.87 (d,J = 15.5 Hz, 1H);*C NMR (100 MHz, DMSO-g) &
(ppm):171.1, 158.9, 137.0 (2C), 135.3, 131.8, 1392®), 128.0
(2C), 124.9, 122.2 (2C), 121.9 (2C), 117.6, 113@3.1 (2C),
94.8, 66.2, 29.8.C-MS (ESI): mMz429.1 (M+H).

7-(3,4,5-trimethoxyphenyl)-7,11-dihydrobenzo[h]fur¢3,4-
b]quinolin-8(10H)-one (2ha’). Compound2ha’ was prepared
accordingly to theyeneral procedure B for the one pot sequential
synthesis using 4-chloroanilin@®l (128 mg, 1.1 mmol, 1.1 equiv.),
4-amino-1-naphthalenecarbonitrigh (143 mg, 1.0 mmol, 1.0
equiv.), 3,4,5-trimethoxybenzaldehyd&’ (196 mg, 1.0 mmol,
1.0 equiv.) and tetronic ackl (100 mg, 1.1 mmol, 1.1 equiv.), in



2-pentanol (3.30 mL). The crude product was reafljzed in
ethanol (2.5 mL), then filtered and washed withdcethanol (3x
2.5 mL) to obtain pure compour2tha’ (110 mg, 0.27 mmol, 27%
yield). White powder]R vmax (neat): 1721, 1657, 1535, 1125,
1021, 996, 763 cth Ry = 0.21 (hexanes/ethyl acetate 40 / 6Bl);
NMR (400 MHz, DMSO)5 (ppm): 10.23 (bs, 1H), 8.21 (d,=
8.6 Hz, 1H), 7.86 (dJ = 8.2 Hz, 1H), 7.66 — 7.52 (m, 2H), 7.50
(d,J=8.4 Hz, 1H), 7.27 (d] = 8.4 Hz, 1H), 6.55 (s, 2H), 5.14 (s,
1H), 5.12 (dJ = 16.0 Hz, 1H), 4.99 (dl = 16.0 Hz, 1H), 3.68 (s,
6H), 3.59 (s, 3H).LC-MS (ESI): R, = 7.7 mins,m/z 404.0
(M+H). HR-MS (ESI): m/z Calcd for [G4H»NOs+H] "™ 404.1498,
Found 404.1495 (- 0.5 ppm). Other spectral dataimaith the
previous report from literaturé®

7-(perfluorophenyl)-7,11-dihydrobenzo[h]furo[3,4-blquinolin-
8(10H)-one (2hd’).Compound2hd’ was prepared accordingly to
thegeneral procedure B for the sequential one pot synthesis using
4-chloroaniline 3l (72 mg, 0.6 mmol, 1.1 equiv.), 4-amino-1-
naphthalenecarbonitril8h (73 mg, 0.5 mmol, 1.0 equiv.), pen-
tafluorobenzaldehydetd’ (100 mg, 0.5 mmol, 1.0 equiv.) and
tetronic acid5 (56 mg, 0.6 mmol, 1.1 equiv.) in 2-pentanol (1.7
mL). The crude product was filtered and washed wathl ethanol
(3 x 2.5 mL) to obtain pure compoutid’ (21 mg, 0.05 mmol,
10% vyield). Light brown solid;R; = 0.28 (acetone/hexanes;
30/70); m.p. >260 'C; IR vmax (neat): 1729, 1644, 1499, 1107,
992, 951, 757 cih 'H NMR (400 MHz, DMSO-g) & (ppm):
10.47 (bs, 1H), 8.21 (d,= 8.6 Hz, 1H), 7.88 (d] = 8.2 Hz, 1H),
7.64 (t,J=7.6 Hz, 1H), 7.57 (d] = 7.4 Hz, 1H), 7.53 (d] = 8.4
Hz, 1H), 7.08 (d,J = 8.4 Hz, 1H), 5.75 (s, 1H), 5.06 @@= 15.5
Hz, 1H), 5.01 (dJ = 15.5 Hz, 1H)*C NMR (100 MHz, DMSO-
ds) & (ppm): 171.6, 160.0, 133.0 (2C), 131.9, 128.4(3127.4,
126.7,126.6 (2C), 123.5, 122.4 (2C), 120.9 (2C)5.4192.6,
65.9, 30.1L.C-MS (ESI): m/z426.0 (M+Na).

10-(3,4,5-trimethoxyphenyl)-3,6,7,8-tetrahydro-1H-
cyclopenta[g]furo[3,4-b]quinolin-1-one (7ja’). Compound7ja’
was prepared accordingly to tigeneral procedure B for the se-
guential one pot synthesis using 4-chloroaniline8l (140 mg, 1.1
mmol, 1.1 equiv.), 5-aminoindan® (133 mg, 1.0mmol, 1.0
equiv.), 3,4,5-trimethoxybenzaldehyd&’ (196 mg, 1.0 mmol,
1.0 equiv.) and tetronic actl (110 mg, 1.1 mmol, 1.1 equiv.) in
2-pentanol (1.7 mL). The crude product was rechyzsta in eth-
anol (2.5 mL), then filtered and washed with caldagol (3x 2.5
mL) to obtain pure compoungja’ (47.1 mg, 0.1 mmol, 12%
yield). White solid;R; = 0.3 (ethyl acetate/hexanes; 1:i);p.
>260 'C; IR vmax (neat): 2960, 1764, 1579, 1440, 1455, 1248,
1119, 1027, 1006, 718, 690 ¢ntH NMR (400 MHz, DMSO-g)

8 (ppm): 7.98 (s, 1H), 7.68 (s, 1H), 6.77 (s, 2H365(s, 2H), 3.80
(s, 3H), 3.77 (s, 6H), 3.12 d,= 7.3 Hz, 2H), 3.02 (J = 7.3 Hz,
2H), 2.10 (pJ = 7.4 Hz, 2H)LC-MS (ESI): m/z392.0 (M+H).

10-(3,4,5-trimethoxyphenyl)-3,4,6,7,8,10-hexahydrbH-
cyclopenta[g]furo[3,4-b]quinolin-1-one (2ja’). To a suspension
of compoundrja’ (25 mg, 0.1 mmol, 1.0 equiv.) in glacial acetic
acid (0.7 mL, 15.0 equiv.) was added with sodiuranoborohy-
dride (11 mg, 0.2 mmol, 3.0 equiv.) in one portaroom tem-
perature and the reaction mixture was stirred fdmodirs. The
reaction mixture was poured into an ice cold wé2emL) and the
newly formed precipitate was filtered and finallyasthed with
cold ethanol (2x 1 mL) to obtain pure compowja (9 mg, 0.02
mmol, 36% yield). White powdeR; = 0.3 (hexanes/acetone 40 /
60); m.p. >260 °‘C; IR vmax (neat): 1742, 1657, 1479, 1324,
1223, 1140, 1011, 748, 676 ¢iH NMR (400 MHz, DMSO-¢)

8 (ppm): 9.87 (s, 1H), 6.97 (s, 1H), 6.78 (s, 1H39%5(s, 2H), 5.00
(d,J=15.9 Hz, 1H), 4.90 (s, 1H), 4.86 = 15.9 Hz, 1H), 3.70
(s, 6H), 3.60 (s, 3H), 2.77 @,= 6.8 Hz, 2H), 2.70 — 2.68 (m, 2H),
2.04 — 1.86 (m, 2H)**C NMR (100 MHz, DMSO-g) & (ppm):
172.2,158.7, 152.8 (2C), 143.2, 143.1 138.6, 1363@.3, 125.9,

122.3, 111.9, 104.9 (2C), 94.7, 65.0, 59.9, 55@),(39.9, 32.0,
31.7, 25.21 C-MS (ESI): m/z394.0 (M+1), 416.0 (M+Na)dR-
MS (ESI): m/z Calcd for [GsH,sNOs+H]* 394.1654, Found
394.1685 (+ 7.9 ppm).

10-(benzo[d][1,3]dioxol-5-yl)-3,4,6,7,8,10-hexahydr1H-
cyclopenta[g]furo[3,4-b]quinolin-1-one (2jc’). Compound2jc’
was prepared accordingly to tgeneral procedure B for the se-
guential one pot synthesis using 4-chloroaniline3l (140mg, 1.1
mmol, 1.1 equiv.), 1,3-benzodioxole-5-carbaldehde(150 mg,
1.0 mmol, 1.0 equiv.), 5-aminoind&j (133 mg, 1.0 mmol, 1.0
equiv.) and tetronic aci8 (110 mg, 1.1 mmol, 1.1 equiv.) in 2-
pentanol (3.3 mL). The crude product was thenréifeand rinsed
with ethanol (3 x 2.5 mL) to obtain pure compowjd (93 mg,
0.3 mmol, 27% yield). Pale yellow solid®; = 0.21 (ace-
tone/hexanes; 35/65).p. >260 C; IR vmax (neat): 3259, 3177,
3120, 1712, 1635, 1621, 1541, 1484, 1228, 1199410315 cm
L 1H NMR (400 MHz, DMSO-¢) & (ppm): 9.89 (bs, 1H), 6.88 (s,
1H), 6.76 (s, 1H), 6.75 (d, = 29.2 Hz, 2H), 6.65 (d] = 8.9 Hz,
1H), 5.93 (dJ = 2.9 Hz, 2H), 4.90 (d] = 15.6 Hz, 1H), 4.87 (s,
1H), 4.84 (dJ = 15.6 Hz, 1H), 2.76 (s, 2H), 2.68 @= 7.2 Hz,
2H), 2.05 — 1.76 (m, 2H)**C NMR (100 MHz, DMSO-g) &
(ppm): 172.3, 158.6, 147.3, 145.6, 143.3, 141.8.8,3134.4,
126.0, 122.6, 120.5, 112.0, 108.2 (2C), 108.0,9,094.9, 65.1,
32.1, 31.7, 25.3;C-MS (ESI): R, = 8.9 minsy/z 348.0 (M+H),
370.0 (M+Na);HR-MS (ESI): m/z Calcd for [GiH1/NO4+H]*
348.1236, Found 348.1244 (+ 2.3 ppm).

10-(perfluorophenyl)-3,4,6,7,8,10-hexahydro-1H-
cyclopenta[g]furo[3,4-b]quinolin-1-one (2jd’). Compound2jd’
was prepared accordingly to tgeneral procedure B for the se-
quential one pot synthesis using 4-chloroanilinegdl (72 mg, 0.6
mmol, 1.1 equiv.), 5-aminoindaBj (68 mg, 0.5 mmol, 1.0
equiv.), Pentafluorobenzaldehyde’ (100 mg, 0.5 mmol, 1.0
equiv.) and tetronic aci@ (56 mg, 0.6 mmol, 1.1 equiv.) in 2-
pentanol (1.7 mL). The crude product was filteredl avashed
with cold ethanol (3 x 2.5 mL) to obtain pure compd2jd’ (23
mg, 0.02 mmol, 12% yield). Off-White solid®; = 0.34 (ace-
tone/hexanes; 30/70Mm.p. >260°C; IR vmax (neat): 1728, 1642,
1499, 1328, 1190, 1107, 991, 951, 776, 756,ctH NMR (400
MHz, DMSO-d) 8 (ppm): 10.15 (bs, 1H), 6.82 (s, 1H), 6.79 (s,
1H), 5.50 (s, 1H), 4.89 (d,= 15.6 Hz, 1H), 4.84 (d] = 15.6 Hz,
1H), 2.80 - 2.70 (m, 2H),2.68 - 2.62 (m, 2H), 2-02.87 (m, 2H);
3C NMR (100 MHz, DMSO-¢) & (ppm): 171.7, 159.4, 144.5
(2C), 139.3 (2C), 135.0, 125.4 (3C), 118.6, 113@2)( 90.8, 65.3,
32.1, 31.6, 29.4, 25.2,C-MS (ESI): m/z394.1 (M+H).

10-phenyl-3,4,6,7,8,10-hexahydro-1H-cyclopenta[g]fa[3,4-
b]quinolin-1-one (2jh’). Compound2jh’ was prepared accord-
ingly to thegeneral procedure B for the sequential one pot syn-
thesis using 4-chloroaniline3l (140 mg, 1.1 mmol, 1.1 equiv.),
benzaldehyddh’ (106 mg, 1.0 mmol, 1.0 equiv.), 5-aminoindan
3j (133 mg, 1.0 mmol, 1.0 equiv.) and tetronic &&id10 mg, 1.1
mmol, 1.1 equiv.) in 2-pentanol (3.3 mL). The crymeduct was
recrystallized in ethanol (2.5 mL), then filtereddawashed with
cold ethanol (3x 2.5 mL) to obtain pure compojia (30 mg,
0.1 mmol, 10% yield). Off-white solid;R¢ 0.31 (ace-
tone/hexanes; 35/65).p. >260°C; IR vmax (neat): 3253, 3176,
3118, 1711, 1635, 1624, 1542, 1019, 70I'chd NMR (400
MHz, DMSO-d) & (ppm): 9.92 (bs, 1H), 7.64 — 7.43 (m, 3H),
7.31 - 7.08 (m, 3H), 6.82 (d,= 35.1 Hz, 1H), 5.49 (s, 1H), 4.96
(d, J = 15.6 Hz, 1H), 4.86 (d] = 15.6 Hz, 1H), 3.14 — 2.96 (m,
2H), 2.78 — 2.63 (m, 2H), 2.20 — 1.88 (m, 2HE-MS (ESI): m/z
304.1 (M+H), 326.1 (M+Na).

11-(3,4,5-trimethoxyphenyl)-8,11-dihydrofuro[3,4-
b][4,7]phenanthrolin-10(7H)-one (2ka’). Compound2ka’ was
prepared accordingly to thgeneral procedure B for the sequen-



tial one pot synthesis using 4-chloroaniline3l (140mg, 1.1 mmol,
1.1 equiv.), 3,4,5-trimethoxybenzaldehyde&’ (196 mg, 1.0
mmol, 1.0 equiv.), 6-aminoquinoling (144 mg, 1.0 mmol, 1.0
equiv.) and tetronic acié (110 mg, 1.1mmol, 1.1 equiv.) in 2-
pentanol (3.3 mL). The crude product was recryig&l in etha-
nol (2.5 mL), then filtered and washed with coltiatol (3x 2.5
mL) to obtain pure compoungka’ (168 mg, 0.4 mmol, 42%
yield). Yellow solid; Ry = 0.19 (acetone/hexanes; 40/6@).p.

>260 'C; IR vmax (neat): 3182, 1721, 1643, 1541, 1322, 1228,

1205, 1113, 999, 819 ¢in'H NMR (400 MHz, DMSO-g) 5
(ppm): 10.46 (bs, 1H), 8.68 (d,= 4.0 Hz, 1H), 8.29 (dJ = 8.5
Hz, 1H), 7.95 (dJ = 9.0 Hz, 1H), 7.53 (d] = 9.0 Hz, 1H), 7.39
(dd,J = 8.6, 4.2 Hz, 1H), 6.49 (s, 2H), 5.67 (s, IHPGB(d,J =
15.8 Hz, 1H), 4.91 (d] = 15.8 Hz, 1H), 3.60 (s, 6H), 3.54 (s, 3H);
3C NMR (100 MHz, DMSO-¢) & (ppm): 172.1, 157.3, 152.8
(2C), 148.0, 145.7, 141.4, 135.9, 135.2, 131.6,.0,3027.2,
121.9, 121.2, 114.8, 105.1 (2C), 97.0, 65.2, 58598 (2C), 36.7;
LC-MS (ESI): m'z405.1 (M+H).

11-(perfluorophenyl)-8,11-dihydrofuro[3,4-
b][4,7]phenanthrolin-10(7H)-one (2kd’). Compound2kd’ was
prepared accordingly to thgeneral procedure B for the sequen-
tial one pot synthesis using 4-chloroanilingl (72 mg, 0.6 mmol,
1.1 equiv.), 4-amino-1-naphthalenecarboniti@ke (74 mg, 0.5
mmol, 1.0 equiv.), pentafluorobenzaldehydd’ (100 mg, 0.5
mmol, 1.0 equiv.) and tetronic achl (56 mg, 0.6 mmol, 1.1
equiv.) in 2-pentanol (1.7 mL). The crude produesMiltered and
washed with cold ethanol (3 x 2.5 mL) to obtaingpaompound
2kd’ (30 mg, 0.03 mmol, 15% yield). Off-White soliR; = 0.25
(acetone/hexanes; 30/7Gj1.p. >260 C; IR vmax (neat): 1746,
1500, 1209, 1021, 1007, 990, 832 %tmH NMR (400 MHz,
DMSO-ds) 6 (ppm): 10.73 (bs, 1H), 8.73 (d= 4.2 Hz, 1H), 7.96
(d,J=9.1, 1H), 7.95 (d) = 9.1, 1H), 7.52 - 7.50 (m, 2H), 6.14 (s,
1H), 5.06 (dJ = 15.8 Hz, 1H), 5.00 (d} = 15.8 Hz, 1H)L.C-MS
(ESI): Mz 405.0 (M+H).

9-(benzo[d][1,3]dioxol-5-yl)-6-(methoxymethoxy)-4,9
dihydrofuro[3,4-b]quinolin-1(3H)-one (2Ic’). To a flame dried
and argon purged 10 mL round-bottom flask, NaH (&@8ight in
mineral oil) (2 mg, 0.05 mmol, 1.5 equiv.) was srsged in DMF
(200 pL, [0.15 M]) at 6C. Compoundbc’ (11 mg, 0.03 mmol,
1.0 equiv.) followed by chloromethylmethyl ether 1§, 0.033
mmol, 1.1 equiv.) were then added a0 The reaction mixture
was stirred under argon for an hour at room tentperaand then
poured into cold water (1 mL), extracted with ethgktate (3 x 3
mL) and the combined organic extracts were drieer ®odium
sulfate. Removal of solvents under reduced presaffioeded the
crude product which was further purified by coluetiromatog-
raphy on silica gel by using an isocratic solveystam (hex-
anes/ethyl acetate; 70:30) to obtain pure compdlod(3 mg,
0.01 mmol, 24% yield). White powderR; = 0.30 (hex-
anes/acetone 40 / 60)1.p. >260°C; IR vmax (neat): 3357, 1728,
1621, 1610, 1485, 1109, 1035, 798 srMH NMR (400 MHz,
DMSO-ds) 8 (ppm): 9.99 (bs, 1H), 6.95 (d,= 8.2 Hz, 1H), 6.78
(d,J=8.0Hz, 1H), 6.72 (s, 1H), 6.65 @ 7.9 Hz, 1H), 6.58 (d,
J = 7.8 Hz, 2H), 5.93 (d) = 3.4 Hz, 2H), 5.20 — 5.04 (m, 2H),
4.96 (d,J = 15.6 Hz, 1H), 4.87 (s, 1H), 4.84 @= 15.6 Hz, 1H),
3.35 (s, 3H)LC-MS (ESI): m/z368.0 (M+H).

5.2. Calculated physicochemical properties.

Partition coefficient values (cLogP), hydrogen-b@uteptor and
donors sites at physiological pH (HBA and HBD) ahd topo-
logical polar surface area (TPSA irf)Awere calculated for all
APT molecules from the library, using the Plexuscdiery soft-
ware from the Plexus Suite 9.0 which is a web-basgtivare
package that integrate the ChemAxon’s structuredbgsoperty

calculations applicatiolf A meaningful selected data set of these
properties is presented in the supporting inforomatiAll the cal-
culated physicochemical values for these compoynHegP <
3.7; 56 B< TPSA <79 & HBA+HBD<7) were in acceptable
range according to the literattf®® Although the calculated
physicochemical values could not be directly caed to the
biological activity and IG, values (against leukemia), a trend can
be observed. For example, in the series of compoRbd, 2Ic’,
2dc’, 2cc’, 2hc’ and 2fc’, the lipophilicity increased drastically
(cLogP =2.0, 2.2, 3.0, 3.1, 3.3 and 3.35) whicdo aorrespond to
an increase in cell permeation and in biologicalvag (corre-
sponding |G, values of 883, 545, 37, 17, 11 and 50 nM). The
increase in lipophilicity resulting from the etrependages at C7
(e.g. 2bc’ vs 2Ic’ and2cc’) may well favor a better cell permea-
tion without affecting the binding properties ofethsmall-
molecules. The substitution change from a free-phah C7 to
various ethers and thioethers resulted in a lamggravement of
cytotoxicity which could be related to the natufetiee substitu-
ents (increased binding abilities for -OGHInd SCH) and pos-
sibly to a diminished oxidative metabolism of detsion. There-
fore we could conclude that lead compounds sucBcas and
2cc’ may present an interesting balance between avedjahigh
lipophilicity to facilitate cell permeation (cLogP 3.0) while
presenting a relatively large TPSA (TPSA ~ 7) #h maintain an
important binding affinity to the cellular target.

2be Y =2063.1159 nM+ (-637.3135 nM)*x
(R*=0.89852)

[ ]
800+

THP cell lines
50

1.8 24 3.0
cLogP

Plot of 1G results as function of clogP values for a serfe&TP
molecules2bc’, 2Ic’, 2dc’, 2cc’, 2hc’ and2jc’.

Based on these physicochemical properties, the ABlecules
synthesized in this study demonstrated high satypd favorable
cell permeability and an important level of biologi validation,
therefore these small-molecules should have theopgpipte struc-
tural and electronic features (high TPSA and couwft
HBA+HBD) to induce a high binding affinity to theidbogical

target. The degree of interaction or affinity of tAPT molecules
and the biological target, leading to a potentvégtion leukemia
THP-1 cells, can be related mostly to the steretelric pattern
of substitution on the B-ring.

5.3. Biological evaluation.

CellTiter-Glo® cell viability assays. Test compounds were solu-
bilized in 100% DMSO and added to polypropylene 384l
plates (Greiner cat# 781280). 1,250 of THP-1, PSNrHEK293
cells were plated in 384-well plates in 8 ul ofseffree media
(RPMI-1640 for THP-1 and PSN-1, EMEM for HEK293)est
compounds and (pharmacological assay control) were prepared
as 10-point, 1:3 serial dilutions starting at 10 ntken added to
the cells using the pin tool mounted on Biomek™NRlates were



incubated for 72 h at 37°C, 5% g@nd 95% RH. After incuba-
tion, 8 pL of CellTiter-Glo® (Promega cat#: G75%®re added
to each well, and incubated for 15 min at room terafre. Lu-
minescence was recorded using a Biotek Synergy Hiimode

microplate reader. Viability was expressed as aepgage rela-
tive to wells containing media only (0%) and wetisntaining

cells treated with 1% DMSO only (100%). Three paaters were
calculated on a per-plate basis: (a) the signdlaickground ratio
(S/B); (b) the coefficient for variation [CV; CV (standard devia-
tion/mean) x 100)] for all compound test wells; &) the Z'-

factor. 2® The 1G, value of the pharmacological contrdl, (LC

Laboratories # E-4488) was also calculated to tamicethe assay
robustness. Each dose response curve was examanimedurve
type was determined according to Inglese et&lIn cases where
a complete response was observed (viability < 208 asymp-

totes present) the kgvalue derived from GraphPad software was

used. In cases of partial response (viability 2@500th asymp-
totes present) the lowest concentration that indtc80% viabil-
ity loss was assigned as E@alue?’ In cases where the highest
efficacy observed was > 50% viability, J{ralue was assigned as
“> highest concentration testedd., > 100 uM).

Trypan Blue cell viability assays.10,000 of THP-1 or HEK293
cells were plated in 96-well plates in 100 ul afuse-free media
(RPMI-1640 for THP-1 and EMEM for HEK293). 10 uM of
Etoposide 1) and compoun@ha’ were added to the correspond-
ing wells of 96-well plates. Plates were incubafed 72 h at

37°C, 5% CQ and 95% RH. After incubation, cells were harvest-

ed using standard tissue culture techniques, Tryplae was
added and cell counts and viability were analyzeidgiCellome-
ter Auto T4 (Nexcelom Bioscience, Lawrence, MA) acling to
the manufacturer’s instructions.
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HIGHLIGHTS

 The modified Husson-3CR reported herein (multicomponent reaction) using a sacrificial aniline enabled
the rapid construction of a library of podophyllotoxin aza-analogues.

» 7 Compounds (2ca’, 2cc’, 2da’, 2fa’, 2ha’, 2ja’ and 2jc’) have been identified to have potent (low nano-
molar activity) and selective activity against leukemia while preserving a minimal toxicity against no-
malignant cells.

e From this study, 2 novel lead small-molecules 2ca’and 2jc’ were identified to be more potent than the
reference drug etoposide (25-60 fold) against leukemia.

e Our preliminary structure activity relationship studies demonstrated the importance of several pharmaco-
phore features on the azapodophyllotoxin B- and E-rings to enhance antitumoral activity.
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Scheme 2. Synthesis **°

and biological evaluation ¢ of a library of novel 4-aza-podophyllotoxins (APTs) 2xy’
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B: 4% yield® B: 27% yield B: 12% yield B: 10% yield
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2 Only novel analogues are presented above.'

Conditions. Method A: typical Husson-3CR with an equimolar ratio of

tetronic acid 5, aniline 3a-k and benzaldehyde 4a’-h’ under Ar was stirred at 120 °C in 2-pentanol (1 mL) for 1 hour; Method
B using the sacrificial aniline 3I: aniline 31 (1.0 equiv.) and benzaldehyde 4a’-h’ (1.0 equiv.) was stirred under Ar at 120 °C in
2-pentanol (1 mL) for 2 hours, followed by addition of tetronic acid 5 (1.0 equiv.) for 10 mins and finally aniline 3a-k (1.0
equiv.), the resulting mixture was refluxed for an additional 30 mins. ° Yields refer to pure products 2xy’ isolated after
recrystallization of crude material in ethanol. © Compound 2ja’ was isolated as over-oxidized quinolines and reduced in a
second step; overall yield for both steps is reported above. ¢ The reported 1Cs, or ECs, values are against the human THP-1
leukemia cell line.



Table 1. Comparison of the Husson-3CR and modified-3CR

Method B
sacrificial
aniline
3l +4y'
R
Yield (%) Yield (%)
Compound _— Compound ——mmmMmmMmm ™
Method A Method B Method A Method B

2bc’ 7 21 2fc’ 15 25
2ca’ 5 14 2fd’ NR 5
2cc’ NR 3 2fh’ NR
2ch’ NR 4 2ga’ NR
2dc’ 18 49 2gc’ NR 10
2dh’ 12 39 2gd’ NR 6

Figure 1. Anti-leukemic activity: Comparison of CellTiter Glo® and Trypan Blue viability assay using etoposide (1) and 2ha’.?
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4 Panel A: HEK293 in Trypan Blue assay; Panel B: THP-1 in Trypan Blue assay; Panel C: HEK293 in CellTiter Glo® assay;
Panel D: THP-1 in CellTiter Glo® assay.



Table 2. SAR study ¢

E-ring | decreasing ring electronic density >
MeO
OMe 8
MeO Fs
2aa’ 2ac’ 2ah’ 2ad'

ICsp=13nMe  [Cs0=49NM? ICs5=103nM?  ICs = 269 nM?
ECso =22 nM? ECso =180 "M® EC5y = 191 nM?  ECso = 1 uM®
ECso > 100 uM®  ECs0 > 50 uM® ECg = 133 nM°  ECsg > 100 uM®

2ca’ 2cc’ 2ch’ 2cd’
£ O N ICso=9NnM?  ECsp=17nM? ECs=17nM? ECsg = 202 nM*
> X ¥ | ECo,=24nMP ECe=88nM ECso=40nM® ECsy=549 nM?
F ECsp > 100 uM® ECsg > 50 uM®  ECso > 50 uM®  ECs > 100 uM®
" 2da’ 2dc’ 2dn' 2dd'
S N IC50=19nM?  |Cso=37nM?  ICso=1uM?  ICgs0 =470 nM?
3 7 @; & ECso=66nM? ECgy=57nM? ECg=2uM? ECso = 745 nMP
ECs > 100 uM® ECgq > 100 uM® ECsp > 100 uM®  ECsg > 100 pM®
H 2ba’ 2bc’
HO_7 N ICs0 = 123nM?  ECs = 883 nM?
4 \©§ & ECso = 473 nM?  ECgq > 100 uMP?
ECso > 100 pM®  ECsg > 100 uM°®

\S H 2ea’
é;“;{ ECso > 100 M@

5 ECso > 100 uM?
ECsp > 100 uM°®

H 2ha’ 2hc’ 2hh’ 2hd’
‘ J N'gi ICso=13nM?  |Cgo=11nM?  ICs = 249 NM? ICs = 17 NM?
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The reported 1Cs, or ECs, values are against: 2 the human THP-1 leukemia cell line, ® the pancreas cancer PSN-1 cell line and ©the
non-malignant kidney HEK?293 cell line.

Scheme 3. Modulations of the APTs pharmacophores *

I
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7ja', n =0 (ICs = 316 NM) 2ja’, n = 0 (36% yield, IC5q = 8 nM)
7fa’, n =1 (ICsp = 7.3 uM) 2fa’, n = 1 (57% yield, IC5y = 13 nM)

 The reported 1Csq values are against the human THP-1 leukemia cell line.
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Figure 2. Lead compounds having high potency and selectivity against THP-1 leukemia cells.*”
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Figure 3. Best potencies against THP-1 leukemia cells for the APTs 2ca’, 2da’, 2fa’ and 2ha’
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[. L. GENERAL INFORMATION

A. Instrumentation and Methods
Reactions were performed in flame-dried glassware under a positive pressure of argon. Yields refer to
chromatographically and spectroscopically pure compounds.
Analytical TLC was performed on 0.25 mm glass backed 60A F-254 TLC plates (Silicycle, Inc.). The plates were
visualized by exposure to UV light (254 nm) and developed by a solution of cerium-ammonium-molybdate in

water/sulfuric acid and heat. Flash chromatography was performed using 200-400 mesh silica gels (Silicycle, Inc.).

Infrared spectra were recorded on a Nicolet IS5 FT-IR spectrophotometer. *H NMR spectra were recorded on a
Varian Mercury400 (400 MHz) spectrometer and are reported in ppm using solvent as an internal standard (DMSO-
ds at 2.50 ppm). NMR spectra were performed using standard parameter and data are reported as: (b = broad, s =
singlet, d = doublet, t = triplet, q = quartet, m = multiplet; coupling constant(s) in Hz, integration). *C NMR spectra
were recorded on Varian Mercury400 (100 MHz) spectrometer. Chemical shifts are reported in ppm, with solvent
resonance employed as the internal standard (DMSO-dg at 39.5 ppm). Melting points were determined using
Digimelt digital melting point apparatus. The low resolution mass spectra were performed on Agilent 1200 series
HPLC system/6120 single quadrupole MSD (electrospray ionization; ESI) with dual detector (PDA and ELSD). A
purity of at least 95% was obtained for all the compounds by means of chromatography, crystallization, or
recrystallization. This level of purity was established by LC/MS on a Agilent 1200 series HPLC based on the ELSD
and UV chromatograms (A= 360 nm) using a linear gradient, water + 0.1% formic acid and MeCN + 0.1% formic
acid, at 60:40 (0 min) to 0:100 (20 min) and a flow rate of 0.8 mL/min; Retention times are reported for the lead
compounds (R;). Accurate mass (High resolution HR-MS) was obtained from University of Florida using Agilent
6210 TOF instrument.

B. Reagents and Solvents
All reagents used in the present paper were acquired from Alfa Aesar or Sigma Aldrich. 2-pentanol was purchased
from Sigma Aldrich.



II. Experimental procedures and compound characterization

A. General Procedure A for the one pot synthesis of 4-aza-podophyllotoxins.
A round bottom flask was charged under argon with aniline 3 (1.0 equiv.), aldehyde 4 (1.0 equiv.), and tetronic acid
5 (1.0 equiv.) in 2-pentanol or ethanol [0.3 M]. Reaction was refluxed (at 125 ‘C or 80 ‘C respectively) for 1 hour,
then the solvent was evaporated under vacuum and the crude product purified by recrystallization in ethanol or by
flash chromatography on silica gel.

O, H
N NH, HO. 2-Pentanol [0.3M]
| + | o reflux, 1 hour
Az A _—
1 X
R 3 4 \R2

5 O

B. General Procedure B for the sequential one pot synthesis of 4-aza-podophyllotoxins.
A two neck round bottom flask under argon equipped with a condenser was charged with aldehyde 4 (1.0 equiv.)
and 4-chloroaniline 3b (1.1 equiv.) in 2-pentanol [0.3 M] and stirred at reflux for two hours. The tetronic acid 5 (1.1
equiv.) in 2-pentanol (minimum amount) was then added at reflux. After another 10 mins at reflux, the third
component aniline 3 (1.0 equiv.) was added neat. The reaction mixture was refluxed for an additional 30 mins. All

volatiles were evaporated under vacuum and the crude product purified by recrystallization in ethanol or by flash

O, H L °
NH 2-Pentanol [0.3M]
2 reflux, 2 h 5 O
+ “ | o -
cl NH,
X 2
3b 4 \R2

R’ 3

chromatography on silica gel.

Compounds 2aa’ Sl-1la-f 2ac’ Sl-1b 2ae’ Sl-1c 2af’ Sl-1b-d Zag’ Sl-1d 2ah’ Sl-1a, b, d 2ba’ SI-1f, SI-2 2fa’ Sl-1b, SI-3 2ha’ SI-3 2he’ Sl-1c
2ia’ S S8 g2 SHI0 SH4 9n0 M 2ke? S5 and 2kh’"were previously reported by others. Only biological activity
was reported for Compound 2ja’"® . Compounds 2bc¢’, 2ca’, 2dc’, 2dh’ and 2fc’ were reported by us with *H, °C
NMRs, IR, melting points and HR-MS. 5"

[SI-1] &) Aillerie, A.; Talancé, V. L. d.; Moncomble, A.; Bousquet, T.; Pélinski, L. Org. Lett. 2014, 16, 2982-2985; b) Semenova,
M. N.; Kiselyov, A. S.; Tsyganov, D. V.; Konyushkin, L. D.; Firgang, S. I.; Semenov, R. V.; Malyshev, O. R.; Raihstat, M. M.;
Fuchs, F.; Stielow, A.; Lantow, M.; Philchenkov, A. A.; Zavelevich, M. P.; Zefirov, N. S.; Kuznetsov, S. A.; Semenov, V. V. J.
Med. Chem. 2011, 54, 7138-7149; c) Shi, C.; Wang, J.; Chen, H.; Shi, D. J. Comb. Chem. 2010, 12, 430-434; d) Frackenpohl, J.;
Adelt, 1.; Antonicek, H.; Arnold, C.; Behrmann, P.; Blaha, N.; Béhmer, J.; Gutbrod, O.; Hanke, R.; Hohmann, S.; Houtdreve, M.
v.; Losel, P.; Malsam, O.; Melchers, M.; Neufert, V.; Peschel, E.; Reckmann, U.; Schenke, T.; Thiesen, H.-P.; Velten, R;;
Vogelsang, K.; Weiss, H.-C. Bioorg. Med. Chem. 2009, 17, 4160-4184; e) Giorgi-Renault. S. Ann. Pharm. Fr. 2005, 63, 63-68; )
Tratrat, C.; Giorgi-Renault, S.; Husson, H.-P. Org. Lett. 2002, 4, 3187-3189.

[S1-2]Jeedimalla, N.; Johns, J.; Roche, S. P. Tetrahedron Lett. 2013, 54, 5845-5848.

[SI-3]Magedov, I. V.; Frolova, L.; Manpadi, M.; Bhoga, U. d.; Tang, H.; Evdokimov, N. M.; George, O.; Hadje Georgiou, K;
Renner, S.; Getlik, M. u.; Kinnibrugh, T. L.; Fernandes, M. A.; Van slambrouck, S.; Steelant, W. F. A.; Shuster, C. B.; Rogelj, S.;
van Otterlo, W. A. L.; Kornienko, A. J. Med. Chem. 2011, 54, 4234-4246.

[SI-4]Kozlov, N. G.; Bondarev, S. L.; Kadutskii, A. P.; Basalaeva, L. I.; Pashkovskii, F. S. Russ. J. Org. Chem. 2008, 44, 1031-
1037.

[SI-5]shi, F.; Zhou, D.; Tu, S.; Shao, Q.; Li, C.; Cao, L. J. heterocyc. Chem. 2008, 45, 1065-1070.

[SI-6]Hitotsuyanagi, Y.; Fukuyo, M.; Tsuda, K.; Kobayashi, M.; Ozeki, A.; Itokawa, H.; Takeya, K. Bioorg. Med. Chem. Lett.
2000, 10, 315-317.



Scheme SI-1.Synthesis of a library of 50 compounds: 4-aza-2,3didehydropodophyllotoxins (APT) 2%°
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3Note. Compounds presented in blue have been reported previously and compounds in black have ben synthesized for the first time in our library. ® Conditions.
Method A: typical Husson-3CR with an equimolar ratio of tetronic acid 5, aniline 3a-k and benzaldehyde 4a’-h’under N, was stirred at 120 °C in 2-pentanol (1 mL)
for 1 hour; Method B using the sacrificial aniline 3I: aniline 3I (1.0 equiv.) and benzaldehyde 4a’-h’ (1.0 equiv.) was stirred under N at 120 °C in 2-pentanol (1 mL)
for 2 hours, followed by addition of tetronic acid 5 (1.0 equiv.) for 10 mins and finally aniline 3a-k (1.0 equiv.), the resulting mixture was refluxed for an additional
30 mins. © Yields refer to pure products 2xy’ isolated after recrystallization of crude material in ethanol. ® Compounds 2fa’ and 2ja’ were isolated as over-oxidized
quinolines and reduced in a second step; overall yields for both steps are reported above.



9-(benzo[d][1,3]dioxol-5-yl)-6,9-dihydro-[1,3]dioxolo[4,5-g]furo[3,4-b]quinolin-8(5H)-one  (2ac’). Compound
2ac’ was prepared accordingly to the general procedure A for the one pot synthesis using 1,3-

benzodioxole-5-carbaldehyde 4¢> (150 mg, 1.0 mmol, 1.0 equiv.), 3/4-

l/ I
; Z“I
e

¢
o}
O  (methylenedioxy)aniline 3a (137 mg, 1.0 mmol, 1.0 equiv.) and tetronic acid 5 (100 mg, 1.0

2ac’ mmol, 1.0 equiv.) in 2-pentanol (3.3 mL). The crude product was filtered and washed with

4

C19H13N06 cold ethanol (3x 2.5 mL) to obtain compound 2ac’ in a pure form (171 mg, 0.5 mmol, 49%
351.1gmol™  yield). Light brown solid; R¢ = 0.29 (acetone/hexanes; 35/65); m.p. > 260 "C: IR vmax (neat):
3224, 3095, 1712, 1642, 1562, 1481, 1248, 1235, 1038, 1016, 933, 780 cm™; 'H NMR (400 MHz, DMSO-ds) &
(ppm): 9.87 (bs, 1H), 6.83 — 6.75 (m, 1H), 6.73 (s, 1H), 6.65 (dd, J = 7.7, 1.5 Hz, 1H), 6.59 (s, 1H), 6.51 (s, 1H),
5.97 — 5.87 (m, 4H), 4.97 (d, J = 15.8 Hz, 1H), 4.83 (s, 1H), 4.83 (d, J = 15.8 Hz, 1H); LC-MS (ESI): m/z 374.0
(M+Na);
SMILES: O=C(0OC1)C2=C1NC3=CC(OC04)=C4C=C3C2C5=CC(0OC06)=C6C=C5

9-(perfluorophenyl)-6,9-dihydro-[1,3]dioxolo[4,5-g]furo[3,4-b]quinolin-8(5H)-one (2ad’). Compound 2ad’ was
H prepared accordingly to the general procedure A for the one pot synthesis using

o
pentafluorobenzaldehyde 4d’ (490 mg, 2.5 mmol, 1.0 equiv.), 3,4-(methylenedioxy)aniline 3a

PN F 5 (343 mg, 2.5 mmol, 1.0 equiv.) and tetronic acid 5 (250 mg, 2.5 mmol, 1.0 equiv.) in ethanol
4@; 2aq (10 mL). The crude product was filtered and washed with cold ethanol (3x 2.5 mL) to obtain
compound 2ad’ (99 mg, 0.3 mmol, 10% vyield). White solid; R = 0.30 (acetone/hexanes;
35/65); m.p. >260 'C; IR vmax (neat): 3230, 1727, 1650, 1498, 1481, 1190, 1040, 1020, 990,
942, 835, 761 cm™; 'H NMR (400 MHz, DMSO-dg) & (ppm): 10.12 (bs, 1H), 6.54 (s, 1H),
6.51 (s, 1H), 5.96 (s, 1H), 5.93 (s, 1H), 5.43 (s, 1H), 4.90 (d, J = 16.0 Hz, 1H), 4.85 (d, J = 16.0 Hz, 1H); LC-MS
(ESI): m/z 398.0 (M+H), 420.0 (M+Na);

SMILES: O=C(0OC1)C2=C1NC3=CC(0C04)=C4C=C3C2C5=C(F)C(F)=C(F)C(F)=C5F

C18H8F5NO4
397.0 g.mol"

9-(4-methoxyphenyl)-6,9-dihydro-[1,3]dioxolo[4,5-g]furo[3,4-b]quinolin-8(5H)-one (2af’). Compound 2af* was

H prepared accordingly to the general procedure A for the one pot synthesis using 4-

( HN o methoxybenzaldehyde 4f (340 mg, 2.5 mmol, 1.0 equiv.), 3,4-(methylenedioxy)aniline 3a
\ <\3 (343 mg, 2.5 mmol, 1.0 equiv.) and tetronic acid 5 (250 mg, 2.5 mmol, 1.0 equiv.) in ethanol

@ 2af (10 mL). The crude product was filtered and sonicated in dichloromethane (4 mL) for 15

MeO CioH1sNOs minutes, followed by centrifugation at 5,800 rpm for 10 minutes (x3) to obtain pure compound

337.1gmol"  2af (444 mg, 1.3 mmol, 53% yield). Pale yellow solid; R; = 0.19 (acetone/hexanes; 35/65);
m.p. 136-137 ‘C; IR vmax (neat): 3222, 3157, 3092, 1711, 1641, 1560, 1502, 1478, 1192, 1016, 831 cm™; 'H NMR
(400 MHz, DMSO-ds) & (ppm): 9.84 (bs, 1H), 7.09 (d, J = 8.5 Hz, 2H), 6.81 (d, J = 8.5 Hz, 2H), 6.54 (s, 1H), 6.51
(s, 1H), 5.95 (s, 1H), 5.89 (s, 1H), 4.92 (d, J = 15.5 Hz, 1H), 4.85 (s, 1H), 4.83 (d, J = 15.5 Hz, 1H), 3.69 (s, 3H);
LC-MS (ESI): m/z 338.0 (M+H);
SMILES: O=C(0OC1)C2=C1NC3=CC(0OC04)=C4C=C3C2C5=CC=C(0C)C=C5



6-hydroxy-9-(4-hydroxy-3-methoxyphenyl)-4,9-dihydrofuro[3,4-b]quinolin-1(3H)-one (2bb’). Compound 2bb’
H was prepared accordingly to the general procedure A for the one pot synthesis using 3-

HO N
\@';l/ll\:\(o hydroxy-4-methoxybenzaldehyde 4b’ (381 mg, 2.5 mmol, 1.0 equiv.) 3-aminophenol 3b (273

\

@ O mg, 2.5 mmol, 1.0 equiv.) and tetronic acid 5 (250 mg, 2.5 mmol, 1.0 equiv.) in ethanol (10
2bb’
oM

mL). The product was filtered off the crude reaction mixture and washed with cold ethanol (3x

e
H%18H15N05 2.5 mL) to obtain pure compound 2bb’ (235 mg, 0.72 mmol, 29% yield). Off-white solid; R =

325.1gmol’ 024 (acetone/hexanes; 45/55); m.p. > 260 'C; IR vmax (neat): 3446, 3377, 3231, 1724, 1646,
1622, 1496, 1152, 1026, 1018, 770 cm™; 'H NMR (400 MHz, DMSO-d) 5 (ppm): 9.84 (bs, 1H), 9.43 (s, 1H), 8.75
(s, 1H), 6.84 (d, J = 8.1 Hz, 1H), 6.79 (d, J = 1.6 Hz, 1H), 6.62 (d, J = 8.1 Hz, 1H), 6.46 (dd, J = 8.1, 1.6 Hz, 1H),
6.33 (dd, J = 8.1, 1.6 Hz, 1H), 6.32 (d, J = 1.6 Hz, 1H), 4.92 (d, J = 15.6 Hz, 1H), 4.82 (d, J = 15.6 Hz, 1H), 4.76 (s,
1H), 3.70 (s, 3H); LC-MS (ESI): m/z 326.1 (M+H);

SMILES: 0=C(OC1)C2=C1NC3=CC(0)=CC=C3C2C4=CC=C(OC)C(0)=C4

6-(difluoromethoxy)-9-(3,4,5-trimethoxyphenyl)-4,9-dihydrofuro[3,4-b]quinolin-1(3H)-one 2c¢a’. Compound
. H 2ca’ was prepared accordingly to the general procedure B for the one pot sequential
Tomr\j:\(o synthesis using 4-chloroaniline 3l (72 mg, 0.56 mmol, 1.1 equiv.), 3-difluoromethoxy
N (\3 aniline 3c (81 mg, 0.51 mmol, 1.0 equiv.), 3,4,5-trimethoxybenzaldehyde 4a’ (100 mg, 0.51

MeO’QMe

mmol, 1.0 equiv.) and tetronic acid 5 (56 mg, 0.56 mmol, 1.1 equiv.), in 2-pentanol (1.7 mL

2ca’ MeO + 0.4 mL). The crude product was purified by column chromatography using isocratic
Cy1H419F2NO . .
MW- 4194 .o solvent system of 20% acetone in hexanes system to obtain pure compound 2ca’ (30 mg,

0.06 mmol, 14% yield). Compound 2ca’ was also prepared accordingly to the general procedure A for the one pot
synthesis using the exact same quantities and was purified by column chromatography using isocratic solvent
system of 20% acetone in hexanes system to obtain pure compound 2ca’ (5 mg, 0.01 mmol, 2% yield). White
powder, R; = 0.22 (Hexanes/acetone 65 / 35); m.p.>260 °C; IR vmax (neat): 3246, 1727, 1644, 1548, 1492, 1174
cm™; 'H NMR (400 MHz, DMSO) & (ppm):10.13 (s, 1H), 7.19 (s, 1H), 7.18 (t, J = 73.9 Hz, 1H), 6.73 (d, J = 8.1
Hz, 1H), 6.69 (s, 1H), 6.50 (s, 2H), 5.18 — 4.78 (m, 3H), 3.70 (s, 6H), 3.60 (s, 3H)."*C NMR (100 MHz, DMSO-ds)
& (ppm): 171.9, 158.5, 152.8 (2C), 150.0, 142.4, 137.3, 136.1, 132.1, 121.3, 116.3 (t, J = 278.6 Hz), 113.2, 106.2,
104.9 (2C), 95.7, 65.1, 59.9, 55.8 (2C), 30.7; LC-MS (ESI): R; = 5.1 mins, m/z 420.0 (M+H); HR-MS (ESI): m/z
Calcd for [C,;H1oF,NOg+H]" 420.1253, Found 420.1250 (- 0.7 ppm).
SMILES:COC1=C(OC)C(OC)=CC(C2C(C(0C3)=0)=C3NC4=C2C=CC(OC(F)F)=C4)=C1.

9-(benzo[d][1,3]dioxol-5-yl)-6-(difluoromethoxy)-4,9-dihydrofuro[3,4-b]quinolin-1(3H)-one (2¢c¢’). Compound

H 2cc’ was prepared accordingly to the general procedure B for the sequential one pot

FTO\@?NRO synthesis using 4-chloroaniline 31 (140mg, 1.1 mmol, 1.1 equiv.), 1,3-benzodioxole-5-

/@f o carbaldehyde 4¢’ (150 mg, 1.0 mmol, 1.0 equiv.), 3-(difluoromethoxy) benzamine 3c (159
2cc

mg, 1.0 mmol, 1.0 equiv.) and tetronic acid 5 (110 mg, 1.1 mmol, 1.1 equiv.) in 2-pentanol

(I;OH ENO (3.3 mL). The oily crude product was taken in methanol (2.5 mL) and the precipitate was
19M113F 2 5
MWw: 373.1 g.mol"! filtered and washed with cold ethanol (3x 2.5 mL) to obtain pure compound 2c¢’ (11 mg,

0.03 mmol, 3% yield). Off-white crystals; Ry = 0.41 (acetone/hexanes; 40/60); m.p. > 260 ‘C; IR vmax (neat): 3322,



1728, 1641, 1611, 1482, 1109, 1040, 1011, 798 cm™; *H NMR (400 MHz, DMSO-dg) & (ppm): 10.15 (bs, 1H), 7.17
(t, J = 74.0 Hz, 1H), 7.09 (d, J = 8.5 Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.75 (d, J = 1.6 Hz, 1H), 6.72 (dd, J = 8.5,
2.4 Hz, 1H), 6.69 — 6.67 (m, 2H), 5.94 (d, 2.0 Hz, 2H), 4.93 (s, 1H), 4.93 (d, 15.4 Hz, 1H), 4.87 (d, 15.4 Hz, 1H);
LC-MS (ESI): R, = 7.3 mins, m/z 374.0 (M+H), 396.0 (M+Na); HR-MS (ESI): m/z Calcd for [C1oH5F,NOs+H]"
374.0840, Found 374.0850 (+ 2.7 ppm).

SMILES: O=C(0OC1)C2=C1NC(C=C(OC(F)F)C=C3)=C3C2C4=CC(0OCO0O5)=C5C=C4

6-(difluoromethoxy)-9-(perfluorophenyl)-4,9-dihydrofuro[3,4-b]quinolin-1(3H)-one (2¢d’). Compound 2cd’
H was prepared accordingly to the general procedure A for the one pot synthesis using 3-
FTO\@&,\:(\O (difluoromethoxy) benzamine 3c (159 mg, 1.0 mmol, 1.0 equiv.), pentafluorobenzaldehyde
Fe A 8 4d’ (196 mg, 1.0 mmol, 1.0 equiv.) and tetronic acid 5 (100 mg, 1.0 mmol, 1.0 equiv.) in 2-
F@: 2cd’ pentanol (3.3 mL). The crude product was filtered and washed with cold ethanol (3x 2.5 mL)

F to obtain compound 2cd’ (56 mg, 0.13 mmol, 13% vyield). White solid; Ry = 0.29
MV\(/:;1ZT98_F()7:_%30|-1 (acetone/hexanes; 30/70); m.p. > 260 °C; IR vmax (neat): 1726, 1644, 1495, 1190, 1170,
1021, 991, 762 cm™;*H NMR (400 MHz, DMSO-ds) & (ppm): 10.38 (bs, 1H), 7.23 (t, J = 73.7 Hz, 1H), 7.06 (d, J =
8.3, 1H), 6.75 (dd, J = 8.3, 1.7 Hz, 1H), 6.71 (d, J = 2.0 Hz, 1H), 5.56 (s, 1H), 4.96 (d, J = 16.1, 1H), 4.90 (d, J =
16.1, 1H); *C NMR (100 MHz, DMSO-dg) & (ppm): 171.4, 159.1, 150.7, 138.1 (2C), 131.9 (3C), 117.7, 116.2 (t, J
= 258.6 Hz), 113.4 (3C), 106.3 (2C), 92.2, 65.4, 28.7; LC-MS (ESI): m/z 420.0 (M+H), 442.0 (M+Na); SMILES:

FC(F)OC1=CC=C(C(C2=C(F)C(F)=C(F)C(F)=C2F)C(C(OC3)=0)=C3N4)C4=C1

6-(difluoromethoxy)-9-phenyl-4,9-dihydrofuro[3,4-b]quinolin-1(3H)-one (2¢h’). Compound 2ch’ was prepared
H accordingly to the general procedure B for the sequential one pot synthesis using 4-

1

F?’O\@..Fj:\(o chloroaniline 31 (140 mg, 1.1 mmol, 1.1 equiv.), benzaldehyde 4h’ (106 mg, 1.0 mmol, 1.0
X <\) equiv.), 3-(difluoromethoxy) benzamine 3¢ (159 mg, 1.0 mmol, 1.0 equiv.) and tetronic acid 5

@ 2ch® (110 mg, 1.1 mmol, 1.1 equiv.) in 2-pentanol (3.3 mL). The oily crude product was taken in

y Vsjg';g:’zggz . methanol (2.5 mL) and the precipitate was filtered and washed with cold ethanol (3x 2.5 mL)

to obtain pure compound 2¢h’ (12 mg, 0.4 mmol, 4% yield). Metallic white crystals; R =0.35

(70/30 acetone/hexanes); m.p. > 260 'C; IR vmax (neat): 3231, 1723, 1636, 1617, 1495, 1118, 1012, 746, 696 cm™;
'H NMR (400 MHz, DMSO-dg) & (ppm): 10.16 (bs, 1H), 7.18 (t, J = 74.0 Hz, 1H), 7.28-7.07 (m, 6H), 6.73-6.69 (m,
2H), 5.01 (s, 1H), 5.00 (d, J = 15.8 Hz, 1H), 4.89 (d, J = 15.8 Hz, 1H); LC-MS (ESI): m/z 368.0 (M+K); SMILES:

FC(F)OC(C=C1)=CC2=C1C(C(C(OC3)=0)=C3N2)C4=CC=CC=C4

6-(methylthio)-9-(3,4,5-trimethoxyphenyl)-4,9-dihydrofuro[3,4-b]quinolin-1(3H)-one (2da’). Compound 2da’
H was prepared accordingly to the general procedure A for the one pot synthesis using 3-
Mes\@j?j:\(o methylthioaniline 3d (138 mg, 1.0 mmol, 1.0 equiv.), 3,4,5-trimethoxybenzaldehyde 4a’ (196
S C\’ mg, 1.0 mmol, 1.0 equiv.) and tetronic acid 5 (100 mg, 1.0 mmol, 1.0 equiv.) in 2-pentanol (3.3
e
OMe

da’  mL). The crude product was recrystallized in ethanol (2.5 mL), then filtered and washed with
MeO
C21HxNO5S
MW: 399.1 g.mol”

cold ethanol (3x 2.5 mL) to obtain pure compound 2da’ (78 mg, 0.2 mmol, 20% yield). White



crystals; R = 0.25 (acetone/hexanes; 35/65); m.p. > 260 ‘C; IR vmax (neat): 3249, 2359, 2341, 1725, 1635, 1483,
1128, 1008, 750 cm*; *H NMR (400 MHz, DMSO-dg) & (ppm): 10.00 (bs, 1H), 7.07 (d, J = 8.1 Hz, 1H), 6.81 (d, J
= 8.1 Hz, 1H), 6.77 (s, 1H), 6.49 (s, 2H), 5.02 (d, J = 15.7 Hz, 1H), 4.91 (s, 1H), 4.87 (d, J = 15.7 Hz, 1H), 3.70 (s,
6H), 3.60 (s, 3H), 2.42 (s, 3H); *C NMR (100 MHz, DMSO-dg) & (ppm) 172.0, 158.7, 152.8 (2C), 142.6, 137.3,
136.5, 136.1, 131.1, 121.1, 120.7, 112.9, 104.9 (2C), 95.4, 65.1, 59.9, 55.9 (2C), 39.3, 14.6; LC-MS (ESI): R;=6.5
mins, m/z 400.0 (M+1), 422.0 (M+Na); HR-MS (ESI): m/z Calcd for [Cy;H2;NOsS+H]™ 400.1219, Found 400.1225
(+ 2.4 ppm).

SMILES: 0=C(0C1)C2=C1NC3=CC(SC)=CC=C3C2C4=CC(OC)=C(OC)C(OC)=C4

6-(methylthio)-9-(perfluorophenyl)-4,9-dihydrofuro[3,4-b]quinolin-1(3H)-one (2dd’). Compound 2dd> was

H prepared accordingly to the general procedure A for the one pot synthesis using 3-
MeS\@@'h\:(O methylthioaniline 3d (138 mg, 1.0 mmol, 1.0 equiv.), pentafluorobenzaldehyde 4d’ (196 mg,
PN . c\> 1.0 mmol, 1.0 equiv.) and tetronic acid 5 (100 mg, 1.0 mmol, 1.0 equiv.) in 2-pentanol (3.3
F@ 2dqar  ML). The crude product was recrystallized in ethanol (2.5 mL), then filtered and washed with

F " cold ethanol (3x 2.5 mL) to obtain pure compound 2dd’ (112 mg, 0.28 mmol, 28% yield). Off-

C1gH10FsNO,S i i .
MW: 399.3 g.mol"  White solid; R = 0.30 (acetone/hexanes; 30/70); m.p. > 260 C; IR vmax (neat): 3213, 1719,

1637, 1518, 1499, 1486, 1211, 1022, 992, 955, 916 cm’™; 'H NMR (400 MHz, DMSO-dq) & (ppm): 10.26 (bs, 1H),
6.92 (d, J = 8.1 Hz, 1H), 6.82 (dd, J = 8.1, 1.7 Hz, 1H), 6.77 (d, J = 1.7 Hz, 1H), 5.51 (s, 1H), 4.96 (d, J = 16.0 Hz,
1H), 4.91 (d, J = 16.0 Hz, 1H), 2.44 (s, 3H); *C NMR (100 MHz, DMSO-dg) & (ppm): 1715, 159.3 (2C), 138.7
(2C), 137.2 (2C), 130.6 (2C), 120.8 (2C), 117.3, 112.8 (2C), 91.7, 65.4, 28.8, 14.4; LC-MS (ESI): m/z 422.0
(M+Na). SMILES: CSC1=CC=C(C(C2=C(F)C(F)=C(F)C(F)=C2F)C(C(OC3)=0)=C3N4)C4=C1

9-(4-fluorophenyl)-6-(methylthio)-4,9-dihydrofuro[3,4-b]quinolin-1(3H)-one  (2de’). Compound 2de’ was
prepared accordingly to the general procedure A for the one pot synthesis using 3-

H methylthioaniline 3d (138 mg, 1.0 mmol, 1.0 equiv.), 4-fluorobenzaldehyde 4e’ (124 mg, 1.0
MeS\@jl"'Ll\:\(O mmol, 1.0 equiv.) and tetronic acid 5 (100 mg, 1.0 mmol, 1.0 equiv.) in 2-pentanol (3.3 mL).
N O The crude product was filtered and washed with cold ethanol (3x 2.5 mL) to obtain pure

@ 2de compound 2de’ (98 mg, 0.3 mmol, 30% yield). White solid; R¢ = 0.29 (acetone/hexanes; 30/70);
C18I:_14FNOZS m.p. > 260 'C; IR vmax (neat): 3240, 1711, 1639, 1606, 1532, 1486, 1211, 1022, 920, 851 cm™;
MW: 327.1 g.mol™! 'H NMR (400 MHz, DMSO-ds) & (ppm): 10.10 (bs, 1H), 7.22 (dd, J = 8.4, 5.6 Hz, 2H), 7.07 (¢,
J = 8.8 Hz, 2H), 6.95 (d, J = 8.0 Hz, 1H), 6.80 (dd, J = 10.1, 1.7 Hz, 2H), 5.00 (s, 1H),4.97 (d, J = 15.8 Hz, 1H),
4.87 (d, J = 15.8 Hz, 1H), 2.42 (s, 3H); *C NMR (100 MHz, DMSO-dg) & (ppm): 172.1, 160.9 (d, J = 240.0 Hz,),
158.6, 143.1 (d, J = 3.0 Hz), , 137.6, 136.7, 131.3, 129.5 (d, J = 8.0 Hz, 2C), 121.1, 120.8, 115.2 (d, J = 21.0 Hz,
2C), 113.0, 95.6, 65.3, 38.3, 14.6; LC-MS (ESI): m/z 328.0 (M+H), 350.0 (M+Na); SMILES:

CSC1=CC=C(C(C2=CC=C(F)C=C2)C(C(OC3)=0)=C3N4)C4=C1



9-(2,3-dimethoxyphenyl)-6-(methylthio)-4,9-dihydrofuro[3,4-b]quinolin-1(3H)-one (2dg’). Compound 2dg’ was
H prepared accordingly to the general procedure A for the one pot synthesis using 3-
HNI 0 methylthioaniline 3d (123 pL, 1.0 mmol, 1.0 equiv.), 2,3-dimethoxybenzaldehyde 4g’ (166

MeO_ 4 f\’ mg, 1.0 mmol, 1.0 equiv.), and tetronic acid 5 (100 mg, 1.0 mmol, 1.0 equiv.) in 2-pentanol
Meo‘@ 240 (3.3 mL). The crude product was purified by recrystallization in ethanol (2.5 mL), then filtered

MeS

MV%;:;T;)_‘::M_1 and washed with cold ethanol (3 x 2.5 mL) to obtain pure compound 2dg’(66 mg, 0.2 mmol,

18% yield). White powder; R; = 0.21 (acetone/hexanes; 30/70); m.p. > 260 'C; IR vmax (neat): 1721, 1636, 1526,
1483, 1351, 1225, 1078, 1011, 740 cm™; 'H NMR (400 MHz, DMSO-dg) & (ppm): 9.98 (bs, 1H), 6.94 (t, J = 7.9
Hz, 1H), 6.87 — 6.81 (m, 2H), 6.75 (dd, J = 8.2, 1.9 Hz, 1H), 6.72 (d, J = 1.9 Hz, 1H), 6.64 (dd, J = 7.7, 1.1 Hz, 1H),
5.25 (s, 1H), 4.96 (d, J = 15.4 Hz, 1H), 4.87 (d, J = 15.4 Hz, 1H), 3.78 (s, 3H), 3.73 (s, 3H), 2.40 (s, 3H); LC-MS
(ESI): m/z: 370.0 (M+H), 392.0 (M+Na);

SMILES: CSC1=CC=C(C(C2=C(0OC)C(OC)=CC=C2)C(C(0OC3)=0)=C3N4)C4=C1

5-(methylthio)-9-(3,4,5-trimethoxyphenyl)-4,9-dihydrofuro[3,4-b]quinolin-1(3H)-one (2ea’). Compound 2ea’
was prepared accordingly to the general procedure A for the one pot synthesis using 3,4,5-trimethoxybenzaldehyde

SMe H 4a’ (491 mg, 2.5 mmol, 1.0 equiv.), 2-methylthioaniline 3e (348 mg, 2.5 mmol, 1.0 equiv.) and
HN, o tetronic acid 5 (250 mg, 2.5 mmol, 1.0 equiv.) in ethanol (10 mL). The crude product was
S (\3 purified by column chromatography on silica gel using an isocratic solvent system of acetone and

MeO,Q 2ea’ dichloromethane (20:80) to obtain pure compound 2ea’ (771 mg, 1.93 mmol, 77% vyield). Red
OMe

MeO solid; R = 0.29 (acetone/hexanes; 45/55); m.p. > 260 'C; IR vmax (neat): 2929, 1734, 16609,
Cy1H71NO5S
3995 gmo 1589, 1455, 1418, 1230, 1121, 1005, 770 cm™; 'H NMR (400 MHz, DMSO-ds) 8 (ppm): 7.09

(d, J=2.1 Hz, 1H), 6.86 (dd, J = 8.3, 2.1 Hz, 1H), 6.60 (d, J = 8.3 Hz, 1H) 6.59 (s, 2H), 4.86 (s, 1H), 4.67 (s, 2H),
3.67 (s, 6H), 3.62 (s, 3H), 2.24 (s, 3H); LC-MS (ESI): m/z 418.1 (M+H,0+H);
SMILES: O=C(0C1)C2=C1NC3=C(SC)C=CC=C3C2C4=CC(0OC)=C(OC)C(OC)=C4

9-(4-hydroxy-3-methoxyphenyl)-5-(methylthio)-4,9-dihydrofuro[3,4-b]quinolin-1(3H)-one (2eb’). Compound

2eb’ was prepared accordingly to the general procedure A for the one pot synthesis using 3-

e N'H hydroxy-4-methoxybenzaldehyde 4b’ (380 mg, 2.5 mmol, 1.0 equiv.), 2-methylthioaniline 3e (348

H I \O mg, 2.5 mmol, 1.0 equiv.) and tetronic acid 5 (250 mg, 2.5 mmol, 1.0 equiv.) in ethanol (10 mL).

@ 2eb(-) The crude product was purified by column chromatography on silica gel using an isocratic solvent

ng OMe system of acetone and dichloromethane (30:70) to obtain pure compound 2eb’ (733 mg, 2.1 mmol,

;;ZT;NH%‘I% 83% yield). Deep red solid; R¢ = 0.26 (acetone/hexanes; 45/55); m.p. > 260 C; IR vmax (neat):

2926, 1609, 1512, 1427, 1268, 1229, 1124, 1031, 779, 687 cm™; *H NMR (400 MHz, DMSO-d) & (ppm): 8.75 (bs,

1H), 7.06 (d, J = 2.0 Hz, 1H), 6.85 — 6.81 (m, 2H), 6.68 — 6.56 (m, 3H), 5.07 (bs, 1H), 4.82 (s, 1H), 4.64 (s, 2H),
3.65 (s, 3H), 2.23 (s, 3H); LC-MS (ESI): m/z 356.2 (M+H);

SMILES: 0=C(OC1)C2=C1NC3=C(SC)C=CC=C3C2C4=CC=C(OC)C(0)=C4



11-(3,4,5-trimethoxyphenyl)-6,7,8,9-tetrahydrobenzo[g]furo[3,4-b]quinolin-1(3H)-one (7fa’). Compound 7fa’
was prepared accordingly to the general procedure B for the sequential one pot synthesis using
4-chloroaniline 31 (140 mg, 1.1 mmol, 1.1 equiv.), 5,6,7,8-tetrahydronaphthalen-2-amine 3f
(147 mg, 1.0 mmol, 1.0 equiv.), 3,4,5-trimethoxybenzaldehyde 4a’ (196 mg, 1.0 mmol, 1.0

OMe equiv.) and tetronic acid 5 (110 mg, 1.1 mmol, 1.1 equiv.) in 2-pentanol (1.7 mL). The crude

MeO

Ca4H23NO5 product was taken in methanol (2.5 mL) and the precipitate was filtered and washed with cold
MW: 4051 g.mol” ethanol (3x 2.5 mL) to obtain pure compound 7fa’ (25 mg, 0.06 mmol, 6% yield). White solid;
R; = 0.38 (ethyl acetate/hexanes; 1:1); m.p. > 260 'C; IR vmax (neat): 2936, 1768, 1599, 1579, 1445, 1412, 1121,
1039, 1029, 706, 687 cm™; "H NMR (400 MHz, DMSO-dg) & (ppm): 7.89 (bs, 1H), 7.60 (s, 1H), 6.77 (s, 2H), 5.46
(s, 2H), 3.79 (s, 3H), 3.77 (s, 6H), 3.03 (t, J = 5.2 Hz, 2H), 2.90 (t, J = 5.3 Hz, 2H), 1.84 — 1.75 (m, 4H); LC-MS
(ESI): m/z 406.0 (M+H);

SMILES: 0=C1C2=C(C3=CC(OC)=C(OC)C(OC)=C3)C4=CC5=C(CCCC5)C=C4N=C2CO1

11-(3,4,5-trimethoxyphenyl)-4,6,7,8,9,11-hexahydrobenzo[g]furo[3,4-b]lquinolin-1(3H)-one  (2fa’). To a
H suspension of compound 7fa’ (21 mg, 0.05 mmol, 1.0 equiv.) in glacial acetic acid (0.6 mL,

1

@@NJ:\(O 15.0 equiv.) was added with sodium cyanoborohydride (10 mg, 0.2 mmol, 3.0 equiv.) in one

3 c\) portion at room temperature and the reaction mixture was stirred for 4 hours. The reaction
MeO/Q
OMe

2fa"  mixture was poured into an ice cold water (2 mL) and the newly formed precipitate was

MeO filtered and finally washed with cold ethanol (2x 1 mL) to obtain pure compound 2fa’ (12 mg,
CosHsNO
MW: :87_23 g_,so|-1 0.03 mmol, 57% yield). White powder; R; = 0.3 (hexanes/acetone 40 / 60); m.p. > 260 °C; IR

vmax (neat): 1734, 1658, 1320, 1223, 1011, 750 cm™; *"H NMR (400 MHz, DMSO-dg) & (ppm): 9.85 (bs, 1H), 6.81
(s, 1H), 6.59 (s, 1H), 6.47 (s, 2H), 4.99 (d, J = 15.7 Hz, 1H), 4.85 (d, J = 15.8 Hz, 1H), 4.85 (s, 1H), 3.70 (d, J = 1.3
Hz, 6H), 3.60 (d, J = 1.5 Hz, 3H), 2.64 — 2.62 (m, 2H), 2.54 - 2.50 (m, 2H), 1.65-1.62 (m, 4H); LC-MS (ESI): R, =
7.9 mins, m/z 408.0 (M+H); HR-MS (ESI): m/z Calcd for [C,,H,5NOs+H]* 408.1811, Found 408.1795 (- 1.5 ppm).
Other spectral data match with the previous report from literature.

SMILES: O=C(0C1)C2=C1NC3=CC(CCCC4)=C4C=C3C2C5=CC(0C)=C(0OC)C(OC)=C5

11-(perfluorophenyl)-4,6,7,8,9,11-hexahydrobenzo[g]furo[3,4-b]quinolin-1(3H)-one (2fd’). Compound 2fd’ was

H prepared accordingly to the general procedure B for the sequential one pot synthesis using 4-
mo chloroaniline 31 (72 mg, 0.6 mmol, 1.1 equiv.), 5,6,7,8-tetrahydro-2-naphthylamine 3f (75 mg,
N . (\) 0.5 mmol, 1.0 equiv.), pentafluorobenzaldehyde 4d’ (100 mg, 0.5 mmol, 1.0 equiv.) and
F_@' 2fd"  tetronic acid 5 (56 mg, 0.6 mmol, 1.1 equiv.) in 2-pentanol (1.7 mL). The crude product was

F " filtered and washed with cold ethanol (3 x 2.5 mL) to obtain pure compound 2fd’ (12 mg,

C21H14FsNO; . . - °
MW: 407.1 gmol!  0.03 mmol, 5% yield). Off-white solid; R¢ = 0.35 (acetone/hexanes; 30/70); m.p. >260 C; IR

vmax (neat): 1724, 1638, 1467, 1021, 987, 946 cm™; *H NMR (400 MHz, DMSO-ds) & (ppm): 10.12 (bs, 1H), 6.65
(s, 1H), 6.60 (s, 1H), 5.43 (s, 1H), 4.91 (d, J = 15.8 Hz, 1H), 4.87 (d, J = 15.8 Hz, 1H), 2.61 - 2.65 (m, 2H), 2.50 —
2.53 (m, 2H), 1.62 — 1.67 (m, 4H); *C NMR (100 MHz, DMSO-ds) & (ppm): 171.7, 159.3, 137.0 (2C), 134.1, 132.2
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(2C), 130.1 (3C), 118.2, 116.1 (3C), 90.8, 65.3, 28.9 28.5, 28.1, 22.7, 22.6; LC-MS (ESI): m/z 408.0 (M+H), 430.0
(M+Na); SMILES: 0=C(OC1)C2=C1NC3=CC(CCCC4)=C4C=C3C2C5=C(F)C(F)=C(F)C(F)=C5F

11-phenyl-4,6,7,8,9,11-hexahydrobenzo[g]furo[3,4-b]quinolin-1(3H)-one (2fh’). Compound 2fh> was prepared
H accordingly to the general procedure B for the sequential one pot synthesis using 4-
mo chloroaniline 31 (140mg, 1.1 mmol, 1.1 equiv.), 5,6,7,8-tetrahydro-2-naphthylamine 3f (147
S (\) mg, 1.0 mmol, 1.0 equiv.), benzaldehyde 4h’> (106 mg, 1.0 mmol, 1.0 equiv.) and tetronic
@ 2fh"  acid 5 (110 mg, 1.1 mmol, 1.1 equiv.) in 2-pentanol (3.3 mL). The crude product was
C21H1gNO, recrystallized in ethanol (2.5 mL), then filtered and washed with cold ethanol (3x 2.5 mL) to
MW: 317.1 gmol™ obtain pure compound 2fh’> (16 mg, 0.05 mmol, 5% yield). Light brown solid; R; = 0.41
(acetone/hexanes; 35/65); m.p. >260 'C; IR vmax (neat): 1754, 1593, 1487, 1429, 1143, 1040, 1028, 699 cm™; 'H
NMR (400 MHz, DMSO-d) & (ppm): 9.88 (bs, 1H), 7.25 (t, J = 7.6 Hz, 2H), 7.20 — 7.10 (m, 3H), 6.70 (s, 1H), 6.60
(s, 1H), 4.95 (d, J =16.1 Hz, 1H), 4.90 (s, 1H), 4.85 (d, J = 16.1 Hz, 1H), 3.38 (s, 2H), 2.63 (s, 2H), 1.65 (s, 4H).
LC-MS (ESI): m/z 318.0 (M+H); SMILES: O=C(OC1)C2=C1NC3=CC(CCCC4)=C4C=C3C2C5=CC=CC=C5

8-o0x0-7-(3,4,5-trimethoxyphenyl)-7,8,10,11-tetrahydrobenzo[h]furo[3,4-b]quinoline-5-carbonitrile (2ga’).
O H Compound 2ga’ was prepared accordingly to the general procedure B for the sequential one
pot synthesis using 4-chloroaniline 3l (140mg, 1.1 mmol, 1.1 -equiv.), 3,4,5-
trimethoxybenzaldehyde 4a’ (196 mg, 1.0 mmol, 1.0 equiv.), 4-amino-1-naphthonitrile 3g

MeO/Q 2ga’ (168 mg, 1.0 mmol, 1.0 equiv.) and tetronic acid 5 (110 mg, 1.1 mmol, 1.1 equiv.) in 2-

MeO pentanol (3.3 mL). The crude product was recrystallized in ethanol (2.5 mL), then filtered and
CasH20N20
MW:2:282.01 S_nfo|-1 washed with cold ethanol (3x 2.5 mL) to obtain pure compound 2ga’ (17 mg, 0.04 mmol, 4%

yield). Pale yellow solid; Ry = 0.29 (acetone/hexanes; 40/60); m.p. >260 'C; IR vmax (neat): 3367, 1741, 1676,
1595, 1456, 1331, 1118, 1029, 998, 749 cm™; *H NMR (400 MHz, DMSO-dg) & (ppm): 10.68 (bs, 1H), 8.40 — 8.35
(m, 1H), 8.14 — 8.01 (m, 3H), 7.95 (s, 1H), 7.81 (dd, J = 6.3, 3.3 Hz, 2H), 5.69 (s, 1H), 5.18 (d, J = 16.2 Hz, 1H),
5.13(d, J = 16.2 Hz, 1H), 3.83 (s, 3H), 3.80 (s, 3H), 3.71 (s, 3H); LC-MS (ESI): m/z 451.0 (M+Na);

SMILES: N#CC1=C2C(C=CC=C2)=C3C(C(C4=CC(OC)=C(OC)C(OC)=C4)C(C(OC5)=0)=C5N3)=C1

7-(benzo[d][1,3]dioxol-5-yl)-8-0x0-7,8,10,11-tetrahydrobenzo[h]furo[3,4-b]quinoline-5-carbonitrile (2gc”).
O H Compound 2gc’ was prepared accordingly to the general procedure B for the sequential one

1

N L s . .
O H I o pot synthesis using 4-chloroaniline 31 (140mg, 1.1 mmol, 1.1 equiv.), 1,3-benzodioxole-5-

o mmol, 1.0 equiv.) and tetronic acid 5 (110 mg, 1.1 mmol, 1.1 equiv.) in 2-pentanol (3.3 mL).

Lg

Ca3H14N0O
MW;233821_41 S.r:ol'1 ethanol (3x 2.5 mL) to obtain pure compound 2ge¢’ (50 mg, 0.13 mmol, 10% yield). Light

brown solid; m.p. >260 'C; IR vmax (neat): 2256, 1714, 1611, 1383, 1329, 1027, 920, cm™; *H NMR (400 MHz,
DMSO-dg) & (ppm): 10.68 (bs, 1H), 8.37 (dd, J = 6.4, 3.2 Hz, 1H), 8.03 (dd, J = 6.7, 3.1 Hz, 1H), 7.88 (s, 1H), 7.81
(dd, J = 4.5, 1.8 Hz, 2H), 6.88 (s, 1H), 6.82 (d, J = 8.0 Hz, 1H), 6.76 (dd, J = 8.0, 1.8 Hz, 1H), 5.95 (d, J = 6.2 Hz,

NZ /@ O carbaldehyde 4¢’ (150 mg, 1.0 mmol, 1.0 equiv.), 4-amino-1-naphthonitrile 3g (168 mg, 1.0
2gc

The crude product was recrystallized in ethanol (2.5 mL), then filtered and washed with cold
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2H), 5.16 (s, 1H), 5.14 (d, J = 15.5 Hz, 1H), 5.01 (d, J = 15.5 Hz, 1H); LC-MS (ESI; negative mode): m/z 381.0
(M-H). SMILES: N#CC1=C2C(C=CC=C2)=C3C(C(C4=CC(OCO5)=C5C=C4)C(C(OC6)=0)=C6N3)=C1

8-oxo-7-(perfluorophenyl)-7,8,10,11-tetrahydrobenzo[h]furo[3,4-b]quinoline-5-carbonitrile (2gd’). Compound
H 2gd’> was prepared accordingly to the general procedure B for the sequential one pot
% HNII o synthesis using 4-chloroaniline 31 (72 mg, 0.6 mmol, 1.1 equiv.), 4-amino-1-
N (\) naphthalenecarbonitrile 3g (86 mg, 0.5 mmol, 1.0 equiv.), pentafluorobenzaldehyde 4d’ (100
F,@'Fzgd- mg, 0.5 mmol, 1.0 equiv.) and tetronic acid 5 (56 mg, 0.6 mmol, 1.1 equiv.) in 2-pentanol (1.7
F mL). The crude product was filtered and washed with cold ethanol (3 x 2.5 mL) to obtain pure
Mv%i;%gﬁér1 compound 2gd’ (14 mg, 0.03 mmol, 6% vyield). White solid; R; = 0.30 (acetone/hexanes;
30/70); m.p. >260 ‘C; IR vmax (neat): 1592, 1444, 1364, 1205, 983, 764, 703, 685 cm™; "H NMR (400 MHz,
DMSO-dg) & (ppm): 10.90 (bs, 1H), 8.37 (d, J = 7.2 Hz, 1H), 8.02 (d, J = 7.6 Hz, 1H), 7.91 — 7.77 (m, 2H), 7.76 (s,
1H), 5.71 (s, 1H), 5.14 (d, J = 15.5 Hz, 1H), 4.87 (d, J = 15.5 Hz, 1H); *C NMR (100 MHz, DMSO-dq) &
(ppm):171.1, 158.9, 137.0 (2C), 135.3, 131.8, 129.6 (2C), 128.0 (2C), 124.9, 122.2 (2C), 121.9 (2C), 117.6, 115.4,
103.1 (2C), 94.8, 66.2, 29.5; LC-MS (ESI): m/z 429.1 (M+H);

SMILES: 0=C(OC1)C2=C1NC3=C(C=CC=C4)C4=C(C#N)C=C3C2C5=C(F)C(F)=C(F)C(F)=C5F

7-(3,4,5-trimethoxyphenyl)-7,11-dihydrobenzo[h]furo[3,4-b]quinolin-8(10H)-one (2ha’). Compound 2ha’ was
‘ H prepared accordingly to the general procedure B for the one pot sequential synthesis using 4-
o chloroaniline 31 (128 mg, 1.1 mmol, 1.1 equiv.), 4-amino-1-naphthalenecarbonitrile 3h (143 mg,

N o 1.0 mmol, 1.0 equiv.), 3,4,5-trimethoxybenzaldehyde 4a’ (196 mg, 1.0 mmol, 1.0 equiv.) and
MeO/Q
oM

-

2ha" tetronic acid 5 (100 mg, 1.1 mmol, 1.1 equiv.), in 2-pentanol (3.30 mL). The crude product was

MeO ° recrystallized in ethanol (2.5 mL), then filtered and washed with cold ethanol (3x 2.5 mL) to

ch;;?oiz_:;'\;(_);oﬂ obtain pure compound 2ha’ (110 mg, 0.27 mmol, 27% yield). White powder; IR vmax (neat):
1721, 1657, 1535, 1125, 1021, 996, 763 cm™; R; = 0.21 (hexanes/ethyl acetate 40 / 60); '"H NMR (400 MHz,
DMSO-dg) & (ppm): 10.23 (bs, 1H), 8.21 (d, J = 8.6 Hz, 1H), 7.86 (d, J = 8.2 Hz, 1H), 7.66 — 7.52 (m, 2H), 7.50 (d,
J = 8.4 Hz, 1H), 7.27 (d, J = 8.4 Hz, 1H), 6.55 (s, 2H), 5.14 (s, 1H), 5.12 (d, J = 16.0 Hz, 1H), 4.99 (d, J = 16.0 Hz,
1H), 3.68 (s, 6H), 3.59 (s, 3H). LC-MS (ESI): R, = 7.7 mins, m/z 404.0 (M+H); HR-MS (ESI): m/z Calcd for
[C24H2:NOs+H]" 404.1498, Found 404.1495 (- 0.5 ppm). Other spectral data match with the previous report from

literature. 5™ SMILES: 0=C10CC2=C1[C@H](C3=CC(OC)=C(OC)C(OC)=C3)C(C=CC4=C5C=CC=C4)=C5N2
7-(perfluorophenyl)-7,11-dihydrobenzo[h]furo[3,4-b]quinolin-8(10H)-one  (2hd’). Compound 2hd’> was

O H prepared accordingly to the general procedure B for the sequential one pot synthesis using 4-
N
O H [ o chloroaniline 31 (72 mg, 0.6 mmol, 1.1 equiv.), 4-amino-1-naphthalenecarbonitrile 3h (73 mg,

AR A ¢ © 0.5 mmol, 1.0 equiv.), pentafluorobenzaldehyde 4d’(100 mg, 0.5 mmol, 1.0 equiv.) and tetronic

-

F . 2hd”  acid 5 (56 mg, 0.6 mmol, 1.1 equiv.) in 2-pentanol (1.7 mL). The crude product was filtered and
F
Ca1H1oFsNO,
MW: 403.1 g.mol"!

washed with cold ethanol (3 x 2.5 mL) to obtain pure compound 2hd’ (21 mg, 0.05 mmol, 10%
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yield). Light brown solid; R¢ = 0.28 (acetone/hexanes; 30/70); m.p. >260 ‘C; IR vmax (neat): 1729, 1644, 1499,
1107, 992, 951, 757 cm™; *H NMR (400 MHz, DMSO-dg) & (ppm): 10.47 (bs, 1H), 8.21 (d, J = 8.6 Hz, 1H), 7.88
(d, J=8.2 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 7.57 (d, J = 7.4 Hz, 1H), 7.53 (d, J = 8.4 Hz, 1H), 7.08 (d, J = 8.4 Hz,
1H), 5.75 (s, 1H), 5.06 (d, J = 15.5 Hz, 1H), 5.01 (d, J = 15.5 Hz, 1H); *C NMR (100 MHz, DMSO-dg) & (ppm):
171.6, 160.0, 133.0 (2C), 131.9, 128.4(3C), 127.4, 126.7,126.6 (2C), 123.5, 122.4 (2C), 120.9 (2C), 115.4, 92.6,
65.9, 30.1; LC-MS (ESI): m/z 426.0 (M+Na);

SMILES: O=C(0OC1)C2=C1NC3=C(C=CC=C4)C4=CC=C3C2C5=C(F)C(F)=C(F)C(F)=C5F

10-(3,4,5-trimethoxyphenyl)-3,6,7,8-tetrahydro-1H-cyclopenta[g]furo[3,4-b]quinolin-1-one (7ja’). Compound
7ja’> was prepared accordingly to the general procedure B for the sequential one pot synthesis
using 4-chloroaniline 31 (140 mg, 1.1 mmol, 1.1 equiv.), 5-aminoindane 3j (133 mg, 1.0mmol,

1.0 equiv.), 3,4,5-trimethoxybenzaldehyde 4a’ (196 mg, 1.0 mmol, 1.0 equiv.) and tetronic

OMe acid 5 (110 mg, 1.1 mmol, 1.1 equiv.) in 2-pentanol (1.7 mL). The crude product was

MeO

MW(':?Szl—:legorf\ol'1 recrystallized in ethanol (2.5 mL), then filtered and washed with cold ethanol (3x 2.5 mL) to
obtain pure compound 7ja’ (47.1 mg, 0.1 mmol, 12% yield). White solid; R; = 0.3 (ethyl

acetate/hexanes; 1:1); m.p. >260 C; IR vmax (neat): 2960, 1764, 1579, 1440, 1455, 1248, 1119, 1027, 1006, 718,
690 cm™; 'H NMR (400 MHz, DMSO-dg) & (ppm): 7.98 (s, 1H), 7.68 (s, 1H), 6.77 (s, 2H), 5.46 (s, 2H), 3.80 (s,
3H), 3.77 (s, 6H), 3.12 (t, J = 7.3 Hz, 2H), 3.02 (t, J = 7.3 Hz, 2H), 2.10 (p, J = 7.4 Hz, 2H); LC-MS (ESI): m/z

392.0 (M+H): SMILES: 0=C1C2=C(C3=CC(OC)=C(OC)C(OC)=C3)C4=CC5=C(CCC5)C=C4N=C2CO1

10-(3,4,5-trimethoxyphenyl)-3,4,6,7,8,10-hexahydro-1H-cyclopenta[g]furo[3,4-b]quinolin-1-one (2ja’). To a

H suspension of compound 7ja’ (25 mg, 0.1 mmol, 1.0 equiv.) in glacial acetic acid (0.7 mL, 15.0

mo equiv.) was added with sodium cyanoborohydride (11 mg, 0.2 mmol, 3.0 equiv.) in one portion
R \  at room temperature and the reaction mixture was stirred for 4 hours. The reaction mixture was

\ o)
/@ 2ja"  poured into an ice cold water (2 mL) and the newly formed precipitate was filtered and finally
MeO
OMe

MeG washed with cold ethanol (2x 1 mL) to obtain pure compound 2ja’ (9 mg, 0.02 mmol, 36%
C23H23NOs yield). White powder; R = 0.3 (hexanes/acetone 40 / 60); m.p. >260 'C; IR vmax (neat): 1742,
MW: 393.1 g.mol!

1657, 1479, 1324, 1223, 1140, 1011, 748, 676 cm™;"H NMR (400 MHz, DMSO-dg) & (ppm):
9.87 (s, 1H), 6.97 (s, 1H), 6.78 (s, 1H), 6.49 (s, 2H), 5.00 (d, J = 15.9 Hz, 1H), 4.90 (s, 1H), 4.86 (d, J = 15.9 Hz,
1H), 3.70 (s, 6H), 3.60 (s, 3H), 2.77 (t, J = 6.8 Hz, 2H), 2.70 — 2.68 (m, 2H), 2.04 — 1.86 (m, 2H). **C NMR (100
MHz, DMSO-dg) 6 (ppm): 172.2, 158.7, 152.8 (2C), 143.2, 143.1 138.6, 136.0, 134.3, 125.9, 122.3, 111.9, 104.9
(2C), 94.7, 65.0, 59.9, 55.8 (2C), 39.9, 32.0, 31.7, 25.2; LC-MS (ESI): R; = 7.0 mins, m/z 394.0 (M+1), 416.0
(M+Na); HR-MS (ESI): m/z Calcd for [CyHpsNOs+H]™ 394.1654, Found 394.1685 (+ 7.9 ppm). SMILES:
0O=C(0C1)C2=C1NC3=CC(CCC4)=C4C=C3C2C5=CC(OC)=C(0C)C(OC)=C5
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(R)-10-(benzo[d][1,3]dioxol-5-yl)-3,4,6,7,8,10-hexahydro-1H-cyclopenta[g]furo[3,4-b]quinolin-1-one (2jc).
H Compound 2je’ was prepared accordingly to the general procedure B for the sequential one

’

O@jé\j:\(o pot synthesis using 4-chloroaniline 3l (140mg, 1.1 mmol, 1.1 equiv.), 1,3-benzodioxole-5-
R \

: o carbaldehyde 4¢’ (150 mg, 1.0 mmol, 1.0 equiv.), 5-aminoindan 3j (133 mg, 1.0 mmol, 1.0
/@ 2jc equiv.) and tetronic acid 5 (110 mg, 1.1 mmol, 1.1 equiv.) in 2-pentanol (3.3 mL). The crude
LC?1H17NO4 product was then filtered and rinsed with ethanol (3 x 2.5 mL) to obtain pure compound 2j¢’
MW: 347.1 g.mol"! (93 mg, 0.3 mmol, 27% vyield). Pale yellow solid; R; = 0.21 (acetone/hexanes; 35/65); m.p.
>260 'C; IR vmax (neat): 3259, 3177, 3120, 1712, 1635, 1621, 1541, 1484, 1228, 1199, 1034, 1015 cm™; '"H NMR
(400 MHz, DMSO-ds) 6 (ppm): 9.89 (bs, 1H), 6.88 (s, 1H), 6.76 (s, 1H), 6.75 (d, J = 29.2 Hz, 2H), 6.65 (d, J = 8.9
Hz, 1H), 5.93 (d, J = 2.9 Hz, 2H), 4.90 (d, J = 15.6 Hz, 1H), 4.87 (s, 1H), 4.84 (d, J = 15.6 Hz, 1H), 2.76 (s, 2H),
2.68 (d, J = 7.2 Hz, 2H), 2.05 — 1.76 (m, 2H); *C NMR (100 MHz, DMSO-d) & (ppm): 172.3, 158.6, 147.3, 145.6,
143.3, 141.7, 138.8, 134.4, 126.0, 122.6, 120.5, 112.0, 108.2 (2C), 108.0, 100.9, 94.9, 65.1, 32.1, 31.7, 25.3; LC-
MS (ESI): R; = 8.9 mins, m/z 348.0 (M+H), 370.0 (M+Na); HR-MS (ESI): m/z Calcd for [C,HisNO,+H]"
348.1236, Found 348.1244 (+ 2.3 ppm).
SMILES: O=C(OC1)C2=C1NC(C=C(CCC3)C3=C4)=C4C2C5=CC=C6C(OCOB6)=C5

10-(perfluorophenyl)-3,4,6,7,8,10-hexahydro-1H-cyclopenta[g]furo[3,4-b]quinolin-1-one  (2jd’). Compound

H 2jd’ was prepared accordingly to the general procedure B for the sequential one pot synthesis

N
O@:I;j:\(o using 4-chloroaniline 31 (72 mg, 0.6 mmol, 1.1 equiv.), 5-aminoindan 3j (68 mg, 0.5 mmol,

\
AOA ¢ O 1.0 equiv.), Pentafluorobenzaldehyde 4d> (100 mg, 0.5 mmol, 1.0 equiv.) and tetronic acid 5
F—@’ %
F

(56 mg, 0.6 mmol, 1.1 equiv.) in 2-pentanol (1.7 mL). The crude product was filtered and

F
C20H12FsNO> :
MW: 393.1g.mol”  12% vyield). Off-White solid; R; = 0.34 (acetone/hexanes; 30/70); m.p. >260 C; IR vmax

(neat): 1728, 1642, 1499, 1328, 1190, 1107, 991, 951, 776, 756 cm™; H NMR (400 MHz, DMSO-d¢) & (ppm):
10.15 (bs, 1H), 6.82 (s, 1H), 6.79 (s, 1H), 5.50 (s, 1H), 4.89 (d, J = 15.6 Hz, 1H), 4.84 (d, J = 15.6 Hz, 1H), 2.80 -
2.70 (m, 2H),2.68 - 2.62 (m, 2H), 2.02 — 1.87 (m, 2H); *C NMR (100 MHz, DMSO-ds) 5 (ppm): 171.7, 159.4,
144.5 (2C), 139.3 (2C), 135.0, 125.4 (3C), 118.6, 112.2 (3C), 90.8, 65.3, 32.1, 31.6, 29.4, 25.2; LC-MS (ESI): m/z
394.1 (M+H): SMILES: FC(C(F)=C(F)C(F)=C1F)=C1C2C3=CC4=C(CCC4)C=C3NC5=C2C(OC5)=0

washed with cold ethanol (3 x 2.5 mL) to obtain pure compound 2jd’ (23 mg, 0.02 mmol,

10-phenyl-3,4,6,7,8,10-hexahydro-1H-cyclopenta[g]furo[3,4-b]quinolin-1-one  (2jh’). Compound 2jh> was
H prepared accordingly to the general procedure B for the sequential one pot synthesis using 4-

N
mO chloroaniline 31 (140 mg, 1.1 mmol, 1.1 equiv.), benzaldehyde 4h’ (106 mg, 1.0 mmol, 1.0
S \

O equiv.), 5-aminoindan 3j (133 mg, 1.0 mmol, 1.0 equiv.) and tetronic acid 5 (110 mg, 1.1 mmol,

@ an 1.1 equiv.) in 2-pentanol (3.3 mL). The crude product was recrystallized in ethanol (2.5 mL),
MW?;%"QT:NQC";(JIJ then filtered and washed with cold ethanol (3x 2.5 mL) to obtain pure compound 2jh’ (30 mg,
0.1 mmol, 10% yield). Off-white solid; R; = 0.31 (acetone/hexanes; 35/65); m.p. >260 C; IR

vmax (neat): 3253, 3176, 3118, 1711, 1635, 1624, 1542, 1019, 701 cm™; *H NMR (400 MHz, DMSO-dg) & (ppm):
9.92 (bs, 1H), 7.64 — 7.43 (m, 3H), 7.31 — 7.08 (m, 3H), 6.82 (d, J = 35.1 Hz, 1H), 5.49 (s, 1H), 4.96 (d, J = 15.6 Hz,

14



1H), 4.86 (d, J = 15.6 Hz, 1H), 3.14 — 2.96 (m, 2H), 2.78 — 2.63 (m, 2H), 2.20 — 1.88 (m, 2H); LC-MS (ESI): m/z
304.1 (M+H), 326.1 (M+Na); SMILES: 0=C(OC1)C2=C1NC(C=C(CCC3)C3=C4)=C4C2C5=CC=CC=C5

11-(3,4,5-trimethoxyphenyl)-8,11-dihydrofuro[3,4-b][4,7]phenanthrolin-10(7H)-one (2ka’). Compound 2ka’

H was prepared accordingly to the general procedure B for the sequential one pot synthesis using

!

N
WO 4-chloroaniline 31 (140mg, 1.1 mmol, 1.1 equiv.), 3,4,5-trimethoxybenzaldehyde 4a’ (196 mg,
S \
= A O 1.0 mmol, 1.0 equiv.), 6-aminoquinoline 3k (144 mg, 1.0 mmol, 1.0 equiv.) and tetronic acid 5
Meo/Q 2ka’ (110 mg, 1.1mmol, 1.1 equiv.) in 2-pentanol (3.3 mL). The crude product was recrystallized in
OMe
MeO

CosHaoN0
Mw;zjoji‘ ;.nfow compound 2ka’ (168 mg, 0.4 mmol, 42% vyield). Yellow solid; R; = 0.19 (acetone/hexanes;

40/60); m.p. >260 'C; IR vmax (neat): 3182, 1721, 1643, 1541, 1322, 1228, 1205, 1113, 999, 819 cm™; *H NMR
(400 MHz, DMSO-ds) & (ppm): 10.46 (bs, 1H), 8.68 (d, J = 4.0 Hz, 1H), 8.29 (d, J = 8.5 Hz, 1H), 7.95 (d, J = 9.0
Hz, 1H), 7.53 (d, J = 9.0 Hz, 1H), 7.39 (dd, J = 8.6, 4.2 Hz, 1H), 6.49 (s, 2H), 5.67 (s, 1H), 5.00 (d, J = 15.8 Hz,
1H), 4.91 (d, J = 15.8 Hz, 1H), 3.60 (s, 6H), 3.54 (s, 3H); *C NMR (100 MHz, DMSO-dg) & (ppm): 172.1, 157.3,
152.8 (2C), 148.0, 145.7, 141.4, 135.9, 135.2, 131.6, 130.0, 127.2, 121.9, 121.2, 114.8, 105.1 (2C), 97.0, 65.2, 59.9,
55.8 (2C), 36.7; LC-MS (ESI): m/z 405.1 (M+H);

SMILES: 0=C(OC1)C2=C1NC(C=CC3=C4C=CC=N3)=C4C2C5=CC(OC)=C(OC)C(OC)=C5

ethanol (2.5 mL), then filtered and washed with cold ethanol (3x 2.5 mL) to obtain pure

11-(perfluorophenyl)-8,11-dihydrofuro[3,4-b][4,7]phenanthrolin-10(7H)-one (2kd’). Compound 2kd’> was
H prepared accordingly to the general procedure B for the sequential one pot synthesis using 4-
ngNlp, o chloroaniline 31 (72 mg, 0.6 mmol, 1.1 equiv.), 4-amino-1-naphthalenecarbonitrile 3k (74 mg,
N PN . (\3 0.5 mmol, 1.0 equiv.), pentafluorobenzaldehyde 4d’(100 mg, 0.5 mmol, 1.0 equiv.) and tetronic
F‘@‘ 2kd" acid 5 (56 mg, 0.6 mmol, 1.1 equiv.) in 2-pentanol (1.7 mL). The crude product was filtered and
C;HQFSFNzOZ washed with cold ethanol (3 x 2.5 mL) to obtain pure compound 2kd’ (30 rong, 0.03 mmol, 15%
MW: 404.3 g.mol"  yield). Off-White solid; Ry = 0.25 (acetone/hexanes; 30/70); m.p. >260 C; IR vmax (neat):
1746, 1500, 1209, 1021, 1007, 990, 832 cm™; *H NMR (400 MHz, DMSO-d) & (ppm): 10.73 (bs, 1H), 8.73 (d, J =
4.2 Hz, 1H), 7.96 (d, J = 9.1, 1H), 7.95 (d, J = 9.1, 1H), 7.52 - 7.50 (m, 2H), 6.14 (s, 1H), 5.06 (d, J = 15.8 Hz, 1H),
5.00 (d, J = 15.8 Hz, 1H); LC-MS (ESI): m/z 405.0 (M+H);
SMILES: O=C(0OC1)C2=C1NC3=CC=C(N=CC=C4)C4=C3C2C5=C(F)C(F)=C(F)C(F)=C5F

9-(benzo[d][1,3]dioxol-5-yl)-6-(methoxymethoxy)-4,9-dihydrofuro[3,4-b]quinolin-1(3H)-one (2Ic’). To a flame

dried and argon purged 10 mL round-bottommed flask was added NaH (2 mg, 0.05 mmol,

H
MOMO, N
H

\@lpo 1.5 equiv.) in DMF [0.15 M] at 0 'C. Compound 2b¢’ (11 mg, 0.03 mmol, 1.0 equiv.)

\

/@ o followed by chloromethyl methyl ether (3 mg, 0.03 mmol, 1.1 equiv.) were added. The
2lc

reaction mixture was stirred for an hour at room temperature and then poured in to an ice

o)
L . .
CO HNO cold water (1 mL) and extracted in to ethyl acetate (3X3 mL). Removal of solvents in vacuo
207117 6
MW: 367.1 g.mol™ gave crude product. The crude product was purified by column chromatography on silica

gel by using isocratic solvent system (hexanes/ethyl acetate; 70:30) to obtain pure compound 2l¢’ (3 mg, 0.01 mmol,

15



24% yield). White powder; R; = 0.30 (hexanes/acetone 40 / 60); m.p. >260 °C; IR vmax (neat): 3357, 1728, 1621,
1610, 1485, 1109, 1035, 798 cm™; *H NMR (400 MHz, DMSO-dg) & (ppm): 9.99 (bs, 1H), 6.95 (d, J = 8.2 Hz, 1H),
6.78 (d, J = 8.0 Hz, 1H), 6.72 (s, 1H), 6.65 (d, J = 7.9 Hz, 1H), 6.58 (d, J = 7.8 Hz, 2H), 5.93 (d, J = 3.4 Hz, 2H),
5.20 — 5.04 (m, 2H), 4.96 (d, J = 15.6 Hz, 1H), 4.87 (s, 1H), 4.84 (d, J = 15.6 Hz, 1H), 3.35 (s, 3H); LC-MS (ESI):
m/z 368.0 (M+H); SMILES: O=C(OC1)C2=C1NC3=CC(OCOC)=CC=C3C2C4=CC(OCO5)=C5C=C4.
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DAD1 B, Sig=210,4 Ref=360,100 (LAKSHMI-03-03-152015-03-0315-42-01'2FA.D)
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DAD1 C, Sig=210,8 Ref=360,100 (LAKSHMI-03-03-152015-03-0315-42-01\MF-28.D)
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[V. BIOLOGICAL EVALUATION

Scheme Sl-2. Biological evaluation of a library of 4-aza-2,3didehydropodophyllotoxins (APT) 2 P
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#Note. Compounds presented in blue have been synthesized previously and compounds in black are reported for the first time in

our library. ® The reported 1Cs, or ECs, values are against the human THP-1 leukemia cell line
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CellTiter-Glo® cell viability assays. Test compounds were solubilized in 100% DMSO and
added to polypropylene 384 well plates (Greiner cat# 781280). 1,250 of THP-1, PSN-1, or
HEK293 cells were plated in 384-well plates in 8 pl of serum-free media (RPMI-1640 for THP-1
and PSN-1, EMEM for HEK293). Test compounds and etoposide (pharmacological assay
control) were prepared as 10-point, 1:3 serial dilutions starting at 10 mM, then added to the cells
using the pin tool mounted on Biomek NXP. Plates were incubated for 72 h at 37°C, 5% CO,
and 95% RH. After incubation, 8 pL of CellTiter-Glo® (Promega cat#: G7570) were added to
each well, and incubated for 15 min at room temperature. Luminescence was recorded using a
Biotek Synergy H4 multimode microplate reader. Viability was expressed as a percentage
relative to wells containing media only (0%) and wells containing cells treated with 1% DMSO
only (100%). Three parameters were calculated on a per-plate basis: (a) the signal-to-
background ratio (S/B); (b) the coefficient for variation [CV; CV = (standard deviation/mean) x
100)] for all compound test wells; and (c) the Z'-factor. The ICs, value of the pharmacological
control (etoposide, LC Laboratories # E-4488) was also calculated to ascertain the assay
robustness. Each dose response curve was examined and curve type was determined
according to Inglese et al.. In cases where a complete response was observed (viability < 20%,
both asymptotes present) the ICsq value derived from GraphPad software was used. In cases of
partial response (viability 20-50%, both asymptotes present) the lowest concentration that
induced > 50% viability loss was assignhed as ECx, value. In cases where the highest efficacy
observed was > 50% viability, ICs, value was assigned as “
(e.g., > 100 pM).

> highest concentration tested”
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Figure SI-1. Biological activity ploys presenting 1Csy and ECsq for all APT 2 synthesized
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Table SI-1. Biological evaluation of the APT library. In cases where maximal response was greater than 20% ECs,

value is reported instead of ICs.

Entry Compound leclpll\(llLt(e:(I:(enI:/:?) P5N1E(Cpanlclf(elactic “t;la)ncer) HEL (nkci)tr:li:tl::)“gnant
50 50 50 50 ECso M (ICs M)
R R o e P==Y T
2 2aa’ 13.5+1.41x10° 22.0+1.91x 107 >100X10°
3 2ac’ 49+3x10° 180+ 13 x 10” >50 X 10°
4 2ad’ 269 +24x 107 1002 + 91 x 10° >100X 10°
5 2ae’ 465 +42x10° 405 +39 x 10° >100X 10°
6 2af’ 1191+89x10° >100X 107 >100X 10°
7 2ag’ 479+ 49 x 10° >10.0X 10° >100 X 10°°
8 2ah’ 10349.2 x 10” 191+ 16 x 10° >100X10°
9 2ba’ 123 +12x 107 473 +42x10° >100X 10°°
10 2bb’ (1303 £ 120x 107) (3891 +420x 107) (>100 X 10°°)
11 2bc’ (883 +7.2x107) (100 + 153 X 10°°) (>100 X 10°°)
12
13
14 2cd’ (202+9.0x 107) (549 +30x 10”) (>100 X 10°°)
15 2ch’ (17+2x107) (40+3x107) (>50 X 10°)
16
17 2dc’ 37+3.0x10” 56.7+5.41x10° >100X 10°®
18 2dd’ 470+39x10° 745 + 69 x 10” >100X 10°°
19 2de’ 202+ 19 x 10” 402 +28x 10° >100X 10°°
20 2df’ 98+6.3x10” 106 + 10 x 10” >100X 10°°
21 2dg’ (367£39x107) (670 £ 58 x 10”) (>100 X 10°°)
22 2dh’ 1128 + 81 x 10° 1902 + 171 x 10” >100X 10°
23 2ea’ (>100X 10 (>100X 10 (>100X 10
24 2eb’ (>100 X 10°°) (>100 X 10°°) (>100 X 10°°)
25
26
27 2fd’ 237 +22x 107 1004 + 100 x 10” 2742+ 219 x 10
28 2fh’ (>10X10°) (>10X10°) (>100X 10
29 2ga’ 41+3x107° 71+4.1x10° >100X 10°
30 2gc' (956 x 10°) (213+20.1x107) (>100 X 10°°)
31 2gd’ 247 +22 x 107 968+ 93 x 10° 3063 +219x 10”
32 2gh’ 122+11x 107 121+10x 107 >100 X 10°®
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THP1 (Leukemia)

Entry ICso M (ECso M)

Compound

“ 10.9 +1.41 x 10° 17.1+2.0x10°

PSN1 (Pancreatic cancer)
ECso M (IC5o M)

HEK, (non-malignant
kidney)
ECso M (IC5o M)

>100X 10°

36 2hh’ 249 +22x 107 222+19x10” >100X 10°
37 2ia’ 631+ 59 x 10” 4547+ 419x 10° >100X 10°
38 2ic’ (107 £10x 10”) (1620 + 159 x 10°) (>50 X 10°°)
39 2id’ 10.2+1.2x10° >50X10° >50 X 10°°
40 2ik’ 58 +5.2x 10" 144 +9x 10° >50 X 10°°
41

42

43

44

45 2ka’ 6645+ 619 x 10 >10X10° >100X 107
46 2ke’ (3290 +320x 10”) (>100 X 10°°) (>100 X 10°°)
47 2kd’ 1092 + 100 x 10” >50 X 10°° >50 X 10°°
48 2kh’ 1552 + 120 x 10” 1159 + 120 x 10” >50 X 10°°

Scheme SI-3.Modulations of the APTs pharmacophores

H

’

N
H
NaBH4CN (3 eq.) mo
n S
AcOH (15 eq.) o
MeO
OMe

RT, 2 hours
MeO

2ja’, n = 0 (36% yield, ICs, = 8 nM)
2fa’, n = 1 (57% yield, ICsy = 13 M)

OMe
7ja’, n =0 (IC5q = 316 nM)
7fa',n =1 (IC59 = 7.3 uM)

(0]
LO

2bc’ (IC5 = 883 nM)

H H
1
HO N MOMCI (1.1eq)  MOMO. N
S \ 3 \
) 0°CtoRT

1 hour

0
25% yield o’@
L

o]
2Ic’ (IC5 = 545 nM)

iy | Compona | i derial | e )| iy
50 50 50 50 ECSO M (ICSO M)
1 7ja’ 316 +32x 107 335+32x107 >100X 10°
2 2ja’ 8+0.7x10° 60+6x10° >50 X 107
3 7fa’ 7332 £+720x 10° >50 X 10°° >50 X 10°°
4 2fa’ 13+1.1x10° 61+6x10° >50 X 10°°
5 2bc’ 883+7.2x10° 100 + 153 X 10°° >100X 10°
6 21’ 545+ 52 x 10” >50 X 10°° >50 X 107
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Table SI-2. Selected physicochemical properties for several APT molecules

THP-1 H-bond donor THP-1 H-bond donor
E : TPSA . TPSA
ntry compound celllines  cLogP s & acceptor | Entry compound cell lines cLogP s & acceptor
ICsp (NM) A?) count 1C<o (NM) (A%) count

1 13+£1.1 3.7 66.02 6 9 50+ 3.0 3.8 56.79 5
2 8+0.7 3.26 66.02 6 10 19.6 + 1.41 3.35 56.79 5
3 132 3.24 66.02 6 1" 109 +1.41 3.33 56.79 5
4 9.3+0.81 3.02 75.25 7 12 17+£2 3.1 66.02 6
5 19.4+19 2.88 66.02 6 13 37+3.0 297 56.79 5
6 6645 + 619 2.41 78.91 7 14 3290 + 320 25 69.68 6

&,
7 < 540 + 42 1.16 160.83 15 545 + 52 225 75.25 7

etoposide /@\

Ho. R
I

S

8 >100 2.88 66.02 6 16 H O 883+7.2 204  77.02 7
o] 0
’ H . o 2bc*
MeO 2ea LO
Med OMe

Calculated physicochemical properties.

Lipophilicity is an important physicochemical property that plays a major role in identifying the
suitable drug candidates because it encrypts how a compound or drug transportation is affected
by inter- and intramolecular forces. Etoposide 1 exhibits poor physicochemical properties for a
drug, likely causing its modest solubility in water (cLogP =1.16) and absorption. In fact, 1
disobeys three of the five Lipinski rules®? with a high molecular weight (MW of 588.6 DA >500

2 |ipinski, C. A.; Lombardo, F.; Dominy, B. W.; Feeney, P. J. Experimental and computational approaches to
estimate solubility and permeability in drug discovery and development settings. Adv. Drug Deliv. Rev. 2012, 64, 4-
17.
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DA) presents 12 hydrogen-bond acceptor sites (HBA>10) and has a topological polar surface
area of 160.83 A? (>140 A?).

Our approach to the APT-library diversity was to maintain a low toxicity against non-malignant
cells and improve the compounds Absorption, Distribution, Metabolism and Excretion properties
(ADME) in comparison to the reference drug etoposide 1. In the present library, all the synthetic
analogues have very similar molecular weights (MW< 450 Da) and number of rotatable bonds
(RtB). For this purpose, specific physicochemical parameters have been analyzed: cLogP
values (cLogP < 3-5)°"° to enhance absorption and cell permeation, topological polar surface
area values (61-75 A’< TPSA in A’<140 A% to maintain a good availability and transport of
the molecules and finally a direct correlation was proposed with the numbers of hydrogen-bond
acceptor and donors sites (HBA+HBD < 12) to potentially increase the number of available
binding sites and enhance chemical interactions with the cellular biological target. Partition
coefficient values (cLogP), the total number of HBA/HBD sites at physiological pH and the
TPSA were calculated for all APT molecules from the library, using the Plexus discovery
software from Plexus Suite which is a web-based software package that integrates the
ChemAxon’s structure-based property

calculations application.®®> A meaningful
selected data set of these properties is e Y= 2063.1159 M+ (6373135 My
presented in Table-SI2. All the calculated 800 : (R’ =0.80852)

physicochemical values for these compounds
(cLogPp < 3.7; 56 A< TPSA <79 A%
HBA+HBD<7) were in acceptable range
according to the literature which does not
afford a satisfactory explanation to interpret
the low ICsq values for several compounds 0+
such as 2ka’, 2kc¢’, 2ia’, 2ic’or 2ea’.

Although the calculated physicochemical s 2 20

values could not be directly correlated to the clogP

biological activity and 1Cs, values (against Figure SI-2. Relationship between ICso and clogP
leukemia), a trend can be observed. For values for a series of ATP molecules
example, in the series of compounds 2bc’, 2ic’, 2dc’, 2cc’, 2hc’ and 2j¢’, the lipophilicity
increased substantially (cLogP = 2.0, 2.2, 3.0, 3.1, 3.3 and 3.35) which also correspond to an
increase in cell permeation and in biological activity (corresponding ICs, values of 883, 545, 37,
17, 11 and 20 nM). The increase in lipophilicity resulting from the ether appendages (e.g. 2bc’
vs 2lc’ and 2cc’) at C7 may well favor a better cell permeation without affecting the binding
properties of the small-molecules. Therefore we could conclude that lead compounds such as
2ca’ and 2cc’ may present an interesting balance between a relatively high lipophilicity to
facilitate cell permeation (cLogP ~ 3.0) while presenting a relatively large TPSA (TPSA ~ 70 A%
to maintain an important binding affinity to the cellular target. Also, as shown by recent studies,
compounds with cLogP values< 3 are likely to present less toxicity.®"

THP cell lines
IC,, (NM)
IS
S

S3 Abad-Zapatero, C. Ligand efficiency indices for effective drug discovery. Expert Opin. Drug Discov. 2007, 2,
469-488.

S Palm, K.; Luthman, K. Ungell, A.-L.; Strandlund, G.; Artursson, P. Correlation of drug absorption with
molecular surface properties. J. Pharm. Sci. 1996, 85, 32-39.

S5 hitps://www.chemaxon.com/products/calculator-plugins/
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Overall, we are delighted that most APT-molecules from the synthetic library have a much better
“drugability” profile than the parent and reference drug 1 which likely translated in molecules
such as 2ca’, 2cc’, 2da’, 2fa’, 2ha’, 2ja’ and 2jc¢’ to be highly potent and selective against
leukemia. Based on the aforementioned physicochemical properties, the APT molecules
synthesized in this study demonstrated high solubility, a favorable cell permeability and an
important level of biological validation, therefore these small-molecules should have the
appropriate structural and electronic features (high TPSA and count of HBA+HBD) to induce a
high binding affinity to the biological target. Our preliminary data showed that compounds
bearing a 3,4,5-trimethoxy substitution pattern on the E-ring are slightly more potent against the
leukemia THP-1 cells than compounds having a 3,4-dioxolane (Table SI-2, entry 1 vs 9, entry 2
vs 10, entry 4 vs 12, entry 5 vs 13). Positional substitution on the B-ring is also key to the
biological activity and the best pharmacophore positioned at C6, C7 and C8 are presented in
Table SI-2. From our preliminary data, it appears that functionalization on the A/B-rings has a
drastic influence on the biological activity with 2ca’ and 2da’ being two of the most active
compounds tested to date (R = OCHF, or SCH; at position C7).The degree of interaction or
affinity of the APT molecules and the biological target leading to a potent activity on leukemia
THP-1 cells, can be related mostly to the stereoelectronic pattern of substitution on the B-ring.

Figure SI-2. Visualization of topological polar surface area (TPSA) of the lead compound 2ca’
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SMILES

0=C(0C1)C2=C1INC3=CC(OC04)=C4C=C3C2C5=CC(OCO6)=C6C=C5
0=C(0C1)C2=C1NC3=CC(OC04)=C4C=C3C2C5=C(F)C(F)=C(F)C(F)=C5F
0=C(0OC1)C2=C1INC3=CC(OC04)=C4C=C3C2C5=CC=C(OC)C=C5
0=C(0C1)C2=C1INC3=CC(0)=CC=C3C2C4=CC=C(OC)C(0)=C4
0=C(0OC1)C2=C1NC(C=C(OC(F)F)C=C3)=C3C2C4=CC(OCO5)=C5C=C4
FC(F)OC1=CC=C(C(C2=C(F)C(F)=C(F)C(F)=C2F)C(C(OC3)=0)=C3N4)C4=C1
FC(F)OC(C=C1)=CC2=C1C(C(C(OC3)=0)=C3N2)C4=CC=CC=C4
0=C(0C1)C2=C1NC3=CC(SC)=CC=C3C2C4=CC(OC)=C(OC)C(OC)=C4
CSC1=CC=C(C(C2=C(F)C(F)=C(F)C(F)=C2F)C(C(OC3)=0)=C3N4)C4=C1
CSC1=CC=C(C(C2=CC=C(F)C=C2)C(C(OC3)=0)=C3N4)C4=C1
CSC1=CC=C(C(C2=C(OC)C(OC)=CC=C2)C(C(OC3)=0)=C3N4)C4=C1
0=C(0C1)C2=C1NC3=C(SC)C=CC=C3C2C4=CC(OC)=C(OC)C(OC)=C4
0=C(0C1)C2=CINC3=C(SC)C=CC=C3C2C4=CC=C(OC)C(0)=C4
0=C1C2=C(C3=CC(OC)=C(OC)C(OC)=C3)C4=CC5=C(CCCC5)C=C4N=C2CO1
0=C(0C1)C2=C1NC3=CC(CCCC4)=C4C=C3C2C5=CC(OC)=C(OC)C(OC)=C5
0=C(0C1)C2=C1NC3=CC(CCCC4)=C4C=C3C2C5=C(F)C(F)=C(F)C(F)=C5F
0=C(0OC1)C2=C1INC3=CC(CCCC4)=C4C=C3C2C5=CC=CC=C5
N#CC1=C2C(C=CC=C2)=C3C(C(C4=CC(OC)=C(OC)C(OC)=C4)C(C(OC5)=0)=C5N3)=C1
N#CC1=C2C(C=CC=C2)=C3C(C(C4=CC(OCO5)=C5C=C4)C(C(OCB6)=0)=C6N3)=C1
0=C(0C1)C2=C1NC3=C(C=CC=C4)C4=C(C#N)C=C3C2C5=C(F)C(F)=C(F)C(F)=C5F
0=C10CC2=C1[C@H](C3=CC(OC)=C(OC)C(OC)=C3)C(C=CC4=C5C=CC=C4)=C5N2
0=C(0C1)C2=C1NC3=C(C=CC=C4)C4=CC=C3C2C5=C(F)C(F)=C(F)C(F)=C5F
0=C1C2=C(C3=CC(OC)=C(OC)C(OC)=C3)C4=CC5=C(CCC5)C=C4N=C2CO1
0=C(0OC1)C2=C1NC3=CC(CCC4)=C4C=C3C2C5=CC(OC)=C(OC)C(OC)=C5
0=C(0OC1)C2=C1INC(C=C(CCC3)C3=C4)=C4C2C5=CC=C6C(OCOB)=C5
FC(C(F)=C(F)C(F)=C1F)=C1C2C3=CC4=C(CCC4)C=C3NC5=C2C(OC5)=0
0=C(0OC1)C2=C1NC(C=C(CCC3)C3=C4)=C4C2C5=CC=CC=C5
0=C(0OC1)C2=C1INC(C=CC3=C4C=CC=N3)=C4C2C5=CC(OC)=C(OC)C(OC)=C5
0=C(0OC1)C2=C1NC3=CC=C(N=CC=C4)C4=C3C2C5=C(F)C(F)=C(F)C(F)=C5F
0=C(0C1)C2=C1NC3=CC(OCOC)=CC=C3C2C4=CC(OCO5)=C5C=C4

Compound_ID 1Cs

’

2ac
2ad’
2af’
2bb’
2cc’
2cd’
2ch’
2da’
2dd’
2de’
2dg’
2ead’
2eb’
7fa’
2fa’
2fd’
2fh’

2jc
2jd’
2jh’
2ka’
2kd’
2Ic’

49 nM
269 nM
1191 nM
1303 nM
17 nM
202 nM
17 nM
19 nM
470 nM
202 nM
367 nM
>100 uM
>100 uM
7.3 uM
13 nM
237 nM
>50 uM
41 nM
95 nM
247 nM
13 nM
17 nM

8 nM
316 nM
20 nM
42 nM
40 nM
6645 nM
1092 nM
545 nM

62



