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Abstract

Epigenetics alterations including histone methylation and atity| and DNA methylation, are
thought to play important roles in the onset and progression of cancenrierous tumour cell
lines. Lysine-specific demethylase 1 (LSD1 or KDM1A)highly expressed in different cancer

types and inhibiting KDM1A activity seems to have high therapguattential in cancer treatment.
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In the recent years, several inhibitors of KDM1A have been prd@nd disclosed. The majority of
these derivatives were designed based on the structtrenglicypromine, as the cyclopropane core
is responsible for the covalent interaction between the inhiaidrthe catalytic domain of KDM
proteins. In this study, we have further extended the SARrdaw compoundda-e, which were
recently found to inhibit KDM1A with good activity. The decocatiof the phenyl ring at thg-
position of the cyclopropane ring with small functional groups, madsdipgenated, led to a
significant improvement of the inhibitory activity againstDM1A, and allowed a more

comprehensive SAR to be determined.

Introduction
The control of gene expression, as well as the normal devehlbpaned maintenance of tissue
specific patterns, are regulated by epigenetic modificafip8%.Several chemical reactions such as
acetylation, methylation, phosphorylation, ubiquitination or sumimylamodify the architecture of
histone proteins, leading to activation/deactivation of portiorchaimatin.[3,4]
As such, pharmacological control of epigenetic modificationghtiepresent a valuable means to
prevent the onset and the progression of many lethal patholéyieglped, the release to the
market of Zolinza (vorinostat),[6] and Istodax (romidepBiihfwo pan-HDAC inhibitors indicated
for the treatment of cutaneous T-cell lymphoma, accounts fdrubgvorthiness of the epigenetic
approach in the treatment of specific types of cancer.
Along with histone deacetylases (HDAC), the widest studiadscbf epigenetic controllers,[8,9]
and a number of bromodomain-containing proteins,[10] histone IgEneethylases (KDMs) are
gaining increasing consideration as valuable therapeutic 4dfddt Methylation of histones, in
particular H3 and H4, is an important way to access tdighdly condensed chromatin, therefore
influencing gene expression and genomic stability. The procdsstohe lysine methylation is not
steady, but it is rather regulated by the dynamic addition andva of up to three methyl units on

the lysine amino moiety. Depending on the site and the defit@stone methylation (mono-, di-,
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tri-methylation), KDMs can either activate or represmscription of genes, allowing for a fine-
tuning of several physiological and pathological processes.[1543hr, two classes of KDMs
have been discovered, based on their mechanism of aa)idlavin-dependent histone KDMs,
having mono- and di-methylated lysines as the substratdy)gnohonji domain-containing protein
(JMJD) histone KDMs, which are Fe(ll) anebxoglutarate dependent oxygenases and are effective
also toward tri-methylated lysines.[14-17] The former claas be further divided into two
additional sub-families: lysine specific demethylase 1 (LS KDM1A) and lysine specific
demethylase 2 (LSD2 or KDM1B).[18,19] KDM1A, the first toise demethylase discovered,
selectively demethylates the mono- or di-methylated lydirg histone H3 (H3K4), along with
other lysines present in proteins of therapeutic interest sis p53, DNA methyltranferase 1,
STAT3, E2F1 and MYPTL1.[19] Overexpression of KDM1A has been obddan/numerous types
of cancer, including acute myeloid leukaemia,[20] neuroblastomagR bjell as prostate, bladder,
lung, liver and colorectal cancer.[22] In light of thesédences, inhibition of KDM1A can be
considered an effective strategy to thwart crucial pdifive pathways in many types of tumour.
Since the discovery of KDM1A, several inhibitors have beeported.[23] Because of the
similarities between the KDM1A catalytic domain and tlatother amino-oxidases, it is not
surprising that tranylcypromindréns-2-phenylcyclopropylaminel?CPA), a monoamino oxidase
(MAO) inhibitor that binds covalently to the cofactor FADalso a KDM1A inhibitor (1G, = 11.6
uM).[24] Therefore, the majority of KDM1A inhibitors known sarfembody a tranylcypromine-
like scaffold variously substituted, in order to improve the digraetency and the selectivity
toward MAO A and MAO B inhibition. In many cases, (figureAtC), a remarkable combination
of high activity and selectivity was achieved.[25—-28] Also othwnoamine oxidase (MAO)
inhibitors, such agpargyline, have been investigated but the issue of the poor pharmacokinetic
properties seemed to be unsolvable.[29] Some polyami@&XC{11047) were evaluated as
KDM1A inhibitors, with compounds showing activity in the low micmar range.[30,31] Other

compounds, not belonging to any definite serirampline, CBB-1007), were found to be
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reversible KDM1A inhibitors as well.[32Recently, a series of N’-(1-phenylethylidene)-
benzohydrazidesD(), discovered by the virtual screening of a chemicalatiprof 2 million
compounds, were found to be selective and reversible inhibit6i®MLA.[33]
<Figure 1>
To refine this overview, it is worthwhile to report a semégatent applications filed by Oryzon
and GSK, disclosing a series df-substituted tranylcypromine derivatives highly active and
selective for KDM1A over MAO A and MAO B.[34-36] Two compoundsnfr these series were
reported to have entered clinical studies
(http://www.clinicaltrials.gov/ct2/show/NCT02034123?term=Isd1&rank=3;
www.clinicaltrialsregister.eu/ctr-search/trial/2013-0022407ES).

Results and discussion
Rationale
The cyclopropane core of PCPA is essential for inhibition, aoovalently interacts with the FAD
cofactor, leading to irreversible enzyme inactivation.[1B2]/,Some of us have recently
reported[24] a series of PCPA derivatives carrying a substitin positiorn of the cyclopropane,
which led to a higher KDM1A inhibitory activity compared teanylcypromine. Since the
encouraging results, we designed a further expansioru-sdibstituted PCPA derivatives,
investigating the effect of small substituents atf#phenyl group.
The mechanism of action of tranylcypromine involves the formaifom benzyl radical, therefore
we reasoned that small electron-withdrawing groups (EWGsleotren-donating groups (EDGS)
could affect the SAR already established toward KDM1A irtinibj and modulate the activity of
the derivatives. Some of the synthesized compounds are endotheal spiroamido moiety aiming
at finding out whether the amino group and the substituenein-gosition would share the same
enzymatic pocket. The majority of the derivatives synthesizasifound to be more active than the
corresponding unadorned compounds, providing clear hints about the role stldbiuents

attached at thg-phenyl ring.



Chemistry

The title compounds were synthesized through a straightforward pratioeady reported,[24,38]
with the exception of compourdBb that was synthesized in an alternative route, as repoeied:.
When not commercially available, phosphonai®& were obtained by reacting triethyl
phosphonoacetate with the proper bromide, in the presence of dN#te¢ dase, from 0 °C to rt.
Phosphonatesa-e were then deprotonated with butyllithium and reacted wattiously substituted
styrene oxides 215) in dimethoxyethane at 130 °C, allowing the desiréhns
cyclopropanecarboxylic ethyl esters to be obtained. Subsequéntdsolysis with LiIOH under
MW irradiation, followed by Curtius rearrangement with diphenyl phosg#idate in presence of
triethylamine in anhydrougert-butanol at 90 °C, provided the N-BOC protected precursors.
Finally, hydrolysis of the carbamates either with 4N HC@aseous HCI in ethyl acetate at room
temperature gave the desired amines as hydrochloride sedtgable yields. <Scheme 1>

The synthesis of the spiro amidg®and66 was achieved through the key intermedgitealready
reported.[39] Briefly, the inexpensive precursors benzaldehyded#&thyl malonate were first
reacted in toluene at 80 °C for 48 hours. The use of MWiatiad drastically reduced the reaction
time, although with no improvement in the vyield. Corey-Chaykgpvsyclopropanation of
intermediate58 with (CH3)3SOI in DMSO at room temperature, using NaH as the basepled
compound59 in good yields. Subsequent selective mono-hydrolysis of the estietynmwith
alcoholic NaOH, followed by the Curtius rearrangement, atbmtermediat®l to be obtained in
good overall yields. In this case, the conditions used for thau€udarrangement are slightly
different from those previously reported, as cyclohexane, andernetutanol, was used as the
solvent. Removal of the BOC protecting group with trifluoro&catid yielded the free amine, that
is immediately used in the next reaction step without patiia nor storage, since the lack of
stability of the cyclopropylamino moiety. Reductive aminatanunmaskedsl using N-Boc-2-
aminoacetaldehyde as the coupling agent, and sodium triacethoxybatehgdr the reducing

agent, in dichloroethane and triethylamine, led to comp&2nd modest yields. Hydrolysis of the
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protective group with trifluoroacetic acid, followed by treatmnevith NaOH 5M at room
temperature, yielded lacta3 as a yellowish solid. All of the attempts to reducel#mtam, such
as the use of LAH, NaCNB{1 NaBH, andBHs THF, failed to provide the spiro-piperidine
analogues. The reduction of estdr with excess LAH in dry THF at room temperature, gave the
alcohol 64. BOC deprotection o064 with trifluoroacetic acid, followed by coupling with 2-
bromoacetyl chloride in dichloromethane at 0°C, gave the a6%ide moderate yields. The final
cyclization of intermediaté5 to give lactam66 was achieved in good yields using NaH in
dichloromethane from 0 °C to room temperature. Also in thge,céhe numerous attempts to
produce the reduced adduct bearing a spiro-morpholine moiety hadoassut can be speculated
that, both for compound$3 and 66, the peculiar structural constraint given by the spiro-
cyclopropane moiety might have played a role in the unsuccessfuttion of the lactam, a
procedure that is otherwise well documented in the literaturetifier substrates. <Scheme 2
Compoun48b was prepared starting from the condensation betywaxdorobenzaldehyde and 2-
phenylacetic acid, to obtain the corresponding 2,3-diphenylaaglit67, that is esterified with
iodomethane in DMSO and KOH. Thus, using the same synthetic seatein Scheme 2, that is
cyclopropanation reaction with trimethylsulfonium iodide, followed rbgthyl ester hydrolysis,
Curtius rearrangement and BOC deprotection, the title compdé8mds obtained in good yield.
<Scheme 3>

SAR description

In this study, a total of 29 compounds were prepared and eval&®&HLA inhibitory activity was
assessed using human recombinant KDM1A/CoREST protein as drzgmace and a synthetic
mono-methylated H3-K4 peptide containing 21 amino acids as thaaed&4] The compounds
were incubated with the enzymatic complex and the reswdtexpressed as 46 The unadorned
derivativesla-f were used as reference compounds (Table 1).

<Table 1>



In the previous work we have reported that bulky substituenk® atposition of the cyclopropane
core, such as the phenyl( 1C5,=0.161 uM), phenylethyll€, 1C5,=0.202 uM) and naphthylld,
IC50=0.218 uM) resulted to confer better activity comparesitall alkyl groups such as ethyla(
IC50=0.779 uM) and methyl 1f, 1Cs0=1.72 pM). For this reason, a preliminary round of
modifications at thg-phenyl ring of PCPA was carried out based oncttpenyl, a-phenylethyl
anda-naphthyl scaffolds. Since the mechanism of action involvefotheation of a benzyl radical,
functional groups with electron withdrawing nature such as bakgvere first investigated. When
bromine and chlorine were positioned at {m@ra position of 1b, the results were somehow
conflicting: while the bromine led to a 4-fold improvementha# activity @6b vs 1b), chlorine led

to a decrease of the activity by a similar randfgh (vs 1b). Thus, thea-phenylethylcyclopropane
scaffold was investigated. Substitution at plaga position with chlorine or bromine led to a slight
improvement of the activity compared to the reference compfitdand 48c vs 1c), whereas
fluorine did not lead to any significant improvemesitd). When similar substitutions were carried
out on scaffoldld, neither thepara-bromo substitution nor thpara-fluoro allowed more potent
derivatives to be obtainedigd, and51d vs 1d). In particular, thepara-fluoro was found to be
rather detrimental, leading to a 3-fold decrease of theitgctAfter the investigation at thpara
position, the bromine atom was introduced in tneta position of 1c, but no noticeable
improvement of the activity was observedd). Puzzled by the lack of a regular pattern for these
preliminary substitutions, we also carried out modificationsaaffoldsla andle, those endowed
with the lower activity. With regard tte, both parabromo andpara-chloro substitutions led to
only a slight improvement in the activit§ge and48e vs1le), whereas thearafluoro was found to
be detrimental also in this conteXglé vs le). With regard tola, the para-bromo substitution
improved the activity over the parent compound by more thamestéd6a vs 1a), and thepara-
chloro substitution by more than 4 timel84 vs 1a). Even more remarkable was the effect of the
substitution at themeta position of the ring, where both bromine and chlorine yieldedmibst

active compound of the series, with a more than 25-fold ingonewit of activity 44a and45a vs
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1la). However, also for this scaffold, fluorine at thara position failed to give a better inhibitory
activity (5la vsla).

Based on these data, threthyl substituted series was chosen as the template fhef@xpansion

of the SAR. The fluorine atom, detrimental at gaga position, is still able to confer good activity
when in themetaposition @7a). Also a stronger EWG such as the trifluoromethyl, whethat
meta position, was found to improve the activity of the parent comggd9a vs 1a), although
resulting about 4-times less active &fa. The trifluoromethyl group at thpara position further
decreased the activity of the molecui2d), whereas the trifluormethoxy substitution at the same
position led to the least active derivative of the sef@@a). To investigate how the electronic
properties of the substituents could affect the activityE®@G such as the methoxy group was
introduced in thametaposition. Although derivativé0a was 6-fold more active than the parent
compound ¢fr with 1a), it was 4-fold less active thala and the least active among the analogues
of la bearing a substitution at theeta position. Substitution at therto position with chlorine,
bromine and fluorine led to compounds having a similar range ofitedi¥3a, 54a, and55a),
about 10-fold less active than the leddn. Finally, a disubstitutegpara-bromo, metafluoro
derivative was prepared in order to see whether the mergeodavorable characteristics would
have yielded a better derivative. Indeed, compdfaddemonstrated to be one of the most potent
derivative.

The spiro derivative$3 and66 were then planned and synthesized on the basis of someatati
considerationa) in general, rigidifying the ligand conformation might leadatanore favorable
protein binding;b) they maintain the substituent at thposition, which is good for activity; araj

the substitution of the amino moiety with several substituersdban reported, in same cases, to
be advantageous for the activity.[40-42] However, these twealiees resulted inactive under our
assay conditions. Several attempts to reduce the carbonylymaet made, using a number of
reducing agents, but the corresponding spiro-piperidine and spiro-morpaoétegues could not

be obtained.



The results of this investigation have given a number of natg hegarding the SAR for theae
substituted PCPA derivatives. In general, small functionalifgs attached at tifephenyl ring of
tranylcypromine analogues are well tolerated and lead teames more active than the unadorned
analogues. Bromo- and chloro- substitutions, either apaine or at themetaposition, were found
to confer the best activity in almost every scaffold usethagemplate, but this finding is more
evident witha-ethyl PCPA. Given the mechanism of action of tranylcyprondegvatives, that
involves the generation of a benzyl radical, it might kergfated that the stabilizing effect of these
substituents play a role in the enhancement of the actAtyeDG such as the methoxy, although
positively affecting the activity compared to the pam@rpound, is detrimental when compared to
the most active compound.

Interestingly, strong EWGs (F, gFOCF;) at the para position of tifephenyl ring, regardless the
substituent at the-position of the PCPA derivative, are hardly tolerated, leathng remarkable
drop of the activity in the majority of the cas®&4d, 52a, 57a, 51d, 51€). Since the difference in
the size for these substituents, their electronic charauggit be the cause of their detrimental
influence.

Computational analysis

What triggered our interest is the difference betweenShR established for compounds-e,
where the ethyl at the-position was found to confer the lowest activity to the R@erivatives,
and that reported in this study, wherethyl-PCPA derivatives have the highest activity. Tmga
insights regarding these findings, a computational study wasedanut. We addressed this
observation from two different points of view: from one sige,tried to predict the binding mode
of compoundsdla, 1c, 44a and44c to see if the 16 values for the substituted ethyl derivatives are
due to a different orientation in the binding site, comparet thié unsubstituted-ethyl anda-
phenylethyl derivatives. On the other hand, we tried tosaséd¢here are some differences in the
reactivity profile of the molecules, calculating the HOMOMO energy for the four compounds.

We performed covalent docking of the derivatives to modettvalent adduct with FAD.



<Table 2>
Adducts with C4a and N5 atoms were modeled, in agreemenpreitious studies on compounds
belonging to the same series that suggested the initiaafimmof a cyclic adduct involving N5 and
C4a that immediately rearranges into N5 or C4a adduct. ticylar 1a has been co-crystallized
with KDM1A, thus we had an experimental evidence of the bindinglemof this compound.
Covalent docking results did not produce any clear indication terstaohd the reversal of the SAR
previously established. We were able to reproduce with googracy the crystallographic adduct
of compoundla (Figure 2A, PDB 4UV9) but concerning the other derivativegreg was no
unquestionable evidence that compoudad establishes stronger interactions or more favorable
binding conformation. A different binding mode was observedHiarcompared tda, suggesting
that presumably the presence of the bromine atom influgheelinding mode (Figure 2). Some
valuable results came from the analysis of the HOMO-LURBI&rgy gap AE). The HOMO-
LUMO energy gap is associated with the reactivity ofrttidecules, with a smaller gap indicating a
compound prompter to react. As it can be seen in Table akhdatedAE is higher for compound
la and it assumes the lowest value for compotdal This is in good agreement with the average
ICso value for these compounds, with compodadshowing a higher 1§ value tharilc, 44a and
44c. Therefore it can be speculated that the introductioneobtbmine atom imetaposition of the
aromatic ring influences more the ethyl derivative than theylatyl one, which registered only a
small variation ofAE. The reduction of the HOMO-LUMO energy gap probably fedéis the
direct opening of the cyclopropane ring, most likely through a ahdmechanism, that was
demonstrated to take place for thassubstitutes PCPA derivatives instead of the enzymatic
oxidation of the amino group. <Figure 2>

Conclusion
In conclusion, the task of improving the inhibitory activity tod&DM1A of somea-substituted
PCPA analogues was achieved with the synthesis of analogaemd at the-phenyl group

several halogens and halogenated functional groups. In the majotitg cases, an improvement
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of the activity compared to the parent compound was noticiéd Ada, the most active compound
of the series, being 25-folds more active tHanand the most active of thesubstituted-PCPA
derivatives. Probably, the electronegative charactdnesfet small functional groups plays a role in
enhancing the activity. However, strong electronegativetitudists are not tolerated at tpara
position. A computational investigation has led to the spgoul#hat the reduction of the HOMO-
LUMO energy gap, probably affects the opening of the cyclopropgagehat occurs most likely
through a radical mechanism. This fact may somehow explaidisbeepancies between the SAR
established in the previous paper and the data obtainedpretbent work.

Overall, this work highlights the fact thatsubstituted tranylcypromine derivatives can undergo to
various modification at th@-phenyl ring, with the aim to improve the inhibitory activityward

KDM1A. As such, further chemical manipulation of these sabestris ongoing in our laboratories.

Experimental protocol
Chemistry
All the reagents were purchased from Sigma-Aldrich, -Alésar and Enamine at reagent purity
and, unless otherwise noted, were used without any furthercatiofi. Dry solvents used in the
reactions were obtained by distillation of technical grade matteover appropriate dehydrating
agents. MCRs were performed using CEM Microwave SyntheBigeover model. Reactions
were monitored by thin layer chromatography on silica gel-doat@minium foils (silica gel on Al
foils, SUPELCO Analytical, Sigma-Aldrich) at both 254 and 3&® wavelengths. Where
indicated, intermediates and final products were purified throughchsilica gel 60 flash
chromatography (silica gel, 0.040-0.063 mm), using appropriatersahigtures.
'H-NMR and®®C-NMR spectra were recorded on a BRUKER AVANCE spectremat 400 and
100 MHz respectively, or in a Varian 500 MHz with TMS ateiinal standard and a 300 -
NMR spectra are reported in this order: multiplicity and nundbgarotons. Standard abbreviation

indicating the multiplicity was used as follows: s = sitgte= doublet, dd = doublet of doublets, t
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= triplet, g = quadruplet, m = multiplet and br = broad sigh#’LC/MS experiments were
performed with HPLC: Agilent 1100 series, equipped with a \@a8ymmetry C18, 3.5 um, 4.6
mm x 75 mm column and MS: Applied Biosystem/MDS SCIEXhwiPI| 150EX ion source, or, in
alternative HPLC-MS experiments were performed on an Acquity UPLC apparatus, equipped
with a diode array and a Micromass SQD single quadruple (Waters). HRMS experiments were
performed with LTQ ORBITRAP XL THERMO.

All compounds were tested as 95% purity samples or higher (by NMR)C

Molecular modelling

The covalent docking experiments have been performed usiragptherystal structure of KDM1A
2DW4[43,44] and the covalent docking tool available in PrinGefi®@m Schrédinger.[45] Protein
structure has been first prepared using the Protein Priepatabl;[46] ligands 3D structures with
the correct stereochemistry and protonation state have dererated using LigPrep tool from
Schrédinger.[47] A maximum number of ten poses have been geshéoateach ligand; after the
covalent adducts were generated, a minimization of alattducts including also protein residues
within 6A has been carried out. The calculation of the HOMAO energy gap has been
performed with Jaguar 8.2 included in Maestro9.6 Suite reldagefchrodinger.[48] Geometry
optimization of the compounds structures previously generatedLygBrep has been carried out
using density functional theory (DFT).[49] Initial geometrigere minimized with the B3LYP
hybrid density functional adopting the LACV3P** basis set in vacwamd in water using the
standard Poisson-Bolzmann solvation model.[50]

General procedures

General procedure for the synthesis of phosphonates a-e:2* Ethyl 2-(diethoxyphosphoryl)acetate
(1 eq) was added dropwise to a cooled suspension of NaH)lii @y DME (2 ml/mmol). After
stirring at room temperature for 2 hours the appropriate hélideeq) was added, and the mixture
was stirred at 60 °C for additional 2 hours. After quenchinitp ice-water, the mixture was

extracted with ethyl acetate, and the combined orgagerdavere washed with,B and brine,
12



dried over NaSO, and concentrated under reduced pressure. The crude matasigbusified
through flash chromatography eluting dichloromethane—diethyl €€ to give the title
compounds as colourless oils in yields ranging from 36% to 53%ytkiah data for compounds

e matched the data published.

General procedure for the cyclopropanation (2-15a, 4b, 2,4,6,9¢, 2,3,4,9d, 4,6,9€): to a solution

of the appropriate phosphorane (2 eq) in anhydrous DME (5 ml/mmag &€, n-buthyllithium

(1.6 M in hexanes, 2 eq) was added dropwise over 5 minutts. shirring for 30 minutes at the
same temperature, the solution turned gradually to orange amgbghepriate epoxide (1 eq) was
added in one portion. The reaction was heated at 90 °C until cphisarof the limiting reagent as
determined by TLC, and then NEl is added to quench the reaction. The aqueous layer was
extracted with ethyl acetate (318 mL), and the organic layers were washed with brine and dried
(NaeSQy). After removal of the solvenh vacuq the yellowish oil obtained was purified by flash
column chromatography to give the title compounds as colourleséidils, purification methods
and analytical data are reported in details in the SI.

General procedure for the ester hydrolysis (16-29a, 18b, 16,18,20,23c, 16,17,18,23d,18,20,23¢,

69): the appropriate ester (1 eq) and LIOHOH (4 eq) were dissolved in solution of
THF/MeOH/HO (3/1/1, 1 ml/mmol) and heated in a microwave reactor hat following
conditions: 100 °C; 250 psi; 300 W. The reaction mixture is then eaisobn vacuq and the
crude is washed with 4@, acidified with HCI 2N and extracted with ethyl acetafdter
evaporation of the solvent, the product is used for the nestiorastep without further purification.
Using a similar procedure, but heating at 115 °C, comp6é8nahas obtained. Yields and LRMS are
reported in the supporting information.

General procedure for the Curtius rearrangement (30-43a, 32b, 30,32,34,37c, 30,31,32,37d,
32,34,37e, 70). to a solution of the appropriate acid (1 eq) tart-butanol (10 ml/mmol),

triethylamine (1.3 eq) and diphenylphosphorylazide (1.1 eq) weredadahd the mixture was
13



stirred at 90 °C overnight. After cooling, the reaction mixtwas concentrated under reduced
pressure and then partitioned between saturated®aaqueous solution (30 mL) and ethyl acetate
(3 x 10 mL). The combined organic layers were washed with brined dfNaSQ,) and
concentrated under reduced pressure to give a yellowish rhdbedias purified through flash
chromatography on silica gel to give the title compounds. Y,igidgfication methods and other
analytical data are reported in details in the SI.

General procedure for BOC hydrolysis (44-57a, 46,48b, 44,46,48,51c, 44,45,46,51d, 46,48,51€):

to a diethyl ether solution (0.5 mL/mmol) of the appropriate Bfd@lected derivative (1 eq),
maintained at O °C, either HCI 4N (10 eq) or a saturdit@bsolution in ethyl acetate (1 mL/mmol)
were added. The reaction mixture was stirred at roomegsatyre until consumption of the starting
material (12-36 hours), as determined by TLC, and thersdhent is evaporated under reduced
pressure. The white solid formed is washed with diethyl etiegive the title compounds as
hydrochloride salts pure enough to be submitted for biological asseidsY'H-NMR other
analytical data are reported in details in the SI.

Diethyl 2-benzylidenemalonate (58): a solution of diethyl malonate (5 g; 47 mmol), benzaldehyde
(5.7 mL; 38 mmol), piperidine (230 pL; 2.35 mmol) and acetic atRD (uL; 2.35 mmol) in
anhydrous toluene (40 ml) were heated to reflux for 24 hours. . dlbens was evaporated under
reduced pressure and the residue was taken up in ethykeamethtvashed with water (3 x 10 mL),
brine and dried over N8QO,. After evaporation of the solvent, the crude materias purified
through a chromatography column eluting petroleum ether—ethytad:15, to yield the desired
product as a colourless oil. Yield: 79%. 1H-NMR (400 Mhz-CDCI3)1.14-1.22 (m, 6H), 3.26-

3.28 (m, 1H), 4.06-4.26 (m, 4H), 7.28-7.77 (m, 5H).

Diethyl  2-phenylcyclopropane-1,1-dicarboxylate (59): under hydrogen atmosphere,
trimethylsulfoxoniun iodide (9 g; 40 mmol) was added in one portoa stirred suspension of

sodium hydride (1.63 g; 40 mmol) in anhydrous DMSO (90ml), and the suspeves stirred till
14



the frothing ceased. The resulting yellow mixture was cotide@ °C and a solution of diethyl 2-
benzylidenemalonatg8 (9.44 g; 37 mmol) in anhydrous DMSO (10 ml) was added portionwise.
The reaction mixture was stirred for 15 minutes at the sampdrature and then allowed to react at
room temperature until the TLC showed the complete consumptitimeadtarting material. The
mixture was then poured in ice water and extracted with attgthte. The combined organic layers
were washed with brine (3 x 10 mL), dried ¢(§8y) and concentrated under reduced pressure to
give a yellowish oil that is purified by chromatography columnimjupetroleum ether—ethyl
acetate 9:1, yielding compou®d as a colourless oil. Yield: 98% 1H-NMR (300 Mhz-CDCI3¥
0.19 (t, J=7.11 Hz, 3H), 1.24 (t, J=7.14 Hz, 3H), 1.64 (q,1B=blz, 1H), 2.13 (q, J=5.16 Hz, 1H),
3.17 (t, J=8.52 Hz, 1H), 3.78 (q, J= 7.14 Hz, 2H), 4.19%cH Hz, 2H), 7.17-7.27 (m, 5H).

Using a similar procedure, compoundé8 (trans methyl 2-(4-chlorophenyl)-1-
phenylcyclopropanecarboxylate) was obtained starting from the mesigr of 67. 'H NMR
(500MHz -CDCI3)I= 7.64 - 6.59 (m, 9 H), 3.85 - 3.24 (m, 3 H), 3.15 - 2.751(H), 2.42 - 2.09
(m, 1 H), 1.93 - 1.57 (m, 1 H).

1-(Ethoxycar bonyl)-2-phenylcyclopr opanecar boxylic acid (60): A solution of NaOH (172 mg
4.30 mmo) in EtOH (20 mL) was added to a solution of diethyl 2-phenytgyopane-1,1-
dicarboxylate (1.026 g; 3.91 mmol) in ethanol at room temperafure.reaction mixture was
stirred until consumption of the starting material accordingl® (3 days), after which the solvent
was evaporated under reduced pressure, and the crude masshaidwith HCl 1M (25 mL) and
extracted with ethyl acetate (3 x 10 mL). The combinedricgayers were washed with brine,
dried (NaSQO,) and concentrated under reduced pressure to give a ydllovaterial that is used
for the next reaction step without further purification.

Yield: 99%.

H-NMR (400 Mhz-CDC}) = 0.56 (t, J = 5.6 Hz, 3H), 1.90 (s, 1H), 2.19 (d, J08 4z, 1H),

3.19 (s, 1H), 3.61 (t, J = 6.6 Hz, 2H), 7.09-7.27 (m, 5HQAPs, 1H).
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1-((tert-butoxycar bonyl)amino)-2-phenylcyclopr opanecar boxylate  (61): under nitrogen
atmosphere, to a solution 080 (3.064 g; 13 mmol) in anhydrous hexane (100 mL),
diphenylphosphoryl azide (3.12 mL; 14 mmol), triethylamine (2 mLmbdol) and tert-butanol (
25 mL; 260 mmol) were added in this order and the mixture waswedl to react at reflux. After 18
hours, a solution of Bg® (4.28 g; 19 mmol) in dry hexane (5 mL) was added, and tkimaiwas
heated to reflux for additional 2 hours. After cooling, the solwess evaporated under reduced
pressure, and the residue was taken up in ethyl acetateaahdd with 5 % citric acid (326 mL),
water (3 x10 mL), and saturated NaHG@queous solution (3 ¥0 mL). The combined organic
layers were washed with brine, dried {8&y) and concentrated under reduced pressure to give a
yellowish material that is purified by chromatography columnrgguypetroleum etheethyl acetate
9:1, yielding the title compound as a white solid.

Yield: 77%

'H-NMR (400 Mhz-CDC}) (1= 0.85 (s, 3H), 1.51 (s, 9H), 1.61-1.66 (m, 1H), 2.171(H), 2.83

(t, J = 3.12 Hz, 1H), 3.81 (t, J = 3.8 Hz, 2H), 5.38.{4), 7.19-7.27 (m, 5H).

Ethyl 1-((2-((tert-butoxycar bonyl)amino)ethyl)amino)-2-phenylcyclopr opanecar boxylate (62):

To a solution of ethyb1 (1.5 g; 4.91 mmol) in dichloromethane (12 ml), trifluoroacatid (3 ml)
was added dropwise at 0 °C. The solution, turned dark rexistiveed at room temperature for 1
hour and then a solution of NaOH 1 M (10 mL) was added, andrtpnic layers separated,
washed with brine, dried over p&0O, and evaporated under reduced pressure. The colourless
product obtained after treatment was solubilized in dichlorometftan®.) and added dropwise to
a solution of the N-Boc-2-aminoacetaldehyde (272 mg; 1.71 mmalichloromethane (5 ml) at
room temperature. After 15 minutes, sodium triacetoxyborohyd8@é (mg; 4.26 mmol) was
added in one portion and the reaction mixture was stirredarh temperature until the TLC
showed the complete consumption of the amine. The solventewazorated under reduced
pressure and the residue was taken up in ethyl acetateamtegd with water (3 ¥0 mL), brine

and dried over N&O,. After evaporation of the solvent, the crude material jagied through a
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chromatography column eluting petroleum etle¢hyl acetate 6:4 to yield the title compound as a
pale yellow oil.

Yield: 42%

'H-NMR (400 Mhz-CDC}) (1= 0.75 (t, J = 7. 08 Hz, 3H), 1.43-1.45 (m, 11H), 1.95)(g,5.36
Hz, 1H), 2.64 (t, J = 8.52 Hz, 1H), 2.81-2.92 (m, 2H), 315 (M, 2H), 3.69-3.78 (m, 2H), 5.08
(s, 1H), 7.18-7.28 (m, 5H).

1-phenyl-4,7-diazaspir o[2.5]octan-8-one (63): To a solution of compoun®2 (240 mg; 0.68
mmol) in dichloromethane (2.5 ml), trifluoroacetic acid (th§ was added dropwise at 0 °C and
the mixture was allowed to stir at room temperature for 1 howoldtion of KOH 10% (10 mL)
was added dropwise to the reaction flask in an ice baththe stirring is continued for additional 2
hours. The precipitated obtained is collected, and purified thrlagh chromatography column
eluting dichloromethanenethanol 95:5 to yield the title compound as light pink solid.

Yield: 54 %

'H-NMR (300 Mhz-CDC}) (/= 1.38-1.43 (m, 1H), 1.73 (s, 1H), 2.13-2.17 (m, 1H), 2.43 #,
8.38 Hz, 1H), 3.19-3.51 (m, 4H), 5.87 (s, 1H), 7.17-7.285(#),

Tert-butyl (1-(hydroxymethyl)-2-phenylcyclopropyl)carbamate (64). A suspension of lithium
aluminium hydride (745 mg; 20 mmol) in dry THF (30 ml) was codte@ °C and ethyl 1-((tert-
butoxycarbonyl)amino)-2-phenylcyclopropanecarboxykite(1.5 g; 4.9 mmol) solubilized in dry
THF (10 mL) was added under nitrogen atmosphere. The reactidurenwas stirred at room
temperature until TLC showed the consumption of the limitieggent, and then a solution of
NaOH 1 N (5 mL) was added and the organic phase extractedthyl acetate (3 x 30 mL). The
combined organic layers were washed with brine, dried§®8a and concentrated under reduced
pressure to give a yellowish oil that is purified by chromafalyyacolumn eluting petroleum ether
ethyl acetate 9:1, yielding the title compound as a yellowils

Yield: 89%
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H-NMR (300 Mhz-CDC}) [= 1.49 (s, 9H), 1.95 (g, J = 5.36 Hz, 1H), 2.50 (t, J35 Hz, 1H),
3.32 (d, J = 11.82 Hz, 1H), 3.45 (d, J = 11.91 Hz, 1H),-3.88 (m, 2H) 5.38 (s, 1H), 7.22-7.35
(m, 5H).

2-Bromo-N-(1-(hydr oxymethyl)-2-phenylcyclopr opyl)acetamide (65): trifluoroacetic acid (2 ml)
was added dropwise at 0 °C to a solution of ethyl 1-((tert-butokpnyl)amino)-2-
phenylcyclopropanecarboxylat®t (1.027 g; 3.9 mmol) in dichloromethane (8 ml). Afterrsig at
room temperature for 1 hour, a solution of NaOH 1 N (3 mL) agded to the reaction mixture,
and the organic layers were separated, washed with bried,alrer NaSO, and evaporated under
reduced pressure. To a solution of the residue and triethydg®® pL; 6.07 mmol) in anhydrous
dichloromethane (25 mL) at 0 °C, a solution of bromoacetylcldo(ED9 pul; 6.12 mmol) in
dichloromethane (10 ml) was added dropwise. The reaction mwtsestirred until consumption
of the limiting reagent, as determined by TLC. The tieaanixture was then treated with HCl 1 N
(3 mL), and the organic layers separated, washed with, dimed over NgSQ, and evaporated
under reduced pressure, to give a crude material that iseputifrough flash chromatography
eluting dichloromethanenethanol 97:3, yielding5 as a pale yellow oil. Yield: 34%H-NMR
(400 Mhz-CDC}) 0= 1.35-1.49 (m, 2H), 1.99 (s, 2H), 2.75 (q, J = 7.52 H2), B#1-3.52 (m,
1H), 4.11 (s, 2H), 7.18 (s, 1H), 7.25-7.34 (m, 5H).

1-Phenyl-7-oxa-4-azaspir o[ 2.5]octan-5-one (66): under nitrogen atmosphere, to a suspension of
NaH (904 mg; 1.15 mmol) in dry THF (25 ml) at 0 °C, 2-broN¢i-(hydroxymethyl)-2-
phenylcyclopropyl)acetamidés (311 mg; 1.15 mmol), solubilized in dry THF (5 ml), was atlde
dropwise. The mixture was stirred at the same temper&dur2 hours and then poured into ice
water, and extracted with ethyl acetate (3 x 10 mL). ddmbined organic layers were washed
with brine, dried (NgSQ,) and concentrated under reduced pressure to give a yellowigtabis
purified by chromatography column eluting petroleum etbigryl acetate 8:2, yielding compound
66 as a pale yellow oil. Yield: 98%H-NMR (300 Mhz-CDC}) (1= 1.38-1.43 (m, 1H), 2.13-2.17

(m, 1H), 2.45 (t, J = 8.38 Hz, 1H), 3.19-3.51 (m, 4H), F87LH), 7.17-7.28 (m, 5H).
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(E)-3-(4-chlor ophenyl)-2-phenyl-prop-2-enoic acid (67): a solution of 4-Cl-benzaldehyde (2.0 g,
14.23 mmol), phenylacetic acid (1.9 g, 14.23 mmol) and tdizthiye (2.0 mL, 14.23 mmol) in
acetic anhydride (10 mL) was stirred at 90°C. After 6 hazfting the reaction was cooled to 25°C.
Diethyl ether (30 mL) and water (20 mL) were added: precipitaif a white solid occurred. The
resulting organic phase was extracted with 10% w/v of aqueocO$iNax10 mL). The combined
agueous layers were acidified to pH 2 using concentrated hydrimchktid; the precipitate was
filtered off and washed with water and dried obtaining 3&3}chlorophenyl)-2-phenyl-prop-2-
enoic acid (2.3 g, 63 % vyield) as a white salid.NMR (500 MHz , DMSO-d6) 1= 12.78 (s, 1 H),
7.74 (s, 1 H), 7.41 - 7.32 (m, 3 H), 7.29 - 7.24 (m,83=Hz, 2 H), 7.18 - 7.14 (m, 2 H), 7.07 - 7.02
(m, J = 8.8 Hz, 2 H).

(E)-methyl 2,3-diphenylacrylate: (1= (E)-3-(4-chlorophenyl)-2-phenyl-prop-2-enoic acid (2.3 g,
8.891 mmol) and powdered KOH (0.7 g, 12.00 mmol) were dissolvednetialylsulfoxide (3 mL)
and the mixture was stirred for 1 h at room temperature. loth@met(1.9 g, 13.00 mmol) was then
added and the solution was stirred for 1 h. The reactiongdik#ed with water and, precipitation
occurred. The suspension was filtered off and the resultiind) was washed with water and dried
obtaining methyl (E)-3-(4-chlorophenyl)-2-phenyl-prop-2-enoate (2.2 g%9%ield) as a white
solid. 1H NMR (500MHz ,CDG) = 7.80 (s, 1 H), 7.43 - 7.35 (m, 3 H), 7.23 - 7.18 (m2)2: 7.1
Hz, 2 H), 7.15 - 7.11 (m, J = 8.3 Hz, 2 H), 6.99 - 193J = 8.8 Hz, 2 H), 3.81 (s, 3 H). MS (ESI):
m/z: 273 [M+H].

Biological Assays

KDM 1A (LSD1) Enzyme Inhibition Assay

The complex of human recombinant KDM1A/CoREST protein was producédcoli as separate
proteins and co-purified following previously reported procedures.[1J6TB& experiments were
performed in 96 well half area white plates (cat. 3693, Coynt@rning, NY) using a mono-

methylated H3-K4 peptide containing 21 amino acids (custom syntimsésby Thermo Scientific)
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as substrate and in a in 40ul volume of 50 mM TRIS-HCI, fiHa8d 0.05 mg/ml BSA buffer. The
peptide purity was >95% as checked by analytical highspresliquid chromatography and mass
spectrometry. The demethylase activity was estimated umelebic conditions and at RT by
measuring the release ob® produced during the catalytic process by the Amplex® UltraRed
detection system coupled with horseradish peroxidase (HRiejlyB20 nM of KDM1A/CoREST
complex was incubated at RT for 15 min in the absence aribforpresence of various
concentrations of the inhibitors, 50uM Amplex® UltraRed (LifeAmologies) and 0.023 uM HRP
(Sigma) in 50 mM Tris-HCI| pH8.0 and 0.05 mg/ml BSA. The litors were tested twice in
duplicates at each concentration. Tranylcypromine (Sigmalsed as control. After preincubation
of the enzyme with the inhibitor, the reaction was initiatedalgition of 4.5uM of mono-
methylated H3-K4 peptide. The conversion of the Amplex® Ulted Reagent to Amplex®
UltroxRed was monitored by fluorescence (excitation at 510 nmgseon at 595 nm) for 12 min
and by using a microplate reader (Infinite 200, Tecan Groupz&tend). Arbitrary units were
used to measure the level of®4 produced in the absence and/or in the presence of inhibitien.
maximum demethylase activity of KDM1A/CoREST was obtaineth@absence of inhibitors and
corrected for background fluorescence in the absence of KDM1A&GS®R The 1G, was

calculated using GraphPad Prism version 4.0 (GraphPad SaofSardiego, CA).
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Figure 1 Tranylcypromine and other known KDM1A inhibitors.

Figure 2: A. Superposition of covalent binding pose of compound 1a (in slate blue) to the

crystallographic complex 4UV9 (in green). The amino group presents an opposite orientation
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in the covalent docking pose, but neither in the crystal structure nor in the docking

experiment is interacting with a protein residue. B. Binding poses found for compound 44a in

covalent docking experiments; here are proposed the best binding pose of the C4a and N5

adducts (orange and slate respectively).
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aReagents and conditions: a) NaH, DME, R-Br, reflux, overnight; b) nBuLi, DME, -78 °C to rt,

18h; ¢) LiOH, THF/H20/MeOH (3:1:1), MW, 100 °C, 10 min; d) diphenylphosphorylazide,

triethylamine, tBuOH, rt, then reflux; e) HCI (g), dioxane or Ethyl acetate; ?For R and R’ see

Table 1; cafter reaction b compounds are obtained as a mixture of the 2 enantiomers.
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aReagents and conditions: a) TEA, acetic anhydride, 90 °C, 6h; b) 1. KOH, CH3l, DMSO, 1h; 2.
(CH3)3SOI, NaH, DMSO, rt, 2h; ¢) LiOH, THF/H20/MeOH (3:1:1), MW, 115 °C, 70 min; d) DPPA,

TEA, tBuOH, 95 °C, 7h; e) HCI (diethyl ether solution 2.0 M).
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R2
\ ‘v
Ri > NH,

Entry R* R° AVGICg
1a* H Ethyl 0.77¢
1b* H Pheny 0.161
1c* H PhEt 0.202
1d* H Naph 0.218
1€ H Benz 0.617
1% H Methyl 1.72
Ada m-Br  Ethyl 0.031
45a m-Cl Ethyl 0.038
46a p-Br Ethyl 0.121
47a m-F Ethyl 0.07¢
48a p-Cl Ethyl 0.17¢
49a m-CF; Ethyl 0.11¢
50a m-OCH;  Ethyl 0.123
bla p-F Ethyl 1.021
52a p-CF;  Ethyl 0.248
53a o-Cl Ethyl 0.258
54a o-Br Ethyl 0.350
55a o-F Ethyl 0.352
56a p-Br,m-F  Ethyl 0.03t
57a p-OCF:  Ethyl 1.15¢
46b p-Br Pheny 0.043
48b p-Cl Pheny 0.55¢
44c m-Br PhEt 0.094
46¢c p-Br PhEt 0.101
48¢c p-Cl PhEt 0.096
51c p-F PhEt 0.173
44d m-Br Naph 0.251
45d m-Cl Naph 0.158
46d p-Br Napt 0.27¢
51d p-F Napt 0.64:
48d p-Cl Napt 0.267
46e p-Br Benz 0.187
48e p-Cl Ben: 0.23(
Sle p-F Ben: 1.05:

63 na’
66 na

Table 1 Activity of the newly synthesized

compounds against KDM1A
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#Compounds are a mixture of the 2 enantion?é\ssays done in replicates¥12). Mean values
are shown and the standard deviations are <30% of the fnearpounds resulted inactive up to

100uM.

Table 2 HOMO LUMO Energies, HOMO-LUMO gap calculated in vam and water for compounds, 1c, 44a

and44c.

VACUUM WATER

avg. 1C50  Enomo (V) ELumo(eV) AE (eV)  Enomo(eV) ErLumo(eV) AE (eV)

la 0.779 -9.88 -4.64 5.24 -6.92 -0.61 6.31
1c 0.20z -9.34 -4.55 4.79 -6.86 -0.65 6.21
44a 0.031 -9.40 -4.72 4.68 -6.87 -0.89 5.98
44c 0.09¢ -9.34 -4.63 4.71 -6.87 -0.91 5.96

Supporting Information Available: *H NMR, *C NMR, HPLC analysis of the title compounds,

and analytical data of intermediates, are availabkpporting information.
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