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Abstract: Leucine-rich repeat kinase 2 (LRRK2) is one of thest pursued targets
for Parkinson’s disease (PD) therapy. Moreoveha$ recently described its role in
regulating Wnt signaling and thus, it may be inwalvin adult neurogenesis. This new
hypothesis could give rise to double disease-modjfragents firstly by the benefits of
inhibiting LRRK2 and secondly by promoting adulunegenesis. Herein we report, the
design, synthesis, biological evaluation, SAR anteptial binding mode of indoline-
like LRRK2 inhibitors and their preliminary neurage effect in neural precursor cells
isolated from adult mice ventricular-subventricutzone. These results open new
therapeutic horizons for the use of LRRK2 inhilstas neuroregenerative agents.
Moreover, the indolinone derivatives here prepanelipitors of the kinase activity of
LRRK2, may be considered as pharmacological protmesstudy the potential
neuroregeneration of the damaged brain.

Keywords: LRRK2 inhibitors, protein kinase inhibitors, indmbne, adult neurogenesis,

neural stem cell, regenerative medicine



1. Introduction

The search of effective treatments for neurodegeiver diseases is one of the urgent
clinical and social needs today given their wideggrand devastating nature. As most
neurodegenerative disorders are age-dependenttaddenger life expectancy the
prevalence of these diseases, including Alzheimand Parkinson’s disease among
others, increases daily. Common characteristicseofodegenerative diseases include
the progressive loss of neurons in specific regande nervous system underlying the
subsequent decline in cognitive or motor function patients. Given their largely
unknown etiology and the lack of effective treattsetimere is a critical need to better
understand the underlying disease pathophysiolagy discover effective disease-
modifying targets for their treatment.

Genetic studies carried on several families in Ashe United States, and
Europe led to discover in 2004 that mutations exgend_RRK2encoding leucine-rich
repeat kinase 2 (LRRK2) as a major genetic riskofafor both familial and sporadic
Parkinson’s disease (PDUp to date among the disease-linked genetic polghisms
(15% of the total PD population) LRRK2 mutations@ant for 4% of the cases and 1%
of the sporadic onésAlthough these incidences are quite low and ritai®s unclear
how mutations iLRRK2gene cause PD-related neurodegeneration, LRRK 2alsex]
as one of the most pursued targets for PD andlibition has been proposed to be
beneficial for preventing neurodegeneration. Bilpre$ are being done at the moment
both from academia and the pharmaceutical indusitih the goal of developing
selective and brain-permeable LRRK2 inhibitors esroprotective agents for B

LRRK2 is an unusually large (2527 amino acids) grothat is classified as a
member of the Ras-like GTPase (ROCO) superfamityieAst 6 independent domains
have been established including a kinase domadT Rase domain and several protein-
protein interacting regiodsThe physiological role of LRRK2 is poorly understl and
many of its substrates remain unclear, howeveratgseccess was achieved by the
identification of a subset of Rab GTPases as keRKR substratés The downstream
signals in which LRRK2 is involved are not well cheterized yet, however LRRK2
can be related to other pathological pathways detsie direct PD pathology. LRRK2

can be related to tau pathology, inflammatory respo oxidative stress, mitochondrial



and synaptic dysfunction, deficiencies in the absmy-lysosomal systémand its
implication in adult neurogenesis through the Wagnaling pathway:

Among these connections we considered as the nmbstesting one, the
hypothesis that the pharmacological inhibition oRRK2 may induce adult
neurogenesis. There is evidence suggesting thabgenesis is impaired in many
neurodegenerative diseases, therapeutic approdlchestimulate neurogenesis may
have potential to stimulate repair and even reggvirereby providing innovative,
disease-modifying treatmeftS. Therefore, LRRK2 inhibitors may have a dual
therapeutic role: the first one due to the diremtddicial effect of LRRK2 inhibition and
the second one as enhancing adult neurogenesis.

Based on these collective observations pointingpeocritical role of LRRK2 in
CNS function and connections to proneurogenic pajiswike Wnt signaliny we
initiated a medicinal chemistry program with thenasf finding new selective LRRK2
inhibitors with physicochemical properties compiilwith crossing the blood brain
barrier (BBB). Furthermore, we have used them ammhcological probes of adult
neurogenesis activators using neural stem cellatesb from the neurogenic niche of
the adult mouse ventricular-subventricular Zonkn this communication we present a
class of outstanding novel LRRK2 inhibitors thatowha preliminary effect in
increasing the proliferation of neural stem cefenf the subventricular zone of adult
mice and can therefore be considered as chemicbéprto study the neuroregeneration

potential of the damaged brain.

2. Resultsand discussion
2.1. Design of new compounds

Biology-oriented synthesiSemploys chemical privileged scaffolds from natural
sources for the development of focused librariegabse natural products are
particularly important as source of inspiration frsw compounds. A literature survey
identified several isatin H-indole-2,3-dione) derivatives as, a natural sddffresent
in different Chinese traditional medicines, withtgr@t biological activity on different
protein kinases (Figure 'f) Moreover, some of them such as sunitinib are FDA

approved for human therapy while semaxanib is atigrén clinical trials (Figure IY.
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Figure 1.- Structure of known protein kinase inhibitors witldolinone scaffold.

For the design of new LRRK2 inhibitors, we decidedkeep the indolinone
ring as common and privileged scaffold and to motlie nature of the atom directly
joined to the oxindole ring introducing a nitrogatom instead of the carbon atom
present in the compounds of Figure 1. Furthermbeeinfluence of various substituents
on the aryl group was explored obtaining differenimpounds, with aromatic and
aliphatic nature. In addition, the linker betweka above mentioned substituent and the
oxoindole heterocycle was modified. Imines and hydnes were used for this purpose.
Finally, alkylation of the heterocyclic nitrogenoat and substitution in different
positions of the indolinone framework gave addigibdiversity to the final compounds
(Figure 2).
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Figure 2.- Designed compounds following a biology-orientedthgsis (BIOS)
approach and consideration of the indolinone rig arivileged scaffold.

2.2. Chemistry

Preparation of the first family of these compounslas carried out using
classical conditions to conduct the imine formatieaction between the isatin core and
the corresponding aromatic amine under reflux ineiwe and with 4-toluensulfonic
acid as cataly$t Several imino indolinone derivatives have beesvimusly described.
However, due to long reaction times and low yieltsy synthetic reaction conditions
were looked for. Microwave assisted organic synthas the absence of solvent and
montmorillonite (MMT-K10) as surface catalyst wehe best option fourtd although
here an optimized work-up was used (describedaretperimental part). MMT-K10 is
a mixture of silicates in laminar arrangement rélgeumsed as inorganic base in organic
synthesis. The reactions catalysed by MMT-K10 avemally performed under mild
conditions to obtain high yield and selectivity. MMK10 was not only used as a base
but also as a solid surface where the reaction ma&e®. For imine formation it is
essential to remove the water from the reactioninme@nd normally 4-toluenesulfonic
acid was used. In our case, the use of microwasistad organic synthesis accelerates
the dehydration of the reaction using a clay supMMT-K10. Thus, lower reaction
times (10 min) and an increase in general yield acdseved except for compounds
and 9 where the amine employed was in the hydrochlofmen. Following this

optimized procedure, compountid5 were isolated (Scheme 1).
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Scheme 1.- Reaction conditions: i) MMT-K10, MW, 100°C, 5-30 min; ii) EtOH,
KOH, SQMe; or BrBn; iii) DMF, NaH, CHI or BrBn; iv) MW, 110°C, 0.5-1.5 h

The second family of compounds bears in their chahmstructure aliphatic
cyclic scaffolds as piperidine, morpholine or dipiaydrazine among otherdq-21)
instead of a phenyl ring. This involves a changéhenature of the linker to the isatin
core from an imino to a hydrazone one (Scheme 1).

In order to explore the importance of the nitrogeéom of the isatin derivative,
we N-alkylated the previously synthetized compounds legipg classical conditior$
which led us to derivative®2-27. Nevertheless, in the case of imine derivativeglia
medium leads to the hydrolysis of the imine bonak. fhis reason, thbl-alkylation of
the isatin heterocycle was done previously to thieé formation leading to compounds
28-29. Further reactions with different anilines yielddek desired compound®-32
(Scheme 1).

Finally, to introduce an alternative diversity piithe isatin core with different
substituents in positions 5 and 7 were used asingtamaterials leading to the final
products33-50.

All the synthesized compounds were carefully charaed by mass spectra
(MS), *H and*C-NMR including bidimensional HMBC and HSQC expegims, and
when possible for some previously described comgsummelting points were
compared (see experimental). Elemental analyssspggformed for all the new herein

reported compounds (see supporting information & &tl).



The indolinones with imino or hydrazone bond diyecattached to the
heterocyclic framework may present two differeminmersE andZ that were identified
and quantified byH-NMR (Table 1). In order to determine the mainni®w, a nuclear
Overhauser effect (nOe) experiment was carried Tulis, by irradiation performed in
the indolinone H4 proton, a nOe effect of the arbenprotons of the phenyl ring is
observed for thée-isomer while it is not detected for th&-isomer (Figure 3). This
methodology was carried out in all the cases t®rdé@he the isomers ratio of the
compounds. For the first family of synthesized coommls, the oxoindole
iminoderivativesl-15 and30-32, the main isomer obtained was taéorm although the
Z one was also detected. Differences observed imstmaers ratio could be justify by
the electron donor or electron acceptor substituprasent on the phenyl ring. However
for compoundsl7 and 18, the main isomer was found to be tAeone. In these
compounds an intramolecular hydrogen bond couldobmed between the carbonyl
group of the indolinone core and the CH or NH oé tmino or hydrazine bond,
respectively.

In compounds where the hydrazone linker was pre@rvativesl6, 19-27,
33-38), nOe experiments revealed that the main and nmescases such as compounds
37 and38, the only isomer obtained was theone due to the hydrogen bond formation
between the H4 proton of the indolinone core amdritrogen atom of the hydrazone
moiety. If any substituents are present in the lindoe heterocycle, their piperidine
(39-43) or morpholine 44-50) derivatives lead to obtain thtisomer as the majority.
However, when there is no substitution in the oslola core, both isomeEs andZ are
found in the same ratios (see compoui@24, 26, 27) (Table 1). Some representative

'H-NMR spectra are collected in the supplementafigrination (Figure S1).
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Figure 3.- Different E:Z isomers of the indolinone imino and hydrazonedgives.

2.3. Kinaseinhibition activity evaluation

All the synthetized indolinone compounds were eatdd as potential inhibitors
of LRRK2. The assays were performed using LifeTebtbgies Adapta® methodology
according to the procedure described in the exmariah section. This is a fluorescent-
based immunoassay for the detection of ADP formgdhle kinase reaction. Human
recombinant LRRK2 and its substrate known as LR&kKtipeptide (sequence:
RLGRDKYKTLRQIRQ) were incubated in the presenceabsence of inhibitors, and
the ADP formed was quantified using specific ardiles resulting in a TR-FRET signal
variation. All the compounds were assayed twica dixed concentration of 10 uM
using the commercial compound Irrk2-in-1 as refeeestandard. When the percentage
of inhibition was more than 50%, the dose respausee was determined and thesdC
value calculated. Moreover, compounds that inhldRRK2 were also assayed in
human recombinant LRRK2 G2019S, the most commonHKZRRiutation in familial
PD patient®, following the same protocol. This mutation resiilh an increase of
kinase activity that is linked to the severity degrof the patholody. Some of the
compounds here synthesized showed a marked immbidn LRRK2 and LRRK2
G2019S with IGy values in the nano/submicro molar range, simitathe reference

compound Irrk2-in-1. Generally, if a compound wagedo inhibit LRRK2, it was also



able to inhibit this mutated form with similar poty even with PD-linked mutation

being located in activation 108 All the data are collected in Table 1.

Table 1. Reaction yieldsE:Z isomeric ratios, predicted blood-brain barrier @B
penetration and biological activity (LRRK2 inhilmti and Wnt signal enhancement) of
synthetized isatinek-50.
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LRRK2 LRRK2 LRRK2 LRRK2

mp. R R R? Yield EZ - G2019S G2019S

CC)NOF.) . ratio Zotl)nhﬁ |C'\zoa %inh  ICso BBB

MM M) @10y (uM)

1 3-NO,-Ph- H H 50% 6337 19% - - - -
2  4-OMe-Ph- H H 75% 83:17 63% 2.177/5% 2.33 CNS+
3  4-Br-Ph- H H 84% 77:23 11% - - - -
4  Ph- H H 86% 8317 71% 3.65 70% 2.98CNS+
5 2-OMe-Ph- H H 27% 8317 15% - - - -
6 2-Ck-Ph- H H 53% 62:38 12% - - - -
7 2-Cl-Ph- H H 4% 77:23 30% - - - -
8 2-F-Ph- H H 60% 67:33 60% 234 73% 3.29CNS+
9 3-ClI-Ph- H H 10% 63:37 39% - - - -
10 4-F-Ph- H H 71% 67:33 71% 3.18 69% 3.69CNS+
11 4-CN-Ph- H H 56% 64:36 45% 15.40 - - -
12  4-NO,-Ph- H H 24% 6436 66% 7.27 - - -
13 4-N(Me)-Ph- H H 84% 76:24 76% 3.79 64% 3.11CNS+
14 2,4-(OMe),-Ph- H H 47% 8317 15% - > - -
15 3,4-(OMe)-Ph- H H 65% 8317 3% - - - -
16  -N(Ph) H H 74% 955 96% 0.11 93% 0.29CNS+
17 -CH(Ph) H H 48% 3565 -1% - - - -
18 -NHPh H H 24% 1486 23% - - - -
19 -Piperidine H H 86% 46:54 79% 1.3477% 2.21 CNS+
20 -Morpholine H H 59% 88:12 74% 1.7061% 6.68 CNS+
21 -N(Bn)(Ph) H H 93% 4456 71% 3.8373% 3.67 CNS+
22 -N(Ph) H Me 8% 91:9 49% 57640% - -
23 -N(Ph) H Bn 29% 80:20 40% 6.9840% - -
24  -Piperidine H Me 24% 4951 -3% - - - -
25 -Piperidine H Bn 47% 33:67 1% - - -
26 -Morpholine H Me 32% 59:41 6% - - -
27 -Morpholine H Bn 93% 4555 2% - - -
28 - H Bn 82% -- 1% - - -
29 - H Me 52% -- -15% - - -
30 4-F-Ph- H Bn 87% 77:23 1% - - -
31 4-OMe-Ph- H Bn 72% 80:20 13% - - -
32 4-Br-Ph- H Me 49% 76:24 9% - - - -
33  -N(Ph) 5-ClI H 59% 85:15 96% 0.0196% 0.05 nd.
34 -N(Ph) 5-F H 40% 96:4 97% 0.0299% 0.12 n.d.
35 -N(Ph) 7-Cl H 72% 92:8 17% - - - -
36 -N(Ph) 5-Br H 49% 919 91% 0.0293% 0.03 nd.
37 -N(Ph) 5-OCF H 8% 100:0 61% 5.3540% 21.5 -
38 -N(Ph) 5-OMe H 6% 100:0 100% 0.1395% 0.31 CNS+
39 -Piperidine 5-Cl H 91% 92:8 91% 0.2891% 0.57 CNS+
40 -Piperidine 5-F H 83% 30:70 77% 1.50/9% 2.01 CNS+
41 -Piperidine 7-Cl H 47% 2575 11% - - - -
42 -Piperidine 5-Br H 6% 21:79 92% 0.4993% 0.54 CNS+
43 -Piperidine 5-OMe H 51% 4159 94% 0.785% 1.11 CNS+
44  -Morpholine 5-Cl H 77% 26:74 78% 1.2083% 1.46 CNS+
45 -Morpholine 5-F H 12% 30:70 66% 3.6561% 5.40 CNS+
46 -Morpholine 7-Cl H 56% 2674 7% - - - -
47  -Morpholine 5-Br H 10% 17:83 91% 1.3388% 1.02 CNS+
48 -Morpholine 5-OCk H 83% 12:88 54% 8.7440% 7.49
49 -Morpholine 5-OMe H 32% 38:62 72% 6.0264% 5.93 -
50 -Morpholine 5-1 H 57% 30:70 95% 0.5595% 0.51 CNS+




% standard compound Lrrk2-in-1: 4¢values: 0.02 uM and 0.02 pM in LRRK2 and LRRK2 G28
respectively

Since one of the main challenges in kinase inhildtscovery is the selectivity,
and being aware that the central scaffold of ounmounds is also present in other
protein kinase inhibitors (Figure 1), we performadkinase profiling with the first
indolinone-like LRRK2 inhibitor here preparedl6f with an 1Gy value in the
submicromolar range (Kz=0.11 uM) to be sure that we are working with silec
LRRK2 inhibitors. We selected a panel of fifty @ifént human protein kinases and
tested the compound at a fixed concentration oftlD In this panel, those kinases
previously inhibited by different compounds contagnthe indolinone framework, as
those depicted in figure 1, were included. Thusitinbitory activity on different CK1
isoforms and EGFR, IGF1R and PDGFR alpha as rempasees of tyrosin kinases
were evaluated. Detailed experimental backgrounth sas ATP concentration and
quantity of each enzyme used are described inuppaosting information (Table S2).
Selected protein kinases and the percentage afdiactivity remained after compound
16 treatment is depicted in Figure 4. High selegfivdwards LRRK2 inhibition was
observed for indolinone derivativis, which only showed a slight inhibition on the
FMS-like tyrosine kinase 3 (FLT-3), pointing to @lexctive family of inhibitors. FLT-3
is involved and aberrantly active in acute myeleigkemi&®. To assure this selectivity
profile, a second indolinone was selected to rensime panel. In that case, our criteria
were to be a potent inhibitor and to have good dikegproperties such the permeability
in the central nervous system (CNS). Kinase sefégtior this family of compounds

was confirmed when the isatin-like compowB&wvas used (Figure 4).
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Figure 4.- Kinase profiling of indolinond6 (light blue)and38 (dark blue)at
compound fixed concentration of 10 uM.

2.4. Structure-activity relationships and molecular modeling studies

These first results revealed clear structure-agtivelationships providing
important clues for further optimization. Among th&phenylimino-indolinone
derivatives, substitution position in the phenyigriwas critical for activity. Only para-
substituents were tolerated. Inhibition of LRRK2swaund for derivative and10-13,
all of them with different chemical moieties in gas 4 of the phenyl ring. By
contrast, there was a lack of potency when thebstisuents are in orto- and/or meta-
position (compoundg, 5-9, 14-15). An exception was observed in indolinde&vith a
fluorine atom attached in orto- position to the pfiaing. This compound had and€C
value of 2.34 uM, which is in the same range ta diaerivative4 (ICso= 3.65 uM) in
which the phenyl ring is not substituted. That rbayexplained by the similarity of the
size of fluorine atom to that of the hydrogen one.

More effective for kinase inhibition was the inttation of a hydrazone spacer
instead the imino linker. In those cases an inere@asthe inhibition of LRRK2 was
observed (compoundks, 19-21 versusl1-15). This effect was clearly revealed by the
submicromolar activity of indolinon& and the complete lack of activity of compound
17. The only difference between these two compounals tve replacement of a carbon

atom by a nitrogen one, resulting in the shiftirani imino to hydrazone moiety.

e
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Regarding the indolinone ring, greater variatiamshie biological activity were
found when different modifications in this heterolby core are introduced. For
example, the NH group was completely necessary RIRRK2 inhibition and when it
was modified by alkylation, kinase inhibition wasst or decreased by more than one
order of magnitude (compoun@38-27 and 31 versusindolinones16, 19, 20 and 2).
Substitution in position 7 of the heterocyclic carempletely abolished activity of
compounds35, 41 and 46, presumably causing the loss of interaction wiRRK2.
However, an increase in the inhibition potency Yeasd when position 5 of indolinone
framework was modified by different chemical groupisch as halides or different
ethers (compound33, 34, 36-40, 42-45, 47-50). In some cases, such as compousijs
34 and 36, we obtained very potent LRRK2 inhibitors withsiGralues in the low two
digit nanomolar range.

In order to gain insight into the binding mode bfstnew family of potent
LRRK?2 inhibitors, and looking for clues to assistthe lead-to-candidate optimization,
a docking study using Glide XP (Schrodinger suitegpam) that allows examining a
potential binding mode to the enzyme was carried ©oe kinase domain of LRRK2
has not been crystallized but a LRRK2 homology rhbds recently been publistéd
We reproduced the LRRK2 homology model using tlystet structure of Janus Kinase
2 as template and the human LRRK2 sequence redriék@m Swiss-Prot (see
supplementary material) following the publishedtpcol.

All the compounds showed a similar binding modethe catalytic site of
LRRK2. In Figure 5A the docking of indolinon&3 is shown, as a representative
example. The most important interaction was gowkrbg the dual hydrogen bond
between Lys 1906 and two features of the indolinang: the carbonyl group in
position 2 and the nitrogen atom of the hydrazittached to the heterocycle. This
molecular orientation allowed both the formation afhalogen bond between the
Asp1887 and the halide atom in position 5 of th@olmone, and the possibility of a
hydrogen bond between the Asp 2017 and the hetdiodyH. This binding mode with
the same molecule orientation and key interactiwas also present in compounds with
piperidine B9) or morpholine in the hydrazone linker (Figure 5Bhis binding mode
might explain the better value of activity of thasmmpounds with chemical groups in

position 5.



A)

B)

Figure5.- A) Binding mode of indolinon&3 into catalytic site of LRRK2. B)
Superposition of compoun@s (blue color) anc9 bound to LRRK2.

Considering the protein surface and druggable ieaviin the catalytic site exits
two pockets where additional van der Waals intevastwith the ligand may increase
enzymatic potency. The first one at the back of 1§96 and Glu 1920 was fully
occupied with one of the phenyl rings of diphenghi@ compounds that may be
responsible for the higher potency of these ddaxigat in comparison with their
piperidine and morpholine analogs. However, thensembered ring present in these
last compounds was oriented totally towards theorsgccavity, pointing to a new
direction where current molecules may be modifeegatentially increase hydrophobic
interactions (Figure 6).



Figure 6.- Indolinones33 and39 bound to LRRK2. Green and orange arrows show the
two back cavities present in the active site of KRR

2.5. Prediction of blood brain barrier (BBB) per meability

As one of the main obstacles for the treatmenthef diseases of the central
nervous system (CNS) is the drug’s penetration theoblood-brain barrier (BBB) at
therapeutic concentrations, we decided to exploeeprediction of our top indolinone-
based LRRK2 inhibitors to penetrate into the huB&m. Parallel artificial membrane
permeability assay (PAMPA) is a high-throughputhteque developed to predict
passive permeability through biological membrdneand we used this methodology to
evaluate the BBB permeability of our LRRK2 inhibigo The first step consists of an
assay validation comparing the human reported peitities (Pe) values of several
marketed drugs with the experimental data obtabmedsing this methodology (Figure
S2 supporting information). A good correlation beén experimental-described values
was obtainedPe (exp) = 1.132#%e (bibl.) = 1.0056 (R= 0.9689). From this equation
and following the pattern established in the litera for BBB permeation predictioh



we could classify compounds as CNS+ when they ptesepermeability >3.54x1b
cm.s*. Thein vitro permeabilities Pe) of commercial drugs through lipid membrane
extract together with those belonging to indolirorerivatives were determined as
described in Table 1 and Supporting information I&daB3. Although calculated
prediction to cross the BBB was positive for alé tbompounds, solubility problems
were encountered for compouré; 34 and36 and the prediction of BBB permeability
was not possible to be determined. The low solybiif these compounds may be
explained considering the predicted values of aifeater partition coefficient (log p),
polar surface area (PSA) and aqueous solubility §pcalculated by QuickPro program
for compounds33, 34, 36 and38 (see supporting information Table S4). More thaa o
order of magnitude was found in log S betw@&8nand 33, 34 and 36 although their
chemical structures are very similar, pointing tbeiter solubility for derivatives8.
Thus, as many of the LRRK2 inhibitors tested aredmted to cross the BBB by
PAMPA assay they have potential for further pharodical development including

vivo studies of CNS diseases.

2.6. Neurogenic properties of LRRK2 inhibitors

Adult NSCs continuously generate neurons throughfeuin two brain regions:
the subgranular zone of the hippocampus and theVX/-S&djacent to the lateral
ventricles. The V-SVZ is the largest germinal regio the adult mammalian brain and
generates olfactory bulb interneurons and oligodsndes and in the case of the
human brain, it could also be the source of neasibland interneurons found in the
adjacent striatufid. Thus, the finding of new molecules able to inseethe neurogenic
potential of the VZ-SVZ niche, especially in theseaf PD patients with alterations in
LRRK2 activity, is of great relevance.

To determine if some of the LRKK2 inhibitors debed in Table 1 could have
an impact on neurogenesis we selected five indoéfidke LRRK2 inhibitors taking in
consideration enzymatic activity, solubility propes, compound availability and
chemical diversity. In total, piperidine, morphdiand diphenylamino substituents of
the hydrazine moiety were present in compout@is20, 38, 44 and 45, selected for
these studies.

As NSCs and neural progenitors cultuiadvitro have the ability to grow as
sphere®, we used primary NSCs and neural progenitors tisdlafrom the



subventricular zone of adult mice and cultured therthe presence or absence of the
above mentioned compounds at a fixed concentrafiuM. We investigated whether
addition of indolinone-like LRRK2 inhibitors impad the formation of neurospheres
after the dissociated NSCs and neural progenit@ee vgrowing for 3 days in the
presence of mitogens (FGF and EGF). As shown iarEid, the size of neurospheres
(estimated as total area of the neurospheres) \gagicantly higher in those cultures
treated with the selected small molecules (indole¥i9, 20, 38, 44 and45), compared

to controls treated with DMSO (Figure 7C; contrarmalized: 100+16.7 %; LRRK
inhibitors from 118.5+5 % (compoun88) to 141.5+ 9 % (indolinon&5). This
increase of up to 1.4-fold in the total area offtivened neurospheres could be related to
an increase in the size of individual neurosphdresto an increase in proliferation or
to an increase in the number of neurospheres cawseah increase in the number of
cells with the ability to form neurospheres. Thenter of neurospheres formed in the
presence of the tested LRRK2 inhibitors was simtlarthose formed in control
conditions (Figure 7D). Thus, the inhibition of LRR, using specific indolinone-
derivatives, promotes the proliferation of NSCs aedral progenitors from adult SVZ

grown as neurospheres.
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Figure 7.- Effects of LRRK2 inhibitors on neurosphere forrati (A-B)
Representative bright field micrographs showingdize of primary neurospheres after
3 days in culture in the presence of DMSO as arob(®) or LRRK2 inhibitor38 (B).
(C-D) Quantitative analysis of the neurospheresuiture. The total neurosphere area
was measured (C) and the number of neurospheresomased (D) in each field using
an especially designed macro for IMAGE J. Resukisnaean value + SEM, represented
as relatives to control value (=100), of five diffat fields each one from triplicates and
from three independent experiments. Bar in A: 160 fp<0.05; **p<0.005.

3. Conclusions

LRRK2, an enigmatic enzyme implicated in both faahiand idiopathic PD
risk, may be also play an important role in adelirogenesis through the Wnt signaling
pathway.

Since the discovery of the adult neurogenesis gessarch efforts have been
made to decipher its role and implications in heanhd pathological conditions.
Currently, it is recognized that aging, neurodegatinee and some mental diseases are
associated with a decrease in brain neurogendsisugh the exact relevance of this
decrease to disease etiology and pathogenesisngemebated. Thus, small molecules
able to modulate neurogenesis and neuroplastiarty,intensively being pursued as



valuable pharmacological probes and as new potetiteapeutic agents for these
unmet conditions or diseadés

With the aim of translating these discoveries ihierapeutics, we have designed
new indoline-derived LRRK2 inhibitors with predidtebrain permeability and
determine their potential as regulators of aduliragenesis in neural stem cells isolated
from the ventricular-subventricular zone. Therefdheese inhibitors of the activity of
LRRK2 may be considered as pharmacological proklesstudy the potential
neuroregeneration of the damaged brain. Furthetieguare in progress to show the

regenerative potential of LRRK2 inhibitorsimvivo models.

4. Experimental Section
4.1. Chemistry

Reagents were purchased from commercial sourcesused without further
purification. Melting points were determined withMettler Toledo MP70 apparatus.
Crude residues were purified with the indicatedveol as eluent by flash column
chromatography carried out at medium pressure usiog gel (E. Merck, Grade 60,
particle size 0.040 — 0.063 mm, 230 — 240 mesh ABdmMsoleraOne flash purification
system from Biotage. Compounds were detected whkhlight (254 nm).*H-NMR
spectra were obtained on the Bruker AVANCE-300 speteter working at 300 MHz
or on a Varian INOVA 400 spectrometer working at04BIHz. Typical spectral
parameters: spectral width 16 ppm, pulse widiis957°), data size 32 K’C-NMR
experiments were carried out on the Bruker AVANCIB-3pectrometer operating at 75
MHz or on a Varian INOVA 400 spectrometer workingl®0 MHz. The acquisition
parameters: spectral width 16 kHz, acquisition tOr# s, pulse width fs (57°), data
size 32 K. Chemical shifts are reported in valygsr() relative to internal M&i andJ
values are reported in Hz. HPLC analyses were padd on Alliance Waters 2690
equipment, with a UV detector photodiode array Wsat2996 with MS detector
MicromassZQ (Waters), using an Sunfire column GLBum (50 mm x 4.6 mm) and
acetonitrile and MilliQ water (with 0.1% formic aji as mobile phase. The standard
gradient consisted of a 5 min run from 15% to 95%&aetonitrile at a flow rate of 1
mL/min—Elemental analyses were performed by thalytical department at
CENQUIOR (CSIC), and the results obtained were iwith 0.4% of the theoretical

values. The microwave assisted syntheses wereedaott using a Biotage Initiator



eight single-mode cavity instrument from Biotagep&riments were performed with
temperature control mode in sealed microwave peegasls. The temperature was
measured with an IR sensor on the outside of thetioln vessel. Stirring was provided

by anin situ magnetic stirrer.

General procedure for compounds 1 — 21, 30 — B6llowing the procedure described
by Pandeet al'” with some modifications. A mixture of the isatiarivative (1 eq), the
corresponding amine derivative (1 eq) and MMT-K20 (nhg for 1 mmol of the isatin
derivative) and toluene if necessary, was heatetrumicrowave irradiation (6 — 90
min, 100 — 110 °C). After cooling to room temperafethyl acetate (50 mL) was added
and the mixture was extracted with a saturatedtisoluof NaHCQ (50 mL x 3).
Finally, the organic phase was dried over magnesiuifate and the solvent evaporated
under reduced pressure. The residue was chromptegtas indicated in each case.

In case the amine was in hydrochloride form, thenanderivative (1 eq) was stirred
with triethylamine (1 eq) and toluene (3 mL) foh it room temperature.
(E,Z)-3-((3-Nitrophenyl)imino)indolin-2-one (1): Reagents: isatin (250 mg, 1.7
mmol), 3-nitroaniline (234.7 mg, 1.7 mmol), MMT-KX34 mg) and toluene (1 mL).
Reaction conditions: 15 min at 100 °C. The crudmlpct was purified by IsoleraOne
(water/acetonitrile 7:3) to afford an orange s¢#86.1 mg, 50%), rati&/Z: 63:37, mp:
217-218 °C. IsomeE: *H-NMR (400 MHz, DMSO#d): 3 10.98 (s, 1 H), 8.10 (ddd,=
8.1, 2.2, 0.9 Hz, 1H), 7.85 @,= 2.1 Hz, 1H), 7.75 () = 8.0 Hz, 1H), 7.51 — 7.41 (m,
1H), 7.36 (tdJ = 7.8, 1.2 Hz, 1H), 6.90 (d,= 7.1 Hz, 1H), 6.72 (td) = 7.7, 1.0 Hz,
1H), 6.34 (dJ = 7.4 Hz, 1H)C-NMR (100 MHz, DMSOdg): & 163.9, 157.1, 152.1,
149.4, 148.2, 135.7, 131.9, 126.4, 125.2, 122.6,212116.3, 113.0, 112.4. Isomér
'H-NMR (400 MHz, DMSO#): 5 10.98 (s, 1H), 7.95 (ddd,= 8.2, 2.4, 1.0 Hz, 1H),
7.85 (t,J = 2.1 Hz, 1H), 7.61 (d] = 7.5 Hz, 2H), 7.59 (t) = 8.1 Hz, 1H), 7.51 — 7.41
(m, 1H), 7.07 (td) = 7.5, 0.6 Hz, 1H), 6.87 (d,= 6.8 Hz, 1H)*C-NMR (100 MHz,
DMSO-g): & 159.2, 155.5, 151.3, 148.6, 147.2, 135.5, 13025.4, 124.0, 123.1,
121.6, 119.3, 114.2, 111.7. MS (ESI+): m/z 268 [NH}t Anal. G4HgN3O3 (C, H, N,
0).

(E,Z)-3-((4-M ethoxyphenyl)imino)indolin-2-one (2): Reagents: isatin (600 mg, 4.1
mmol), 4-methoxyaniline (502.3 mg, 4.1 mmol), MMTHK (81.6 mg) and toluene (1

mL). Reaction conditions: 30 min at 100 °C. Thederproduct was purified by column



cromatography (chloroform/ methanol 10:1) to aff@ orange-yellow solid (769.2
mg, 75%), raticE/Z: 83:17, mp: 237-238 °C ([if. 238 °C).
(E,Z)-3-((4-Bromophenyl)imino)indolin-2-one (3): Reagents: isatin (250 mg, 1.7
mmol), 4-bromoaniline (292.3 mg, 1.7 mmol), MMT-K{84 mg) and toluene (1 mL).
Reaction conditions: 10 min at 100 °C. The finaduct was obtained without further
purification as an orange solid (433.5 mg, 85%jorB/Z: 77:23, mp: 241-242 °C (fi.
242 °C).

(E,Z)-3-(Phenylimino)indolin-2-one (4): Reagents: isatin (250 mg, 1.7 mmol), aniline
(158.2 mg, 1.7 mmol), MMT-K10 (34 mg) and toluedengL). Reaction conditions: 10
min at 100 °C. The crude product was purified mjeisaOne (water/acetonitrile 7:3) to
afford a yellow solid (323.7 mg, 86%), ratiZ: 83:17, mp: 231-232 °C (It 232 —
234 °C).

(E,Z)-3-((2-M ethoxyphenyl)imino)indolin-2-one (5): Reagents: isatin (250 mg, 1.7
mmol), 2-methoxyaniline (209.2 mg, 1.7 mmol), MMT& (34 mg) and toluene (1
mL). Reaction conditions: 10 min at 100 °C. Thederyproduct was purified by
IsoleraOne (water/acetonitrile 7:3) to afford aarge solid (116.3 mg, 27%), ratdZ:
83:17, mp: 179 — 180 °C (fit.177 — 179 °C).
(E,Z)-3-((2-(Trifluoromethyl)phenyl)imino)indolin-2-one (6): Reagents: isatin (250
mg, 1.7 mmol), 2-trifluoromethylaniline (273.7 mlg7 mmol), MMT-K10 (34 mg) and
toluene (1 mL). Reaction conditions: 20 min at 200 The crude product was purified
by IsoleraOne (water/acetonitrile 7:3) to afford@ange solid (262.3 mg, 53%), ratio
E/Z: 62:38, mp: 144-145 °C ([{t 144 °C).
(E,Z)-3-((2-Chlorophenyl)imino)indolin-2-one (7): Reagents: isatin (250 mg, 1.7
mmol), 2-chloroaniline hydrochloride (278.6 mg, Irimol), MMT-K10 (34 mg) and
toluene (1 mL). Reaction conditions: 12 min at 200 The crude product was purified
by IsoleraOne (water/acetonitrile 7:3) to afforgedlow solid (16.6 mg, 4%), rati&/Z:
77:23, mp: 236-237 °C ([if. 238 °C).

(E,Z)-3-((2-Fluorophenyl)imino)indolin-2-one (8): Reagents: isatin (250 mg, 1.7
mmol), 2-fluoroaniline (188.8 mg, 1.7 mmol) and MMIO (34 mg). Reaction
conditions: 6 min at 100 °C. The crude product wasified by IsoleraOne
(water/acetonitrile 7:3) to afford an orange s¢#d6.5 mg, 60%), rati&/Z: 67:33, mp:
198-199 °C (li° 198 — 199 °C).

(E,Z)-3-((3-Chlorophenyl)imino)indolin-2-one (9): Reagents: isatin (250 mg, 1.7
mmol), 3-chloroaniline hydrochloride (278.6 mg, Trifmol), MMT-K10 (34 mg) and



toluene (1 mL). Reaction conditions: 6 min at 100 Yhe crude product was purified
by IsoleraOne (water/acetonitrile 7:3) to afford @ange solid (45.1 mg, 10%), ratio
E/Z: 63:37, mp: 219-220 °C ([ff.221 -223 °C).
(E,Z)-3-((4-Fluorophenyl)imino)indolin-2-one (10): Reagents: isatin (250 mg, 1.7
mmol), 4-fluoroaniline (188.8 mg, 1.7 mmol), MMT-R134 mg) and toluene (1 mL).
Reaction conditions: 6 min at 100 °C. The crudedped was purified by IsoleraOne
(water/acetonitrile 7:3) to afford a yellow soli?l89.5 mg, 71%), rati®&/Z: 67:33, mp:
216 — 217 °C (lit® 210 — 216 °C).

(E,Z)-4-((2-oxoindolin-3-ylidene)amino)benzonitrile (11): Reagents: isatin (250 mg,
1.7 mmol), 4-aminobenzonitrile (200.7 mg, 1.7 mmMMT-K10 (34 mg) and toluene
(1 mL). Reaction conditions: 30 min at 100 °C. Tdrade product was purified by
IsoleraOne (water/acetonitrile 1:1) to afford aarge solid (236.9 mg, 56%), ratdZ:
64:36, mp: 257-258 °C ([ff. 257 — 259 °C).
(E,Z)-3-((4-Nitrophenyl)imino)indolin-2-one (12): Reagents: isatin (250 mg, 1.7
mmol), 4-nitroaniline (234.7 mg, 1.7 mmol), MMT-KX34 mg) and toluene (1 mL).
Reaction conditions: 30 min at 100 °C. The crudmlpct was purified by IsoleraOne
(water/acetonitrile 7:3) to afford an orange s¢lid0.5 mg, 24%), rati&/Z: 64:36, mp:
236-237 °C (lif° 231 — 236 °C).
(E,Z)-3-((4-(Dimethylamino)phenyl)imino)indolin-2-one (13): Reagents: isatin (250
mg, 1.7 mmol)N’,N’-dimethylbenzene-1,4-diamine (231.4 mg, 1.7 mmdyT-K10
(34 mg) and toluene (1 mL). Reaction conditionsndf at 100 °C. The crude product
was purified by IsoleraOne (water/acetonitrile #3pfford an orange solid (380.1 mg,
84%), ratioE/Z: 76:24, mp: 224 °C (I 220 °C, decom.).
(E,Z)-3-((2,4-Dimethoxyphenyl)imino)indolin-2-one (14)3* Reagents: isatin (250 mg,
1.7 mmol), 2,4-dimethoxyaniline (260.3 mg, 1.7 mmdMT-K10 (34 mg) and
toluene (1 mL). Reaction conditions: 6 min at 100 Yhe crude product was purified
by IsoleraOne (water/acetonitrile 3:2) to afford @mange-red solid (223.2 mg, 47%),
ratio E/Z: 83:17, mp: 216-217 °C.

(E,Z)-3-((3,4-Dimethoxyphenyl)imino)indolin-2-one (15): Reagents: isatin (250 mg,
1.7 mmol), 3,4-dimethoxyaniline (260.3 mg, 1.7 mmdMT-K10 (34 mg) and
toluene (1 mL). Reaction conditions: 6 min at 100 Yhe crude product was purified
by IsoleraOne (water/acetonitrile 4:1) to afford @ange-red solid (312.7 mg, 65%),
ratio E/Z: 83:17, mp: 265-266 °C. IsomEr 'H-NMR (400 MHz, DMSO#): & 10.91
(s, 1H), 7.31 (tdJ = 7.7, 1.4 Hz, 1H), 7.03 — 6.99 (m, 1H), 6.86 Mt 7.9, 0.8 Hz,



1H), 6.74 (dJ = 1.9 Hz, 1H), 6.70 — 6.64 (m, 2H), 6.51 (dd; 8.4, 2.3 Hz, 1H), 3.76
(s, 3H), 3.68 (s, 3H)**C-NMR (100 MHz, DMSOds): 5 164.4, 155.2, 150.2, 147.4,
147.1, 144.1, 134.9, 125.8, 122.4, 116.4, 113.2,111109.9, 103.8, 56.4, 56.1. Isomer
Z: 'H-NMR (400 MHz, DMSOdg): & 10.80 (s, 1H), 7.54 — 7.49 (m, 1H), 7.38 (d
7.7, 1.3 Hz, 1H), 7.03 — 6.99 (m, 1H), 6.93 — 688 1H), 6.86 (dtJ = 7.9, 0.8 Hz,
1H), 6.81 (dtJ = 7.7, 0.8 Hz, 1H), 6.74 (d,= 1.9 Hz, 1H), 3.74 (s, 3H), 3.69 (s, 3H).
MS (ESI+): m/z 283 [M + H]. Anal. ¢H14N203 (C, H, N, O).
(E,Z)-3-(2,2-Diphenylhydrazono)indolin-2-one (16): Reagents: isatin (250 mg, 1.7
mmol), 2,2-diphenylhydrazine hydrochloride (220.9,mM..7 mmol), MMT-K10 (34
mgq), triethylamine (171.9 mg, 1.7 mmol) and tolu¢BemL). Reaction conditions: 6
min at 100 °C. The crude product was purified mfeisaOne (water/acetonitrile 7:3) to
afford a green-yellow solid (394.8 mg, 74%), rafiZ: 95:5, mp: 246 — 248 °C (ff.
245 — 246 °C).

(E,Z)-3-(Benzhydrylimino)indolin-2-one (17)*: Reagents: isatin (250 mg, 1.7 mmol),
diphenylmethanamine (311.3 mg, 1.7 mmol) and MMTK({34 mg). Reaction
conditions: 20 min at 100 °C. The crude product vpasified by IsoleraOne
(water/acetonitrile 7:3) to afford an orange-yellealid (255.1 mg, 48%), rati&/Z:
35:65, mp: 173-174 °C.

(E,Z)-3-(2-(4-Tolyl)hydrazono)indolin-2-one (18): Reagents: isatin (250 mg, 1.7
mmol), 4-tolylhydrazine hydrochloride (269.5 mg7 amol), triethylamine (171.9 mg,
1.7 mmol), MMT-K10 (34 mg) and toluene (3 mL). Reaw conditions: 10 min at 100
°C. The crude product was purified by IsoleraOnatéwacetonitrile 7:3) to afford an
orange solid (104.1 mg, 24%), rafit6Z: 14:86, mp: 224-225 °C. Isom&r ‘H-NMR
(400 MHz, DMSOsg): 6 12.71 (s, 1H), 10.97 (s, 1H), 7.50 gds 7.3 Hz, 1H), 7.33 (d,
J=28.5Hz, 2H), 7.23 (td] = 7.7, 1.3 Hz, 1H), 7.18 (d,= 8.5 Hz, 2H), 7.04 (tdd] =
7.6, 1.6, 0.9 Hz, 1H), 6.95 — 6.88 (m, 1H), 2.243(d). *C-NMR (100 MHz, DMSO-
dg): 0 163.9, 140.9, 140.2, 132.7, 130.6, 128.9, 12728,5], 121.9, 119.1, 114.7, 111.1,
21.1. MS (ESI+): m/z 252 [M + 1]. Anal.1€H:aN30 (C, H, N, O).
(E,Z2)-3-(Piperidin-1-ylimino)indolin-2-one (19): Reagents: isatin (250 mg, 1.7
mmol), piperidin-1-amine (170.2 mg, 1.7 mmol) andHK10 (34 mg). Reaction
conditions: 10 min at 100 °C. The crude product vpasified by IsoleraOne
(water/acetonitrile 4:1) to afford an orange s¢885.0 mg, 86%), rati&/Z: 46:54, mp:
142-143 °C (lit° 141 — 142 °C).



(E,Z)-3-(Morpholinoimino)indolin-2-one (20): Reagents: isatin (250 mg, 1.7 mmol),
morpholin-4-amine (173.6 mg, 1.7 mmol) and MMT-KB4 mg). Reaction conditions:
10 min at 100 °C. The crude product was purifieddmoyeraOne (water/acetonitrile 4:1)
to afford an orange solid (354.5 mg, 59%), ré&id: 88:12, mp: 184 — 186 °C (fit.186

— 188 °C).

(E,Z2)-3-(2-Benzyl-2-phenylhydrazono)indolin-2-one (21): Reagents: isatin (350 mg,
2.4 mmol), 1-benzyl-1-phenylhydrazine hydrochlor{&&8.4 mg, 2.37 mmol), MMT-
K10 (47.6 mg), triethylamine (239.8 mg, 2.37 mmai)d toluene (3 mL). Reaction
conditions: 40 min at 110 °C. The crude product wasified by column
chromatography (dichloromethane/methanol 30:1)fforéh an orange solid (29.2 mg,
4%), ratioE/Z: 56:44, mp: 157 — 158 °C. IsometZ: *H-NMR (400 MHz, DMSO#k):
510.75 (s, 1H), 10.66 (s, 1H), 7.61 — 7.47 (m, 40 — 7.32 (m, 1H), 7.33 — 6.96 (m,
18H), 6.91 (ddJ = 7.9, 0.8 Hz, 1H), 6.83 — 6.77 (m, 2H), 6.61 (e, 7.8, 1.1 Hz, 1H),
6.27 (s, 2H), 6.26 — 6.20 (m, 1H), 5.23 (s, 2HC-NMR (100 MHz, DMSOdg): &
166.1, 159.2, 147.5, 147.2, 143.8, 140.2, 139.@.313137.5, 131.2, 129.8, 129.1,
128.8, 128.2, 128.0, 127.5, 127.1, 126.2, 125.5.4,2124.7, 124.3, 123.4, 122.2,
121.6, 120.8, 120.0, 118.1, 116.4, 112.9, 110.9,2,163.6, 58.5. MS (ESI+): m/z 328
[M + H]. Anal. G,;H317N30 (C, H, N, O).
(E/Z)-1-Benzyl-3-((4-fluorophenyl)imino)indolin-2-one  (30)*>  Reagents:  1-
benzylindoline-2,3-dione (200 mg, 0.8 mmol), 4-floaniline (93.7 mg, 0.8 mmol),
MMT-K10 (27 mg) and toluene (1 mL). Reaction coradis: 30 min at 100 °C. The
crude product was purified by IsoleraOne (watetfautrile 10:1) to afford an orange
solid (243.6 mg, 88%), rati&/Z: 77:23, mp: 200-201 °C.

(E/Z)-3-((4-M ethoxyphenyl)imino)-1-phenylindolin-2-one  (31)** Reagents: 1-
benzylindoline-2,3-dione (100 mg, 0.4 mmol), 4-nwatyaniline (527 mg, 0.4 mmol),
MMT-K10 (13 mg) and toluene (5 mL). Reaction comis: 1 h at 100 °C. The crude
product was purified by column chromatography (ticbmethane) to afford an orange
solid (103 mg, 72%), rati&/Z: 80:20, mp: 153-154 °C.
(E/Z)-3-((4-Bromophenyl)imino)-1-methylindolin-2-one  (32): Reagents: 1-
methylindoline-2,3-dione (205 mg, 1.3 mmol), 4-baniline (218 mg, 1.3 mmol),
MMT-K10 (26 mg) and toluene (5 mL). Reaction coradis: 90 min at 100 °C. The
crude product was purified by column chromatografamoroform) to afford an orange
solid (196 mg, 49%), rati&/Z: 76:24, mp: 148-149 °C ([ff. 148 °C).



(E,Z)-5-Chloro-3-(2,2-diphenylhydrazono)indolin-2-one  (33): Reagents:  5-
chloroisatin (250 mg, 1.4 mmol), 2,2-diphenylhydnazhydrochloride (254.0 mg, 1.4
mmol), triethylamine (139.0 mg, 1.4 mmol), MMT-KXQ7 mg) and toluene (6 mL).
Reaction conditions: 30 min at 100 °C. The crudmlpct was purified by IsoleraOne
(water/acetonitrile 7:3) to afford a yellow soli2l84.1 mg, 59%), rati&/Z: 85:15, mp:
305-306 °C (lif® 305-306 °C).

(E,Z)-5-Fluor 0-3-(2,2-diphenylhydrazono)indolin-2-one  (34): Reagents:  5-
fluoroisatin (250 mg, 1.5 mmol), 2,2-diphenylhydreez hydrochloride (279.0 mg, 1.5
mmol), triethylamine (153.0 mg, 1.5 mmol), MMT-KX80 mg) and toluene (5 mL).
Reaction conditions: 1 h at 100 °C. The crude prbdmas purified by column
chromatography (dichloromethane) to afford a braehd (138 mg, 27%), rati&/Z:
96:4, mp: 228-229 °C. Isomer *H-NMR (400 MHz, DMSOd): 5 10.65 (s, 1H), 7.49
(m, 4H), 7.34 (m, 6H), 6.94 (ddd,= 9.1, 8.5, 2.6 Hz, 1H), 6.73 (dd= 8.5, 4.7 Hz,
1H), 4.86 (dd,) = 10.5, 2.6 Hz, 1H)*C-NMR (100 MHz, DMSOd): 5 166.6, 157.37
(d,J =234.0 Hz), 146.0, 139.9 (d~ 1.5 Hz), 131.3, 130.3, 127.2, 123.9, 117.1,
8.8 Hz), 116.8 (dJ = 23.7 Hz), 112.7 (dJ = 27.8 Hz), 111.1 (d) = 8.1 Hz). MS
(ESI+): m/z 332 [M + 1]. Anal. §H14FNsO (C, H, N, O).
(E,Z)-7-Chloro-3-(2,2-diphenylhydrazono)indolin-2-one  (35): Reagents:  7-
chloroisatin (250 mg, 1.4 mmol), 2,2-diphenylhydn&zhydrochloride (254.0 mg, 1.4
mmol), triethylamine (139.0 mg, 1.4 mmol), MMT-KXQ7 mg) and toluene (2 mL).
Reaction conditions: 1 h at 100 °C. The crude pcbdavas purified by IsoleraOne
(water/acetonitrile 4:1) to afford a yellow soli@4@4 mg, 72%), ratide/Z: 92:8, mp:
208-209 °C, IsomeE: *H-NMR (400 MHz, DMSOd): & 11.05 (s, 1H), 7.46 (m, 4H),
7.32 (m, 6H), 7.15 (dd] = 8.2, 0.9 Hz, 1H), 6.41 (§,= 8.0 Hz, 1H), 5.23 (dd} = 7.9,
0.9 Hz, 1H)."*C-NMR (100 MHz, DMSOdg): & 166.5, 145.9, 141.0, 131.9, 130.3,
129.8, 127.1, 124.0, 123.8, 122.8, 122.2, 118.3(EHS+): m/z 350 [M + 3H], 348 [M
+ HJ. Anal. GoH14CIN3O (C, H, N, O).
(E/Z2)-5-Bromo-3-(2,2-diphenylhydrazono)indolin-2-one  (36):  Reagents:  5-
bromoisatin (500 mg, 2.2 mmol), 2,2-diphenylhydngzhydrochloride (485.5 mg, 2.2
mmol), MMT-K10 (44 mg), triethylamine (222.6 mg,22mmol) and toluene (3 mL).
Reaction conditions: 10 min at 110 °C. The crudmlpct was purified by IsoleraOne
(water/acetonitrile 7:3) to afford a yellow solid10.4 mg, 49%), rati&/Z: 91:9, mp:
242 — 244 °C. IsomeE: *H-NMR (500 MHz, DMSOek): 3 10.75 (s, 1H), 7.48 — 7.42



(m, 4H), 7.36 — 7.31 (m, 6H), 7.23 (dil= 8.2, 2.1 Hz, 1H), 6.69 (d,= 8.2 Hz, 1H),
5.09 (d,J = 2.1 Hz, 1H)*C-NMR (125 MHz, DMSOs): 5 165.9, 145.5, 142.3, 132.4,
130.1, 129.9, 127.8, 127.1, 123.7, 117.9, 113.@,QLIsomerZ: *H-NMR (500 MHz,
DMSO-dg): 8 10.75 (s, 1H), 7.63 — 7.62 (m, 1H), 7.48 (m, 4HB6 — 7.31 (m, 6H),
7.18 (m, 1H), 6.73 (dJ = 8.7 Hz, 1H). MS (ESI+): m/z 394 [M + 3H], 392 [M H].
Anal. GoH14BrN3O (C, H, N, O).
(E)-3-(2,2-Diphenylhydrazono)-5-(trifluoromethoxy)indolin-2-one (37): Reagents:
5-trifluoromethoxyisatin (500 mg, 2.2 mmol), 2,%denylhydrazine hydrochloride
(485.5 mg, 2.2 mmol), MMT-K10 (44 mg), triethylarei{222.6 mg, 2.2 mmol) and
toluene (3 mL). Reaction conditions: 40 min at 2C0 The crude product was purified
by column chromatography (dichloromethane/meth&fol) to afford a yellow solid
(48 mg, 8%), mp: 230 — 231 °H-NMR (300 MHz, DMSO#ds): 5 10.82 (s, 1H), 7.48
—7.33 (m, 10H), 7.13 — 7.09 (m, 1H), 6.83 Jds 8.6 Hz, 1 H), 4.99 (d] = 1.6 Hz,
1H). **C-NMR (100 MHz, DMSOde): & 165.8, 145.2, 141.9, 129.9, 129.6, 123.2,
123.0, 118.6, 116.4, 110.5. MS (ESI+): m/z 3984M)]. Anal. GiH14FsNsO- (C, H,
N, O).

(E)-3-(2,2-Diphenylhydrazono)-5-methoxyindolin-2-one  (38):  Reagents:  5-
methoxyisatin (500 mg, 2.8 mmol), 2,2-diphenylhyina hydrochloride (622.4 mg,
2.8 mmol), MMT-K10 (56.4 mg), triethylamine (284mg, 2.8 mmol) and toluene (3
mL). Reaction conditions: 40 min at 110 °C. Thederproduct was purified by column
chromatography (dichloromethane/methanol 40:1)faréa yellow solid (20 mg, 6%),
mp: 203 — 204 °C'H-NMR (400 MHz, DMSO#€): 5 10.45 (s, 1H), 7.46 — 7.41 (m,
4H), 7.30 — 7.24 (m, 6H), 6.70 (ddi= 8.5, 2.4 Hz, 1H), 6.60 (d,= 8.5 Hz, 1H), 5.27
(d, J= 2.4 Hz, 1H), 3.30 (s, 3H)}>C-NMR (100 MHz, DMSOd): & 166.4, 154.4,
146.5, 137.7, 135.4, 130.3, 130.2, 123.6, 56.2.KSI{): m/z 344 [M + H]. Anal.
Co1H17N3O; (C, H, N, O).

(E,Z)-5-Chloro-3-(piperidin-1-ylimino)indolin-2-one (39): Reagents: 5-chloroisatin
(250 mg, 1.4 mmol), piperidin-1-amine (137.0 mg} dhmol), MMT-K10 (27 mg) and
toluene (5 mL). Reaction conditions: 30 min at 2Q0 The final product was obtained
without further purification as a yellow solid (327g, 91%), ratide/Z: 18:82, mp: 193-
194 °C. IsomeZ: *H-NMR (400 MHz, DMSOe): 5 10.63 (s, 1H), 7.18 (d,= 2.2 Hz,
1H), 7.04 (dd,) = 8.2, 2.2 Hz, 1H), 6.73 (d,= 8.2 Hz, 1H), 4.08 — 3.95 (m, 4H), 1.73 —
1.54 (m, 6H).**C-NMR (100 MHz, DMSOds): & 159.1, 137.5, 130.4, 126.0, 125.8,



121.4, 117.6, 111.0, 58.6, 26.7, 23.8. IsomerH-NMR (400 MHz, DMSOek): &
10.72 (s, 1H), 7.31 (ddl = 8.3, 2.1 Hz, 1H), 7.16 (d,= 2.1 Hz, 1H), 6.86 (d] = 8.3
Hz, 1H), 3.30 — 3.25 (m, 4H), 1.73 — 1.54 (m, 68E&-NMR (100 MHz, DMSOds): &
165.7, 142.2, 137.3, 128.2, 126.1, 124.9, 117.2,4156.8, 25.7, 23.8. MS (ESI+):
m/z 266 [M + 3H], 264 [M + H]. Anal. GH14CIN3O (C, H, N, O).

(E,Z)-5-Fluor o-3-(piperidin-1-ylimino)indolin-2-one (40): Reagents: 5-fluoroisatin
(250 mg, 1.5 mmol), piperidin-1-amine (152.0 md¢ tamol), MMT-K10 (30 mg) and
toluene (5 mL). Reaction conditions: 30 min at 200 The crude product was purified
by column chromatography (dichloromethane/methd®@l1) to afford a yellow solid
(311.6 mg, 83%), ratide/Z: 30:70, mp: 169-170 °C. Isom& *H-NMR (400 MHz,
DMSO-dg): & 10.55 (s, 1H), 7.01 (ddd,= 8.9, 6.7, 2.7 Hz, 1.5H), 6.87 (m, 1.5H), 6.73
(dd, J = 8.4, 4.4 Hz, 1H), 4.04 (m, 4H), 1.77 — 1.48 @h{). *C-NMR (100 MHz,
DMSO-dg): 8 159.4, 158.6 (dJ = 234.4 Hz), 135.0 (d] = 1.3 Hz), 127.8 (d) = 8.8
Hz), 122.4, 112.8 (d] = 24.0 Hz), 110.3 (d] = 8.2 Hz), 105.0 (dJ = 25.4 Hz), 58.5,
26.6, 23.8, IsomeE: 'H-NMR (400 MHz, DMSOd): & 10.64 (s, 0.5H), 7.15 (ddd,=
9.4, 8.5, 2.6 Hz, 0.5H), 7.01 (dd#i= 8.9, 6.7, 2.7 Hz, 1.5H), 6.87 (m, 1.5H), 3.3Q (m
2H), 1.77 — 1.48 (m, 9H}*C-NMR (100 MHz, DMSOds): 5 166.0, 158.2 (dJ = 235.8
Hz), 139.9, 138.2, 117.2 (d,= 23.5 Hz), 116.8 (d] = 8.3 Hz), 112.4 (d) =26.1 Hz),
111.7, 56.8, 25.7, 23.9. MS (ESI+): m/z 248 [M }+ Anal. Ci3H14FN:O (C, H, N, O).
(E,Z)-7-Chloro-3-(piperidin-1-ylimino)indolin-2-one (41): Reagents: 7-chloroisatin
(250 mg, 1.4 mmol), piperidin-1-amine (137 mg, infol), MMT-K10 (27 mg) and
toluene (5 mL). Reaction conditions: 30 min at 200 The crude product was purified
by column chromatography (dichloromethane/methd0@k1) to afford a yellow solid
(171.6 mg, 47%), ratid/Z: 25:75, mp: 151-152 °C. Isom& *H-NMR (400 MHz,
DMSO-dg): 8 10.93 (s, 1H), 7.19 (ddd,= 7.6, 4.5, 1.0 Hz, 1H), 7.09 (dd= 8.1, 1.0
Hz, 1H), 6.88 (dddJ = 8.1, 7.5, 0.5 Hz, 1H), 4.82 — 3.77 (m, 4H), 1-75.53 (m, 6H).
13C-NMR (100 MHz, DMSOdg): & 159.0, 135.9, 130.5, 128.1, 126.2, 122.6, 116.7,
114.0, 58.6, 26.7, 23.7. Isonmer'H-NMR (400 MHz, DMSO#d): 511.02 (s, 1H), 7.33
(dd,J=8.2, 0.9 Hz, 1H), 7.19 (ddd,= 7.6, 4.5, 1.0 Hz, 1H), 7.09 — 7.00 (m, 1H), 3.31
—3.25 (m, 1H), 1.75 — 1.53 (m, 9HJC-NMR (100 MHz, DMSOd): & 165.9, 140.8,
137.3, 124.1, 123.5, 122.1, 118.1, 115.2, 56.87,283.9. MS (ESI+): m/z 266 [M +
3H], 264 [M + H]. Anal G3H14CIN3O (C, H, N, O).



(E,Z)-5-Bromo-3-(piperidin-1-yimino)indolin-2-one (42): Reagents: 5-Bromoisatin
(500 mg, 2.2 mmol), piperidin-1-amine (220.4 mg 2amol), MMT-K10 (44 mg),
triethylamine (222.6 mg, 2.2 mmol) and toluene (3.nReaction conditions: 40 min at
110 °C. The crude product was purified by column rogfatography
(dichloromethane/methanol 30:1) to afford a yellsalid (42.2 mg, 6%), ratid/Z:
23:77, mp: 168 — 170 °C. Isomér *H-NMR (400 MHz, DMSOsg): & 10.63 (s, 1H),
7.30 (d,J = 2.1 Hz, 1H), 7.16 (dd] = 8.2, 2.0 Hz, 1H), 6.68 (d,= 8.2, 0.5 Hz, 1 H),
4.08 (t,J = 5.6 Hz, 4H), 1.72 — 1.55 (m, 6HYC-NMR (100 MHz, DMSOdg): 5 158.9,
142.6, 137.6, 128,8, 120.4, 113.5, 111.5, 58.67,2B3.8. IsomeE: *H-NMR (400
MHz, DMSO-de): 5 10.73 (s, 1H), 7.45 (dd, = 8.3, 2.1 Hz, 1H), 7.30 (d,= 2.1 Hz,
1H), 6.82 (dJ = 8.2 Hz, 1H), 3.29 () = 5.7 Hz, 1H), 1.72 — 1.55 (m, 9C-NMR
(100 MHz, DMSO#¢): 6 165.5, 121.2, 56.8, 25.7. MS (ESI+): m/z 310 [NH], 308
[M + H]. Anal. C1aH14BrNsO (C, H, N, O).

(E,Z2)-5-M ethoxy-3-(piperidin-1-ylimino)indolin-2-one  (43): Reagents: 5-
Methoxyisatin (350.0 mg, 2.0 mmol), piperidin-1-a@i(198.3, 2.0 mmol) y MMT-
K10 (39.6 mg) and toluene (3 mL). Reaction cond&io40 min at 110 °C. The final
product was obtained without further purificatiom @ orange solid (260 mg, 51%),
ratio E/Z: 40:60, mp: 173 — 175 °C. Ison&r'H-NMR (400 MHz, DMSO#): 5 10.33
(s, 1H), 6.93 — 6.84 (m, 1H), 6.80 (dtk 1.6, 0.9 Hz, 1H), 6.65 — 6.60 (m, 1H), 3.91 —
3.89 (m, 4H), 3.67 (s, 3H), 1.83 — 1.38 (m, 8f0)-NMR (100 MHz, DMSOds): &
159.4, 155.2, 141.6, 133.0, 117.1, 112.3, 111.8,91(%8.4, 56.0, 26.6, 24.1. Isonter
'H-NMR (400 MHz, DMSO€): 5 10.43 (s, 1H), 6.93 — 6.84 (m, 1H), 6.78 (d¢; 8.2,
0.7 Hz, 1 H), 6.65 — 6.60 (m, 1H), 3.71 (s, 3820 — 3.15 (m, 4H), 1.83 — 1.38 (m,
6H). 3C-NMR (100 MHz, DMSO+dg): 6 165.9, 155.1, 126.9, 110.40, 56.4, 56.2, 23.9,
23.8. MS (ESI+): m/z 260 [M + 1]. Anal..@¢1:N30; (C, H, N, O).
(E,Z)-5-Chloro-3-(morpholinoimino)indolin-2-one (44): Reagents: 5-chloroisatin
(250 mg, 1.4 mmol), morpholin-4-amine (141 mg, thehol), MMT-K10 (27 mg) and
toluene (5 mL). Reaction conditions: 1 h at 100 P@e crude product was purified by
column chromatography (dichloromethane/methanol:1)0@ afford a yellow solid
(280.8 mg, 77%), rati®/Z: 26:74, mp: 192-193 °C. Isom& ‘H-NMR (400 MHz,
DMSO-dg): § 10.79 (s, 1H), 7.25 (d] = 2.1 Hz, 1H), 7.14 (dd] = 8.2, 2.2 Hz, 1H),
6.79 (d,J = 8.2 Hz, 1H), 4.04 (dd] = 6.2, 3.6 Hz, 4H), 3.80 (m, 4H)*C-NMR (100
MHz, DMSO-g): 6 159.1, 138.1, 127.3, 127.0, 126.0, 124.5, 11813,3, 66.6, 57.7.



IsomerE: *H-NMR (400 MHz, DMSO#k): 3 10.84 (s, 1H), 7.39 (dd, = 8.4, 2.1 Hz,
1H), 7.29 (dJ = 2.1 Hz, 1H), 6.90 (d] = 8.3 Hz, 1H), 3.80 (m, 4H), 3.29 (m, 4HiC-
NMR (100 MHz, DMSO+dg): & 165.3, 143.0, 141.1, 131.5, 126.3, 125.8, 11712,6]
66.1, 56.0. MS (ESI+): m/z 268 [M + 3H], 266 [MH]. Anal. C;2H1,CIN3O (C, H, N,
0).

(E,Z)-5-Fluor 0-3-(mor pholinoimino)indolin-2-one (45): Reagents: 5-fluoroisatin (250
mg, 1.5 mmol), morpholin-4-amine (155 mg, 1.5 mmM&)MT-K10 (30 mg) and
toluene (5 mL). Reaction conditions: 30 min at 200 The crude product was purified
by column chromatography (dichloromethane/methd0@k1) to afford a yellow solid
(149.2 mg, 40%), ratid/Z: 30:70, mp: 191-192 °C. Isom&s *H-NMR (400 MHz,
DMSO-dg): 6 10.66 (s, 1H), 7.01 (dd,= 8.7, 2.7 Hz, 1H), 6.90 (ddd,= 9.8, 8.4, 2.7
Hz, 1H), 6.76 — 6.70 (m, 1H), 4.03 — 3.96 (m, 481Y,7 — 3.71 (m, 4H)**C-NMR (100
MHz, DMSO-g): 6 159.4, 158.7 (d) = 235.1 Hz), 135.8 (dl = 1.1 Hz), 126.9 (d] =
9.0 Hz), 125.7 (dJ = 3.3 Hz), 113.9 (d] = 24.0 Hz), 110.7 (d] = 8.4 Hz), 105.7 (d)

= 25.2 Hz), 66.6, 57.6. Isomer *H-NMR (400 MHz, DMSOdg): & 10.70 (s, 1H), 7.17
(ddd,J = 9.5, 8.5, 2.6 Hz, 1H), 7.10 (ddi= 8.8, 2.6 Hz, 1H), 6.85 (dd,= 8.6, 4.5 Hz,
1H), 3.82 — 3.77 (m, 4H), 3.27 — 3.21 (m, 4HC-NMR (100 MHz, DMSOds): &
165.6, 158.2 (dJ = 236.8 Hz), 141.9 (dl = 2.5 Hz), 140.6 (d] = 1.6 Hz), 118.4 (d] =
23.6 Hz), 116.3 (d) = 8.6 Hz), 113.5 (dJ = 25.8 Hz), 112.0 (d] = 8.1 Hz), 66.1, 56.0.
MS (ESI+): m/z 250 [M + H]. Anal. GH1,FN3O; (C, H, N, O).
(E,Z)-7-Chloro-3-(morpholinoimino)indolin-2-one (46): Reagents: 7-chloroisatin
(250 mg, 1.4 mmol), morpholin-4-amine (141 mg, thehol), MMT-K10 (27 mg) and
toluene (5 mL). Reaction conditions: 1 h at 100 P@e crude product was purified by
column chromatography (dichloromethane/methanol:1)0@ afford a yellow solid
(204.6 mg, 56%), rati&/Z: 26:74, mp: 178-179 °C (Iff. 180 — 181 °C).
(E,Z)-5-Bromo-3-(mor pholinoimino)indolin-2-one (47): Reagents: 5-bromoisatin
(500 mg, 2.2 mmol), morpholin-4-amine (224.7 m@ &mol), MMT-K10 (44 mg)
and toluene (3 mL). Reaction conditions: 40 mirnla0 °C. The crude product was
purified by column chromatography (dichloromethamethanol 30:1) to afford a
yellow solid (28 mg, 10%), rati&/Z: 25:75, mp: 191 — 193 °C. Isomér ‘H-NMR
(400 MHz, DMSO#k): 6 10.78 (s, 1H), 7.35 (d, = 2.0 Hz, 1H), 7.24 (dd] = 8.2, 2.0
Hz, 1H), 6.73 (dJ = 8.2 Hz, 1H), 4.02 (t) = 4.9 Hz, 4H), 3.85 — 3.71 (m, 4HYC-
NMR (100 MHz, DMSO+dg): & 158.9, 141.1, 138.4, 129.8, 124.3, 121.0, 11317,9,



66.7, 57.7._IsomeE: "H-NMR (400 MHz, DMSOe): & 10.82 (s, 1H), 7.49 (ddl =
8.3, 1.9 Hz, 1H), 7.39 (d,= 2.0 Hz, 1H), 6.84 (d] = 8.2 Hz, 1H), 3.85 — 3.71 (m, 4H),
3.20 (m, 4H).*C-NMR (100 MHz, DMSOds): 5 165.2, 143.4, 134.4, 127.8, 114.0,
66.1, 56.0. MS (ESI+): m/z 313 [M + 3H], 310 [MH}. Anal. C2H1,BrN3O, (C, H, N,
0).

(E,2)-5-(Trifluoromethoxy)-3-mor pholinoimino)indolin-2-one (48): Reagents: 5-
trifluoromethoxyisatin (350.0 mg, 1.5 mmol), morfihe4d-amine (268.4, 1.5 mmol),
MMT-K10 (30.2 mg) and toluene (3 mL). Reaction ciiods: 40 min at 110 °C. The
final product was obtained without further puriticem as a yellow solid (392.1 mg,
83%), ratioE/Z: 12:88, mp: 153 — 154 °C. Ison®Z: *H-NMR (400 MHz, DMSOd):
510.81 (s, 1H), 7.13 (dd,= 2.5, 1.2 Hz, 1H), 7.10 — 7.02 (m, 1H), 6.80Jd; 8.4 Hz,
1H), 4.05 — 3.95 (m, 4H), 3.78 — 3.73 (m, 4FC-NMR (100 MHz, DMSOdg): &
159.3, 143.7, 138.2, 126.9, 124.5, 121.0)(g,254 Hz), 120.4, 112.6, 110.7, 66.6, 57.3.
MS (ESI+): m/z 316 [M + H]. Anal. GH1,F3N305 (C, H, N, O).

(E,Z)-5-M ethoxy-3-(mor pholinoimino)indolin-2-one (49): Reagents: 5-
methoxyisatin (350.0 mg, 2.0 mmol), morpholin-4-aen{202.2 mg, 2.0 mmol), MMT-
K10 (39.6 mg) and toluene (3 mL). Reaction cond&io40 min at 110 °C. The final
product was obtained without further purificatiom @ orange solid (167 mg, 32 %),
ratio E/Z: 30:70, mp: 168 — 170 °C. Isom&r'H-NMR (500 MHz, DMSOdg): 5 10.49
(s, 1H), 6.95 — 6.94 (m, 1H), 6.71 (db> 8.4, 2.4 Hz, 1H), 6.68 (dd,= 8.4, 0.7 Hz,
1H), 3.96 — 3.85 (m, 4H), 3.79 — 3.73 (m, 4H), 3(89 3H). °C-NMR (125 MHz,
DMSO-tg): & 159.3, 155.3, 144.1 138.3, 126.0, 112.7, 110.3,51066.5, 57.3, 56.1.
IsomerE: *H-NMR (500 MHz, DMSOdg): & 10.52 (s, 1H), 6.93 (dl = 2.6 Hz, 1H),
6.85 (d,J = 2.2 Hz, 1H), 6.80 (dd] = 7.9, 0.9 Hz, 1H), 3.84 — 3.78 (m, 4H), 3.70 (s,
3H), 3.21 — 3.15 (m, 4H)*C-NMR (125 MHz, DMSOde): & 165.1, 155.2, 133.9,
128.3, 118.1, 117.9, 111.7, 66.1, 56.2, 55.8. MSI{E m/z 262 [M + H]. Anal.
Ci13H15N303 (C, H, N, O).

(E,Z)-5-1odo-3-(mor pholinoimino)indolin-2-one (50): Reagents: 5-lodoisatin (350.0
mg, 1.3 mmol), morpholin-4-amine (226.7 mg, 1.3 MmMBIMT-K10 (25.6 mg) and
toluene (3 mL). Reaction conditions: 40 min at 2C0 The final product was obtained
without further purification as a yellow solid (2#6g, 72%), ratice/Z: 30:70, mp: 198
— 199 °C. IsomeZ: *H-NMR (300 MHz, DMSOdg): 5 10.76 (s, 1H), 7.65-7.63 (dd=
8.2, 1.7 Hz, 1H), 7.42 — 7.40 (dd, J = 8.1, 1.8 H), 6.63 (d,J = 8.1 Hz, 1H), 4.01 —



3.99 (m, 4H), 3.77 — 3.75 (m, 4HY'C-NMR (100 MHz, DMSOdg): & 158.4, 141.2,
138.3, 134.9, 127.8, 126.1, 111.7, 84.0, 66.4, .5BGmerE: *H-NMR (300 MHz,
DMSO-tg): 6 10.76 (s, 1H), 7.65 — 7.63 (dd, J = 8.2, 1.7 H),7.57 (d,J = 1.7 Hz,
1H), 6.74 (dJ = 8.2 Hz, 1H), 3.77 — 3.75 (m, 4H), 3.25 — 3.23 4i). "*C-NMR (100
MHz, DMSO-dg): & 164.7, 143.6, 138.3, 133.9, 113.3, 85.02, 65.83 B&S (ESI+):
m/z 358 [M + H]. Anal. G;H12IN50, (C, H, N, O).

Synthesis of N-substituted compounds 22-E8r the synthesis of these compounds we
followed the procedure described by Ottenial’® In our case, the crude was purified
by column chromatography using chloroform as eluent
(E,Z)-3-(2,2-Diphenylhydrazono)-1-methylindolin-2-one (22): Reagents: H,Z)-3-
(2,2-diphenylhydrazono)indolin-2-one (100 mg, 0.Bat), dimethyl sulfate (50.2 mg,
0.4 mmol), KOH (22.3 mg, 0.4 mmol), ethanol (3 mand acetone (3 mL). Final
product: orange solid (273.9 mg, 86%), rafiZ: 91:9, m.p: 193-194 °C. (Ift. 194 —
195 °C).

(E,2)-1-Benzyl-3-(2,2-Diphenylhydrazono)indolin-2-one (23): Reagents: H,Z)-3-
(2,2-diphenylhydrazono)indolin-2-one (100 mg, 0.&ah), benzyl bromide (68.2 mg,
0.4 mmol), KOH (22.3 mg, 0.4 mmol), ethanol (3 mand acetone (3 mL). Final
product: orange solid (110.5 mg, 96%), rdf@: 80:20, m.p: 177 — 178 °C. Isonier
'H-NMR (400 MHz, DMSO#€): 8 7.52 — 7.40 (m, 4H), 7.35 — 7.26 (m, 9H), 7.26 —
7.16 (m, 2H), 7.06 (td) = 7.8, 1.2 Hz, 1H), 6.91 — 6.81 (m, 1H), 6.42 (e; 7.7, 1.1
Hz, 1H), 5.34 (dddJ = 7.9, 1.2, 0.5 Hz, 1H), 4.94 (s, 2HFC-NMR (100 MHz,
DMSO-dg): & 165.4, 146.6, 146.2, 143.7, 137.1, 132.3, 1302R.8, 129.2, 128.0,
127.8, 126.9, 125.6, 122.8, 121.9, 109.8, 43.3.(ESI+): m/z 404 [M + H]. Anal.
Co7/H21N30, (C, H, N, O).

(E,Z2)-1-M ethyl-3-(piperidin-1-ylimino)indolin-2-one  (24): Reagents: H,Z2)-3-
(piperidin-1-ylimino)indolin-2-one (250 mg, 1.1 mModimethyl sulfate (137 mg, 1.1
mmol), KOH (76 mg, 1.4 mmol), ethanol (10 mL) armtwne (10 mL). Final product:
orange oil (78 mg, 29%), ratl/Z: 49:61. IsomeZ: *H-NMR (400 MHz, DMSOd): &
7.31 (dddJ=7.5, 1.2, 0.6 Hz, 1H), 7.17 (td= 7.7, 1.2 Hz, 1H), 6.96 (m, 2H), 4.00 (t,
4H), 3.18 (s, 3H), 1,72 (m, 4H), 1,61 (m, 2HJC-NMR (100 MHz, DMSOd): &
157.4, 140.3, 139.7, 127.1, 124.9, 122.1, 118.8,61(%8.3, 26.6, 25.6, 23.9. Isonter
'H-NMR (400 MHz, DMSOek): 8 7.39 (td,J = 7.7, 1.2 Hz, 1H), 7.35 (ddd= 7.7, 1.3,
0.6 Hz, 1H), 7.13 (tdJ = 7.6, 1.0 Hz, 1H), 7.07 (m, 1H), 3.25 (m, 4H)LB(s, 3H),



1.72 (m, 4H), 1,61 (m, 2H)>C-NMR (100 MHz, DMSOds): 5 164.5, 145.0, 139.7,
131.5, 125.7, 123.0, 122.9, 109.7, 56.7, 26.6,,289. MS (ESI+): m/z 244 [M + H].
Anal. G4H17N30 (C, H, N, O).

(E,Z2)-1-Benzyl-3-(piperidin-1-ylimino)indolin-2-one  (25): Reagents: H,Z2)-3-
(piperidin-1-ylimino)indolin-2-one (250 mg, 1.1 miobenzyl bromide (186 mg, 1.1
mmol), KOH (78 mg, 1.4 mmol), ethanol (10 mL) armti@mne (10 mL). Final product:
yellow solid (85 mg, 24%), rati&/Z: 33:67, m.p: 127-128 °C. Isomér *H-NMR (400
MHz, DMSO-dg): 8 7.31 (m, 6H), 7.09 (td] = 7.8, 1.2 Hz, 1H), 6,97 (m, 1H), 6.88 (d,
J=7.9 Hz, 1H), 4.95 (s, 2H), 4.06 — 4.03 (m, 4HY,8 — 1.70 (m, 4H), 1.62 — 1.58 (m,
2H). *C-NMR (100 MHz, DMSOdg): & 157.3, 139.2, 138.4, 131.1, 128.1, 127.9,
126.9, 125.1, 123.1, 118.2, 109.2, 58.4, 43.3,, 28®. IsomeE: *H-NMR (400 MHz,
DMSO-dg): 8 7.31 (m, 7H), 7.09 (cd] = 7.8, 1.2 Hz, 1H), 6,97 (m, 1H), 4.95 (s, 2H),
3.31 (d,J = 5.7 Hz, 4H), 1.78 — 1.70 (m, 4H), 1.62 — 1.58 2id).**C-NMR (100 MHz,
DMSO-dg): & 164.6, 143.7, 137.2, 129.8, 129.6, 129.3, 1252K.5, 122.2, 115.8,
110.2,56.7, 43.2, 25.7, 23.8. MS (ESI+): m/z BA0+ H]. Anal. C,oH2:N30 (C, H, N,
0).

(E/Z2)-1-M ethyl-3-(mor pholinoimino)indolin-2-one  (26): Reagents: K,Z2)-3-
(morpholinoimino)indolin-2-one (168 mg, 0.7 mmodYimethyl sulfate (92 mg, 0.7
mmol), KOH (51 mg, 0.9 mmol), ethanol (10 mL) armtwne (10 mL). Final product:
yellow solid (84.3 mg, 47%), rati&/Z; 59:41, m.p: 117-118 °C (. 116 —118 °C).
(E/Z)-1-Benzyl-3-(mor pholinoimino)indolin-2-ona  (27): Reagents: H,2)-3-
(morpholinoimino)indolin-2-one (200 mg, 0.9 mmobenzyl bromide (148 mg, 0.9
mmol), KOH (63 mg, 1.12 mmol), ethanol (10 mL) awktone (10 mL). Final product:
orange oil (90 mg, 32%), ratl/Z: 45:55. IsomeZ: *H-NMR (400 MHz, DMSOd): &
7.37 (m, 1H), 7.35 - 7.32 (m, 5H), 7.13 ({@ds 7.6, 1.1 Hz, 1H), 6.99 (m, 1H), 6.92 (dt,
J=17.9, 0.8 Hz, 1H), 4.95 (s, 2H), 4.01 (m, 4HBB(m, 4H)."*C-NMR (100 MHz,
DMSO-g): & 156.7, 141.1, 139.5, 136.9, 128.7, 127.5, 127243, 123.7, 122.8,
118.3, 108.9, 66.0, 56.9, 42.8. IsorfierH-NMR (400 MHz, DMSO#k): 8 7.44 (d,J =
5.9 Hz, 1H), 7.37 (m, 1H), 7.32 (m, 5H), 7.13 @& 7.6, 1.1 Hz, 1H), 6.99 (m, 1H),
4.95 (s, 2H), 3.82 (m, 4H), 3.28 (m, 4HJC-NMR (100 MHz, DMSOdg): & 163.7,
143.9, 141.4, 136.4, 131.5, 128.8, 127.4, 126.8,212122.0, 114.8, 109.8, 65.6, 55.3,
42.6. MS (ESI+): m/z 322 [M + H]. Anal.;@H19N30; (C, H, N, O).



Synthesis of 28 and 29he isatin derivative (1 eq) and NaH (1 eq) wessadlved in
anhydrous DMF (20 mL), the mixture was stirredam temperature during 2 h. After
that, benzyl bromide (1 eq) was added and stirregd tne reaction was finished. The
solvent was removed under reduced pressure. Etkyhie (50 mL) was added and the
organic layer was washed with a satured solutioNa€| (2 x 50 mL). After that, the
organic phase was dried over magnesium sulfatetlamdsolvent evaporated under
reduced pressure. The crude was purified by colanmomatography using chloroform
as eluent.

1-Benzylindolin-2,3-dione (28): Reagents: isatin (1 g, 6.8 mmol), benzyl bromitid (
g, 8.2 mmol), NaH (196.8 mg, 8.2 mmoL) and DMF (20). Reaction conditions: 1 h
at room temperature. Final product: orange soli@2%, 82%), m.p: 132-133 °C (fft.
131 - 133 °C).

1-Methylindolin-2,3-dione (29): Reagents: isatin (1 g, 6.8 mmol), methyl iodide (1
mg, 8.2 mmol), NaH (196.8 mg, 8.2 mmoL) and DMF (20). Reaction conditions: 16
h at room temperature. Final product: orange s@itll.1 g, 52%), m.p: 122-123 °C
(lit.*" 121.7-123.5 °C).

4.2. Molecular Modelling

The human LRRK2 sequence was retrieved from SwissRand aligned to template
structure sequence using Clustd&fWThe percentage of identity between the kinase
domain of LRRK2 and the kinase domain of Janus $énawas 26.3%. Other kinases,
for instance TIE2, showed higher percentage oftiderHowever, they were not used
as we could not reproduce with them the same emwiemt around the catalytic
residues that has been reported in the literdtufénally, the model using JAK2 as
template was built using Swiss-MotfelThe model has been visualized using Sybyl-X
2.0°* showing a RMS value between the model and thesB«izture of the template of
3.12. Later on, the model was evaluated geomdyicaing the Ramachandran pfot
and energetically with the server Verify3D The docking studies were carried out
using the docking program Glide XP implementedha Schrédinger suite program
(Schrodinger, Inc., New York, NY). The inputs coexss to the docking studies were
constructed employing the data about the binditegasiailablé®.

4.3. Biology



In vitro LRRK2 and LRRK2 G2019S activity assayRRK2 kinase activity was
measured using Adapta® Screen technology from Tiehnologie§” (Invitrogen)
consisting of a fluorescent-based immunoassay lier detection of ADP. Kinase
activity was evaluated following the Adapta assajidation protocols PV4873 and
PVv4881 for LRRK2 and LRRK2 G2019S respectively. egie assay mixtures were
set up each in a 1L volume containing 17 ng (8 nM) of recombinantlpeessed,
human LRRK2 protein (CattPVv4873), 200uM LRRKtide (Cat.#PV5093), 25 mM
Tris / 7.5 mM HEPES pH 8.2, 5 mM Mg{ 0.5 mM EGTA, 1uM ATP, 0.01% Nal,
0.005% Brij-35, 1% DMSO and compound of interesaiseries of concentrations (e.g.
for 10 point titrations, 3-fold serial dilutions earconducted starting from 100 uM
concentration) in a 384 well microplate (Corningpdal 3674). Mutant LRRK2
G2019S inhibition was determined similarly excepattdue to the higher specific
activity 0.5 ng (2.5 nM) of the LRRK2 G2019S mut&imase (Cat#f PV4881) is used
in the assays. A series of controls were incubatedhe same plate with: (i) kinase
inactivated by EDTA, and (ii) mixtures containingcrementally increased ADP
concentrations from 0 to 100M, and inversely decreased ATP concentrations from
100 to O uM, to establish a standard curve delimited by AD#&haentrations
corresponding to no conversion and complete cororeis ATP in the assay mixture.
After 1h incubation at ambient temperaturgyl50f the Adapta® Assay Detection Mix
(Cat.# PV5099) was added, containing 30 mM EDTA to stapkinase reaction, 6 nM
of the Eu-labelled anti-ADP antibody (Chat.(PV5097), and 18.9 nM of the
AlexaFluor®-ADP conjugate (C#t.PV5098). The plate was allowed to equilibrate at
room temperature for at least 30 minutes beforegheead out in a fluorescence
microplate reader to establish the ratio of emissiat 665 nm (ADP-tracer) and at 615
nm (Eu-antibody) as a measure of ADP concentrabgnvirtue of Fluorescence
Resonance Energy Transfer (FRET). The conversiot iof ATP into ADP by the
kinase reaction in each well is determined from #@P/ATP standard curve, and
means are formed from each duplicate assay wedl.résultant mean conversion ratios
for the kinase assays containing increasing coratoris of inhibitor are fitted to a
sigmoidal binding model (Graphpad), with the assamtaining no inhibitor (<40%
ATP conversion for linearity) taken as the 100%vétgt control (top), and the control
assay with the kinase inhibited by excess EDTAh&s(% activity control (bottom).
The 1G is determined by the intersection of the fittedveuwith the 50% activity

measure.



In vitro Parallel artificial membrane permeabilityassay (PAMPA)-Blood brain
barrier (BBB). Prediction of the brain penetration was evaluatsthgs a parallel
artificial membrane permeability assay (PAMPA). nTeommercial drugs, phosphate
buffer saline solution at pH 7.4 (PBS), ethanol almdlecane were purchased from
Sigma, Acros organics, Merck, Aldrich and FlukaeTgorcine polar brain lipid (PBL)
(catalog no. 141101) was from Avanti Polar Lipidfie donor plate was a 96-well
filtrate plate (Multiscreen® IP Sterile Plate PDWembrane, pore size is 0.45 uM,
catalog no. MAIPS4510) and the acceptor plate wasinaented 96-well plate
(Multiscreen®, catalog no. MAMCS9610) both from Mibre. Filter PDVF membrane
units (diameter 30 mm, pore size 048) from Symta were used to filter the samples.
A 96-well plate UV reader (Thermoscientific, Muken spectrum) was used for the UV
measurements. Test compounds [(3-5 mg of caffeammxacine, hydrocortisone,
desipramine, ofloxacine, piroxicam, testosterod®),mg of promazine and 25 mg of
verapamile and atenolol] were dissolved in EtOHO@QL). 100 pL of this compound
stock solution was taken and 1400 pL of EtOH and03faL of PBS pH=7.4 buffer
were added to reach 30% of EtOH concentration énekperiment. These solutions
were filtered. The acceptor 96-well microplate viidled with 180 uL of PBS/EtOH
(70/30). The donor 96-well plate was coated withuld of porcine brain lipid in
dodecane (20 mg mL-1) and after 5 minutes, AB®f each compound solution was
added. 1-2 mg of every compound to be determineid &bility to pass the brain barrier
were dissolved in 1500 pL of EtOH and 3500 pL ofSPEH=7.4 buffer, filtered and
then added to the donor 96-well plate. Then theodmbate was carefully put on the
acceptor plate to form a “sandwich”, which was lefidisturbed for 2 h and 30 min at
25 °C. During this time the compounds diffused fribra donor plate through the brain
lipid membrane into the acceptor plate. After inatidn, the donor plate was removed.
UV plate reader determined the concentration of grmumds and commercial drugs in
the acceptor and the donor wells. Every sample wmalyzed at three to five
wavelengths, in 3 wells and in two independent riRessults are given as the mean
[standard deviation (SD)] and the average of the s is reported. 10 quality control
compounds (previously mentioned) of known BBB peahikty were included in each
experiment to validate the analysis set.

Neurosphere cultures. Proliferation and differenti@n assays All animal care and
handling was carried out in accordance with Europ®aion guidelines (directives
86/609/EEC and 2010/63/EU) and Spanish legisldiianv 32/2007 and RD 53/2013),



and the protocols were approved by the Ethical Citeenof the Consejo Superior de
Investigaciones Cientificas (CSIC) and Comunidadvadelrid. All efforts were made to
ameliorate the suffering of the animals and to cedilne number of animals used to a
minimum.

Neurosphere (NS) cultures were derived from theseunticular zone of 4 young adult
(6 weeks old) C57BL/6 mice and induced to proliferasing established passaging
methods to achieve optimal cellular expansion atingrto published protocots
Briefly, mice were euthanized with GObrains were removed and the subventricular
zone was dissected, cut up into pieces and digestied 0.7 mg/ml papain, 0.2 mg/ml
cysteine and 0.2 mg/ml EDTA before it was gentlgagigregated. The resulted cell
suspension was plated into 8 wells of 12-well @ateontaining DMEM-F12
supplemented with insulin (10 mg/ml), apotransferpgutrescine, progesterone, sodium
selenite (N2), and B27. The cells were passagethéghanical procedures and were
maintained until passaged 3 for the first experitsiewith alternative daily addition of
both 10 ng/ml of fibroblast growth factor (FGF, Peech Cat No. 100-18B) and 2
ng/mL of epidermal growth factor (EGF, Peprotecht G. AF-100-15). Cell
proliferation assays were performed on floating raspheres in 96-well plates at a
density of 5000 cells/ct LRRK2 inhibitors were diluted in DMSO at a contation

of 10 mM and then added to the dissociated celks final concentration of 5 uM and
0.1% DMSO was used as a control. Each treatmentreysated by triplicate and the
cells were left to grow at 37°C and 5% of £ an incubator for 3 days. On the third
day, for the measurement of the size and numb#reofeurospheres, photographs were
taken by bright field microscopy using an automatiatten, taken 6 pictures of
different areas of each well with the 10X objectiiene total number and area of
neurospheres bigger than 400 Jucell area was measured using a macro software for
Image J, (NIH, Bethesda, MD) designed at the Chsiitute. Quantitative analyses
were carried out in three separate experimentsyleging the mean £+ SEM and using a

two-tailed Student's-test to determine statistically relevant changes.

Acknowledgements

Financial support from MINECO (grant no. SAF201283%3-C03-01 and RTC-2015-
3439-1 to A. M. and BFU2014-57494-R to A. V. M), @B (FPU13-003262 to J. Z.
D.). Technical assistance of Maria Ciorraga is asknowledged. A.M. and C.G are



members of the "CIB Intramural Program “Molecularadhines for Better Life”
(MACBET)"

Supplementary material

Elemental analysis of new compounds (Table S1peBErental data of protein kinases
profiling assay (Table S2); Representative 1H-NMpectra of some indolinones
derivatives (Figure S1); Correlation between experital and reported human BBB
permeability of commercial drugs using the PAMPABRBSssay (Figure S2) together
with predicted BBB permeability of indolinone deatwes (Table S3); Calculated
physicochemical properties of some diphenylhydraziodolinones (Table S4);

ADMET Prediction for synthetized indolinones: Metéibm score and number of

reactive functional groups (Table S5)

References

(1) Zimprich, A.; Biskup, S.; Leitner, P.; LichtneP.; Farrer, M.; Lincoln, S.;
Kachergus, J.; Hulihan, M.; Uitti, R. J.; Calne, B.; Stoessl, A. J.; Pfeiffer, R. F.;
Patenge, N.; Carbajal, I. C.; Vieregge, P.; AsnffusMuller-Myhsok, B.; Dickson, D.
W.; Meitinger, T.; Strom, T. M.; Wszolek, Z. K.; &ger, T. Mutations in LRRK2 cause
autosomal-dominant parkinsonism with pleomorphithpkgy. Neuron2004, 44, 601-
607.

(2) Healy, D. G.; Falchi, M.; O'Sullivan, S. S.;@fati, V.; Durr, A.; Bressman, S.;
Brice, A.; Aasly, J.; Zabetian, C. P.; Goldwurm, Berreira, J. J.; Tolosa, E.; Kay, D.
M.; Klein, C.; Williams, D. R.; Marras, C.; Lang,.&.; Wszolek, Z. K.; Berciano, J.;
Schapira, A. H.; Lynch, T.; Bhatia, K. P.; Gassér, Lees, A. J.; Wood, N. W,;
International, L. C. Phenotype, genotype, and waide genetic penetrance of LRRK2-
associated Parkinson's disease: a case-contrgl stancet NeuroR008, 7, 583-590.

(3) Gilligan, P. J. Inhibitors of leucine-rich regikinase 2 (LRRK2): progress and
promise for the treatment of Parkinson's dise@set. Top. Med. Chen2015, 15, 927-
938.

4) Estrada, A. A.; Sweeney, Z. K. Chemical biolajyeucine-rich repeat kinase 2
(LRRK?2) inhibitors.J. Med. Chen2015, 58, 6733-6746.

(5) Cookson, M. R. LRRK2 pathways leading to neegmherationCurr. Neurol.
Neurosci. Rep2015, 15, 42.



(6) Steger, M.; Tonelli, F.; Ito, G.; Davies, Pros$t, M.; Vetter, M.; Wachter, S.;
Lorentzen, E.; Duddy, G.; Wilson, S.; Baptista, M., Fiske, B. K.; Fell, M. J.;
Morrow, J. A.; Reith, A. D.; Alessi, D. R.; Mann,.NPhosphoproteomics reveals that
Parkinson's disease kinase LRRK2 regulates a sabBeth GTPaseglife 2016, 5.

(7) Li, J. Q.; Tan, L.; Yu, J. T. The role of th&kRK2 gene in Parkinsonisriviol
Neurodegenel014, 9, 47.

(8) Berwick, D. C.; Harvey, K. LRRK2: an eminenceisg of Wnt-mediated
neurogenesiskront. Cell Neurosci2013, 7, 82.

(9) Abdipranoto, A.; Wu, S.; Stayte, S.; Vissel, Bae role of neurogenesis in
neurodegenerative diseases and its implicationstierapeutic developmenCNS
Neurol. Disord. Drug Target2008, 7, 187-210.

(10) Lamm, O.; Ganz, J.; Melamed, E.; Offen, D. mémsing neurogenesis for the
possible treatment of Parkinson's diseds€omp. Neurol2014, 522, 2817-2830.

(11) Hirota, Y.; Sawada, M.; Huang, S. H.; Ogino, Dhata, S.; Kubo, A.;
Sawamoto, K. Roles of Wnt signaling in the neurageriche of the adult mouse
ventricular-subventricular zonBeurochem. Reg016, 41, 222-230.

(12) Wetzel, S.; Bon, R. S.; Kumar, K.; Waldmann, Biology-oriented synthesis.
Angew. Chem. Int. Ed. En@011, 50, 10800-10826.

(23) Wilk, W.; Zimmermann, T. J.; Kaiser, M.; Waldmm, H. Principles,
implementation, and application of biology-orientegnthesis (BIOS)Biol. Chem.
2010, 391, 491-497.

(14) Medvedev, A.; Buneeva, O.; Glover, V. Biolagidargets for isatin and its
analogues: Implications for theraBiologics2007, 1, 151-162.

(15) Kaur, M.; Singh, M.; Chadha, N.; Silakari, Oxindole: A chemical prism
carrying plethora of therapeutic benefiEsir. J. Med. Chen016, 123 858-894.

(16) Ikotun, A. A.; Egharevba, G. O.; Obafemi, C.; Owoseni, A. O. Ring
deactivating effect on antimicrobial activities mmetal complexes of the schiff base of
p-nitroaniline and isatinl. Chem. Pharm. Re2012, 4, 416-422.

(17) Pandey, M.; Raghuvanshi, D. S.; Singh, K. Ncrivlvave-assisted, solvent-free
synthesis of 3’-(aryl/heteroaryl)-1-morpholinomdtpiperidinomethylspiro[3H-indole-
3,2'-thiazolidine]-2,4’(1H)-diones via 3-isatinimes. J. Heterocycl. Chem2009, 46,
49-53.

(18) Kaur, N.; Kishore, D. Montmorillonite: An efiient, heterogeneous and green
catalyst for organic synthesis. Chem. Pharm. Re2012, 4, 991-1015.



(19) Ottoni, O.; Cruz, R.; Alves, R. Efficient asonple methods for the introduction
of the sulfonyl, acyl and alkyl protecting groups the nitrogen of indole and its
derivatives Tetrahedronl998, 54, 13915-13928.

(20) Correia Guedes, L.; Ferreira, J. J.; Rosa,Ml. Coelho, M.; Bonifati, V.;
Sampaio, C. Worldwide frequency of G2019S LRRK2 atioh in Parkinson's disease:
a systematic reviewParkinsonism Relat. Disor@010, 16, 237-242.

(21) West, A. B.; Moore, D. J.; Biskup, S.; BugakenA.; Smith, W. W.; Ross, C.
A.; Dawson, V. L.; Dawson, T. M. Parkinson's diseassociated mutations in leucine-
rich repeat kinase 2 augment kinase actiWoc. Natl. Acad. Sci. U. S. 2005, 102
16842-16847.

(22) Liu, M.; Bender, S. A.; Cuny, G. D.; Sherm&u,; Glicksman, M.; Ray, S. S.
Type Il kinase inhibitors show an unexpected iriobi mode against Parkinson's
disease-linked LRRK2 mutant G2013¥8ochemistry2013, 52, 1725-1736.

(23) Hassanein, M.; Almahayni, M. H.; Ahmed, S. QGaballa, S.; El Fakih, R.
FLT3 inhibitors for treating acute myeloid leukem@in. Lymphoma Myeloma Leuk.
2016, 16, 543-549.

(24) Chen, H.; Chan, B. K.; Drummond, J.; EstraflaA.; Gunzner-Toste, J.; Liu,
X.; Liu, Y.; Moffat, J.; Shore, D.; Sweeney, Z. Kiran, T.; Wang, S.; Zhao, G.; Zhu,
H.; Burdick, D. J. Discovery of selective LRRK2 ihltors guided by computational
analysis and molecular modeliny.Med. Chem2012, 55, 5536-5545.

(25) Di, L.; Kerns, E. H.; Fan, K.; McConnell, Q; Carter, G. T. High throughput
artificial membrane permeability assay for bloodibrbarrier.Eur. J. Med. Chem.
2003, 38, 223-232.

(26)  Cirivori, P.; Cruciani, G.; Carrupt, P. A.; T&sB. Predicting blood-brain barrier
permeation from three-dimensional molecular stmgctlh Med. Chem2000, 43, 2204-
2216.

(27) Ernst, A.; Alkass, K.; Bernard, S.; Salehpaur, Perl, S.; Tisdale, J.; Possnert,
G.; Druid, H.; Frisen, J. Neurogenesis in the &irraof the adult human braiCell
2014, 156, 1072-1083.

(28) Gil-Perotin, S.; Duran-Moreno, M.; Cebriant&il A.; Ramirez, M.; Garcia-
Belda, P.; Garcia-Verdugo, J. M. Adult neural stegtis from the subventricular zone:
a review of the neurosphere assayat Rec (Hobokerf013, 296, 1435-1452.

(29) Herrera-Arozamena, C.; Marti-Mari, O.; Estrailg; de la Fuente Revenga, M.;
Rodriguez-Franco, M. I. Recent advances in neurcganall molecules as innovative



treatments for neurodegenerative diseaseBlolecules 2016, 21, doi:
10.3390/molecules21091165.

(30) Kriza, A.; Ignat, I.; Stanica, N.; Draghici, Synthesis and characterization of
Cu(ll), Co(ll) and Ni(ll) complexes with Schiff bas derived from isatirRev. Chim.
2011, 62, 696-701.

(31) Vine, K. L.; Locke, J. M.; Ranson, M.; Benkenff, K.; Pyne, S. G.; Bremner,
J. B. In vitro cytotoxicity evaluation of some stihged isatin derivativedBioorg. Med.
Chem 2007, 15, 931-938.

(32) Kouznetsov, V. V.; Bello, J. S.; Amado, D. &.simple entry to novel spiro
dihydroquinoline-oxindoles using Povarov reactietween 3-N-aryliminoisatins and
isoeugenolTetrahedron Lett2008, 49, 5855-5857.

(33) Dandia, A.; Saha, M.; Shivpuri, A. Improvedn#esis of trifluoromethyl
substituted 3-spiro indolines and 3-indolyiminesl@mmicrowaves irradiatiomndian J.
Chem. Technoll997, 4, 201-205.

(34) Khan, K. M.; Mughal, U. R.; Samreen, P., ShpGdhary, M. |. Schiff bases of
isatin: potential anti-leishmanial agentett. Drug Des. Disco\2008, 5, 243-249.

(35) Ma, J. Y.; Quan, Y. C.; Jin, H. G.; Zhen, X.; Zhang, X. W.; Guan, L. P.
Practical synthesis, antidepressant, and anticeaatiactivity of 3-phenyliminoindolin-
2-one derivativesChem. Biol. Drug De<016, 87, 342-351.

(36) Bari, S. B.; Agrawal, A. O.; Patil, U. K. Symsis and pharmacological
evaluation of some novel isatin derivatives forimmtrobial activity.J. Sci., Islamic
Repub. Iran2008, 19, 217-222.

(37) Sekularac, G. M.; Nikdlj J. B.; Petro\, P. B., B.;burovi¢sasa, B.; Drmagj
Z. Synthesis, antimicrobial and antioxidative atyivvf some new isatin derivatives.
Serb. Chem. So2014, 79, 1347-1354.

(38) McGookin, A. Reactive methylene groups. llheTehrlich-sachs reactiod.
Appl. Chem1955, 5, 65-66.

(39) Azizian, J.; Morady, A. V.; Soozangarzadeh, Asadi, A. Synthesis of novel
spiro-[3H-indole-3,3'-[1,2,4]triazolidine]-2-onesiav azomethine iminesTetrahedron
Lett.2002, 43, 9721-9723.

(40) Popp, F. D. Potential anticonvulsants. IX. 8oisatin hydrazones and related
compoundsJ. Heterocycl. Cheni984, 21, 1641-1645.



(41) Al-Kahraman, Y. M. S. A.; Singh, G. S.; YasazM. Evaluation of N-(2-
thienylidene)amines, N-(2-hydroxybenzylidene)amireasl 3-iminoindolin-2-ones as
antileishmanial agenttett. Drug Des. Disco\2011, 8, 491-495.

(42) Zhang, B.; Feng, P.; Sun, L. H.; Cui, Y.; Y8, Jiao, N. N-Heterocyclic
carbene-catalyzed homoenolate additions with N-dmstimines as electrophiles:
Efficient synthesis of spirocyclig-lactam oxindolesChem. Eur. J2012, 18, 9198-
9203.

(43) Bianchini, G.; Ribelles, P.; Becerra, D.; R, M.; Menéndez, J. C. Efficient
synthesis of 2-acylquinolines based on an aza-@gous Povarov reactio@rg. Chem.
Front. 2016, 3, 412-422.

(44) Singh, G. S.; Siddiqui, N.; Pandeya, S. N.tBgsis and anticonvulsant and anti-
inflammatory activities of new 3-aryl/alkylimino4hethylindol-2-onesArch. Pharm.
Res.1992, 15, 272-274.

(45) Corsico Coda, A.; Desimoni, G.; Gamba InvezniA.; Quadrelli, P.; Righetti,
P. P.; G., T. Copper(ll) in organic synthesis. \feaction of the copper(ll) acetate
complex of 1-methylisatin-3-chlorophenylhydrazone ithw  dimethyl
acetylenedicarboxylat@.etrahedronl987, 43, 2843-2852.

(46) Sarel, S.; Klug, J. T. Synthesis and propgroé 2,2-diphenylindoxyllsr. J.
Chem.1964, 2, 143-150.

(47) Zhang, C.; Li, S.; BureS, F.; Lee, R.; Ye, Xliang, Z. Visible light
photocatalytic aerobic oxygenation of indoles akblgs a chemoselective switdhCS
Catal. 2016, 6, 6853-6860.

(48) Bairoch, A.; Boeckmann, B.; Ferro, S.; Gasteige. Swiss-Prot: juggling
between evolution and stabilitgrief Bioinform.2004, 5, 39-55.

(49) Thompson, J. D.; Higgins, D. G.; Gibson, TCLUSTAL W: improving the
sensitivity of progressive multiple sequence aligninthrough sequence weighting,
position-specific gap penalties and weight mathwice.Nucleic Acids Resl994, 22,
4673-4680.

(50) Guex, N.; Peitsch, M. C. SWISS-MODEL and theisS-PdbViewer: an
environment for comparative protein modeligectrophoresid997, 18, 2714-2723.
(51) Ghose, A.; Jaeger, E.; Kowalczyk, P.; Petersbh; Treasurywala, A.
Conformational searching methods for small molezule Study of the SYBYL
SEARCH MethodJ. Comp. Cheml993, 14, 1050-1065.



(52) Gopalakrishnan, K.; Sowmiya, G.; Sheik, S.S&kar, K. Ramachandran plot on
the web (2.0)Protein Pept. Lett2007, 14, 669-671.

(53) Eisenberg, D.; Luthy, R.; Bowie, J. U. VERIHY3assessment of protein
models with three-dimensional profilédethods Enzymol997, 277, 396-404.

(54) Nieto-Estevez, V.; Oueslati-Morales, C. O.; Li; Pickel, J.; Morales, A. V.;
Vicario-Abejon, C. Brain insulin-like growth factdrdirects the transition from stem
cells to mature neurons during postnatal/adult tdampal neurogenesiStem Cells
2016, 34, 2194-2209.



L eucine Rich Repeat Kinase 2 (LRRK?2) Inhibitors based on
indolinone scaffold: Potential Pro-neurogenic Agents

Highlights

.-A new family of small molecules based on indolinone scaffold are here described as
potent and selective LRRK2 inhibitors.

-LRRK2 G2019S, the most common LRRK2 mutation in familial Parkinson’s disease,
is also potently inhibited with these novel compounds.

.-Indolinone-based LRRK2 inhibitors are brain permeable drug leads using a PAMPA
methodology.

.-Pro-neurogenic effects using neuronal stem cells isolated from adult mice
subventricular zone have been shown after the treatment with indolinone-based
LRRK2 inhibitors

.-Indolinone-based LRRK2 inhibitors may be good pharmacological tools to study
neurogenesis in PD animal models.



