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Abstract

Candida albicans biofilm represents a major clinical problem dueit®intrinsic tolerance to anti-fungal
compounds and it has been highly related to indestin catheterized patients. Few compounds aided

as able to inhibit biofilm formation or to interé&ewith preformed biofilm oC. albicans. Here we report the
in vitro evaluation of anti-biofilm activity o. albicans ATCC 10231 of a series of new and already known
amine and amide indole derivatives. Among the stidiompounds, fifteen resulted active ©nalbicans
ATCC 10231 biofilm, with BMIGp < 16 pg/mL. Three of them? 23 and33) showed a selectivity towards
mature biofilm and the most active of them wasdbmpoun®3 (BMICso = 4 ug/mL). On the other hands,
two different compounds2(@ and 22) were selective towards biofilm formation with B&%, values of 8
png/mL. Otherwise, compoundks and 17 resulted active on biofilm formation BMigof 8 pg/mL and 2
pug/mL respectively and on mature biofilm with BM®f 2 ug/mL. These two last compounds also showed
an interesting activity towards the planktonic ef C. albicans. A selection of the more active compounds
was also evaluated on differe@t albicans strains (PMC1042, PMC1083 and ATCC 10261), shovang

comparable or higher anti-biofilm activity, espdigiaon mature biofilm.In vivo toxicity studies using the



Galleria mellonella larvae, were finally carried out on more activddle derivatives, showing that they are

poorly toxic even at the highest concentrationtete§500-1000 pg/mL).
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1. Introduction

Microorganisms, in their natural habitats, are fbuattached to surfaces and not only as free-flgatin
(planktonic) organismsCandida albicans is a part of the normal microbiota of humans, \Wwhatlows the
contact with most medical devices and host surfgoesnitting formation of robust biofilms [1andida
biofilms lead to recurring infections and in sones&s death [2] and it has been estimated thatytheaa
responsible for up to 65% of infections in cathiett patients [3]C. albicans biofilm presents a significant
clinical problem, with current treatment optionyesely limited by the intrinsic tolerance of fundabfilms

for anti-fungal [4]; as a matter of fadtiofiims of C. albicans are less susceptible to many antifungal drugs,
including fluconazole [5]. Few molecules were répdrin literature to inhibit or to prevent tie albicans
biofilm formation; therefore, there is a strong aiéer the development of novel antifungal biofiltnagegies.

In previous works, we focused our attention onfangal compounds, particularly, we studied compaund
active agains€. albicans planktonic cells [6, 7] and biofilm [8]; studyirset of cinnamic acid derivatives,
we identified a new indole compound which was actigainst biofilm formation df. albicans with a MIC

of 8 ug/mL [9].

The analysis of literature on the anti-biofilm &ty of indolic compounds evidenced few data, sashthe
paper of Oh and co-workers [10] that reports thiéitalof indole and indole-3-acetonitrile to repsethe
biofilm formation in C. albicans interfering with quorum sensing and to inhibit theast filamentation.
Recently Vila and Lopez-Ribot have identified thedale derivative MMV688768, as the most potent
compound belonging to a synthetic library, whictsvaéle to reduce the metabolic cell activity witthie C.

albicans preformed biofilm [11].



On these bases we decided to explore the anthhiaittivity of the indole moiety and, therefore, Wwave
selected a set of indole amine and amide deriva&inth the aim to identify new compounds able terifere
with the C. albicans biofilm. We have selected small indole molecules alreadyvknim the literature or
commercially available and furthermore, we havegiesi and synthesized some new original compounds.
In particular, tryptamine has been chosen as staodbmpound and its structure was modified as redlin
Chart 1. A set of amine derivatives was obtainedbingling the amine function of the tryptamine to an
aromatic group, such as naphthyl or variously stilistl benzylic group or to a heterocycle suchyaglme,
nitrofuran and indole. A further series of amineaswobtained by molecular duplication starting from
tryptamine, coupled with terephthalaldehyde or frbtindole-3-carbaldehyde coupled with linear alkyl-
diamines.

Moreover, we synthesized a series of amide devesticontaining a set of compounds analogous t@ sm
the amine derivatives and a set of amides obtaliyedonjugation with some representative nonstetoida
antiinflammatory drugs (NSAIDs), as some authopored the inhibitory activities of NSAIDs agair(t

albicans biofilm [12, 13].
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Chart 1: designed indole derivatives

All synthesized compounds were evaluated for thesiac against planktonically grown cells .
albicans as well as on preformed and formi@galbicans biofilm. Finally, the most active compounds
were selected in order to evaluate the in vivoditxiusing the larvae of the greater wax ma@hlleria
mellonella.

2. Results and discussian
2.1 Chemistry

In the group of studied compounds, some are knowthe literature, others are commercially availdhlée
synthesized on request and not easily purchasedighrour usual suppliers, others are not known or
described in literature. All the compounds havenbee-synthesized, in some cases according to the

procedures described in the literature, as foathae derivatived [14], 3 [15], 10[16],17[16], 18[17], 21
4



[18], 22 [18], and23 [19]; in the other cases the target compounds wbtained by alternative methods or
by modification of literature procedure, as spedfifor each compound. The amine derivatives were
prepared following two synthetic methods, illustichin the Schemes 1 and 2. The compoihés7, 9, and
11-16, were synthesized by direct reductive aminatiordifiyong the procedures reported in literature [20].
The reaction has been carried out in MeOH usingallsamount of acetic acid as catalyst angicoline-
borane as reductive agent. Equimolar amounts oh@naldehyde, and-picoline-borane were generally
used and the reaction was monitored by IR spedpysto evaluate the disappearance of the carbonyl
stretching band of the aldehyde function aroundié®0 cm* and by TLC. At this point 10% aqueous HCI
was added and the obtained aqueous acid solutisnnesatralized to pH = 7 by the addition of satutate
aqueous N#CO;. The obtained residues were purified by chromatfolgy on a silica gel column and/or by
crystallization. The structure of synthesized coomus was confirmed by spectroscopic analysis, as th

appearance of the benzyl methylene singlet betée@and 3.64 ppm in tHel-NMR spectra.

Ry
o} R=
R—4 R3 Ry n
H
H Ry
NHy — > N._-R 14R=
Qj/\/ - Qj/\/ 2: R,=R,=R,=Rs=H; R;=N(CH), \
N N 6: R,=R,=R,=R,=H; R;=NO,

7: R,=NO,; R,=R,=R,=R.=H
2,6,7, 9,11-16 1T TS ]\

9: R;=R,=R,=R,=H; R,=OH 15R= o O,
11: R,=R,=R,=H; R,=NO,; R;=Cl

12: R,=R,=R.=H; R,=NO,; R,=OCH,
13: R,=R,=H; R,=R,=R,=OCH, 16 R=

Scheme 1Synthetic procedure for amings6, 7, 9, 11-16(Method A).Reagents and conditions: a) pic-BHs, AcOH, MeOH, 2h,

rt.

The amine derivatived, 5, 8, 19, 20, 24-26 were synthesized following the method B procedure. Amine
reagent and appropriate aldehyde were dissolvéldeimequired amount of dichloromethane and molecula
sieves were added as desiccant agents. The reac®monitored by IR spectroscopy to confirm thenem
formation, with stretching absorption band aroufd@.cni', and the disappearance of the aldehyde band at

about 1700 cm. The obtained imine intermediate, after removalnaflecular sieves and solvent, was



reduced without further purification, by treatmemth NaBH, in methanol. The obtained crude residues
were purified by chromatography on a silica geluomh and/or by crystallization. The structure of the
synthesized compounds was confirmed by spectroseoyalysis, as the appearance of the benzyl meihyle

singlet between 3.80 and 3.74 ppm in tHeNMR spectra.
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Scheme 2 Synthetic procedure for aminds5, 8, 19, 2Q 24-26 (Method B).Reagents and conditions: @) molecular sieves (4A),

CH,ClI,, 12h, rt;b) NaBH,, MeOH, 2h, rt.

The amide derivativ@7 was prepared as described by Honegr and coll. §dl] amide<9, 30 and 34,
already described in the literature [22, 23] wereppred in higher or equivalent yields than thosscdbed
but using milder reagents and conditions. The ame4l1 were prepared following the procedure
illustrated in the Schemes 3 andThe synthesis was carried out using carbonyldiimotia (CDI) as
activating agent of the carboxylic acid functionlthdugh the reactivity of the CDI-carboxylic acid
intermediate is lower than acid chlorides, CDI isrencontrollable and allows to avoid the use of enor
reactive activating agents, such as thionyl chigridhich may cause cross reactions. Therefore, &3l
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suspended in ethyl acetate and the opportune cdibacid was added, the reaction was heated toxréd
improve solubility of the reagents and it was morad by IR spectroscopy evaluating the appearantveoo
carbonyl stretching bands around 1735 and 1706 concerning the CDI-carboxylic acid intermediate.

At this point tryptamine was added and the reacivas refluxed until the appearance of the amidbarayi
stretching band in the IR spectra between 1634 H%0 cm'. The compounds were purified by
chromatography on a silica gel or alumina columt/anby crystallization. Also in this case, theusture of
final compounds was confirmed by spectroscopicyaigl as an example in tHel-NMR spectra of amide
derivatives was observed the shift of the signa ttuthe -CH-NH- group from 2.67 ppm (tryptamine) to

3.62-3.55 ppm (amide derivatives).
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Scheme 3.Synthesis of amide compound23{40). Reagents and conditions: a) CDI, AcOEt, 5h, reflux;b) Tryptamine, 12h,

reflux.
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Scheme 4Synthesis of amidél. Reagents and conditions: a) CDI, AcOEt, 5h, refluxp) Tryptamine, 12h, reflux.




The detailed synthetic procedures, the analytiodl spectroscopic data of the new and the re-syaties

compounds are reported in the experimental seatidmare in agreement with the proposed structures.

2.2 Microbiological assays

The synthesized compounds41 have been screened agai@stalbicans planktonic cells and again&t
albicans biofilm, in formation and mature (24 h), accorditoythe literature procedures [24, 25], usiDg
albicans ATCC 10231, a strain sensitive to fluconazole @anktonic cells (0.5 pg/mL) and resistant in the
different phases of biofilm formation (BMg128 pg/mL on biofilm formation and >128 pug/mL omtore
biofilm). All the compounds showing anti-biofilm dranti-fungal activity with BMIG, and MIG, values

lower than 64 pug/mL were reported in the Table 1.

Table 1.Antifungal activity of the amine and amide derivas againsC. albicans ATCC 10231 biofilms and planktonic cells.

Rs, R3
H BMIC 50 MIC 50
] Rp (ng/mL) (Hg/mL)
N Ry
H
Mature Biofilm Planktonic
Compound R R Rs Ra Rs biofilm formation cells
1 H H H H H 32 32 >128
2 H H N(CHy), H H 16 32 >128
3 H H Br H H 8 8 64
4 H Br H H H 32 4 64
5 Br H H H H 16 16 128
6 H H NGO, H H 32 32 >128
7 NO, H H H H 8 64 >128
8 H H Cl H H 32 16 32
11 NO, H H H Cl 8 16 >128
12 H NO, OCH; H H 32 128 >128
H
N _R
|
N
H
R




15 [\ 16 16 >128

o~ ~NO,

16 2 8 16
(@]

17 R/@ @ 2 2 4

21 W© 64 8 64

NO,
22 Y\/@ >128 8 >128
N N—< >—No2
23 Q’\( — 4 >128 >128
N
H

y
N \ H
24 NAQVN : 8 16 >128
H
N

27 32 32 >128
=
28 | 32 32 >128
N
“
29 SN 64 >128 >128
/ A\
33 o NO, 16 128 >128
36 W 8 16 >128
Tryptamine >128 128 >128
Fluconazole >128 128 0.5

The inhibition of biofilm formation and destructiai pre-formed biofilm were evaluated by measutting metabolic activity of
cells within the biofilm (XTT assay). The BMIC embint for biofilm is based on the lowest drug cameation producing a
decrease of 50% metabolic activity relative to tinéreated growth control. MIC end point for plamkitocells is based on lowest
drug concentration that prevented 50% of growtlinwdgispect to the untreated control. At least twoeednents were performed on
two separate dates for each compound tested licatip. The results were expressed as median. Camascsshowing BMIG, and
MICs, values higher than 64g/mL are not reported in the table.

In the first set of amine derivatives of the tryptae compoundslf13 we identified ten active compounds
(1-8, 11and12) which differ for the presence of various substittion the phenyl ring. The compouhdhat

does not present substituents on the benzyl groap,a good activity both on biofilm formation and o
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mature biofilm (BMIG, = 32 ug/mL); taking it as reference, we try tolioet structure-activity relationships
(SAR). The presence of a halogen, as bromine ariag, on the phenyl ring produces an increasénef t
anti-biofilm activity, in particular on forming biibm, as can be observed for compourgjs4, 5 and8.
Furthermore, bromine was slightly more effectivarttchlorine in increasing the anti-biofilm activitgs
shown by the comparison betwerand 8. The introduction of a nitro group ipara position on phenyl
(compoundb) retains the same activity of compouhdout, if the nitro group is placed ontho position, the
activity on mature biofilm enhances as the BMi®alue decreases from 32 to 8 pug/mL (compound
Combining the presence of the nitro group and aidoon the phenyl ringl@) also the anti-biofilm activity
was combined; indeed,1 possess the same activity ©on mature biofilm (BMIGy, = 8 pg/mL) and the
same activity o8 on biofilm formation (BMIGo = 16 pg/mL).

On the other hand, the introduction of a hydroxg/an methoxy groups on the phenyl rirfy {0 and13)
dramatically reduced the anti-biofilm activity (BRY, > 128 pg/mL), compared to the compoundn the
same way, the simultaneous presence of the nitapgand a methoxy groufid) decreases the activity on
biofilm formation (BMIGs, = 128 pg/mL). Finally, compoun®, containing a dimethylamino group on the
phenyl ring, shows an interesting activity on mathrofilm, with a BMIGy value of 16 pg/mL. In general,
these amine derivatives do not show activity omktianic cells, except foB, 4 (MICso = 64 ug/mL both)
and 8 (MICso = 32 ug/mL), consequently it is reasonable to imaghat these compounds could interfere
with some specific biofilm mechanisms.

Tryptamine, tested as reference molecule, doeshmw any activity, either on planktonically growells or

in formation and mature biofilms, as reported inbl€al. This evidence suggests that the structural
modification of the primary amine function of trgptine is a key requirement to obtain the anti-biofi

activity.

In a second set of amine derivativdl-23) the phenyl group was replaced with various aramnand
heteroaromatic ringsl4-20), with cinnamic or 4-nitrocinnamic group2l( 22) or modified by introducing a
piperazine spacef®). The activity data showed in the Table 1 indidht&t the nitrofurane derivativad )
has a good activity on mature biofilm and on brafiformation with BMIG, of 16 pg/mL. Moreover, the

naphthyl (6) and the 4-phenoxybenzyl derivativdg)(are very active against biofilm in formation (B&4b
10



= 8 and 2 pg/mL, respectively) as well as on mahioéilm (BMICso = 2 pug/mL, both) and they are also
active on planktonic cells (16 andug/mL, respectively), though less than fluconaz@® (1g/mL). These
data also suggest that the anti-biofilm activity asfmpoundsl6 and 17 could be due to a combined
mechanism of action directed on planktonic celld an the biofilm. The replacement of benzyl gro@iphe
compoundl with cinnamic moiety, to obtain compoun#$ and22, has produced an enhancement of the
anti-biofilm activity, selectively against biofilnrm formation, with the reduction of BMKg value from 32
pg/mL to 8pg/mL.

The activities of compound$4, 18-20on biofilm mature and in formation, as well on amic cells,
ranging from 64 to >128&ig/mL, indicates that the replacement of the phayrgup of the reference
compoundl with other heterocyclic groups, as indolef)(and pyridines 18-20, resulted in a significant
reduction of the anti-biofilm activity. The introdtion of a piperazine group between indole ancphenyl
functions to obtain compoun®3 has produced an enhancement of the anti-biofiltiving selectively
against mature biofilm, with BMI§g value of 4ug/mL.

In the set of amide derivative27%35) only four compounds showed MiEand BMIG, values lower than
64 ug/mL (Table 1). It can be observed that the amielévdtive 27 corresponding to amine compourtls
retains the activity both on biofilm formation anmd mature biofilm with a BMIG value of 32 pug/mL.
Among the pyridine derivative®28-30) only compound28 has the same activity &7, also significantly
better than to the analogous amine derivati®; (the others pyridines present BMialue range from 64
to >128 pg/mL on mature biofilm, on biofilm formai, as well on planktonic cells. The replacement of
phenyl group with nitrofurane moiety to obtain caupd 34 have produced an enhancement of the anti-
biofilm activity, selectively against biofilm in fmation, with the reduction of BMKg value from 32ug/mL

to 16 ug/mL.

Moreover, the substitution of phenyl with pyrazif®), indole 34), or isoxazole 35) rings resulted in a
significant reduction of the anti-biofilm activity.

The amide bond was useful to conjugate the tryptanmoiety to NSAIDs, as ibuprofen, ketoprofen,
mefenamic acid, niflumic acid and indomethacin twiamn the amide derivative36-4Q In literature, as

described above, it is reported the bacterial aimgydl anti-biofilm activity of some NSAIDs, but gnihe
11



hybrid between tryptamine and ibuprofe36)f shows a good activity on mature and in formatbofiim,
with BMICsg value of 8 and 1@g/mL, respectively. Finally, all the amide composrtb not show activity
againstC. albicans planktonic cells.

The duplication of the indole moiety to obtain diamderivatives Z4-26), induced different effects on anti-
biofilm activity that depend on the nature of thmacer. The presence of an aromatic linker incredised
activity, as can be noticed for compou2¥ that possess BMUKg values of 8 and 1Ag/mL on mature and
formation biofilm respectively; otherwise, an algtic spacer decreases significantly the activitynathe
cases of compoun@&band26 (BMICsp > 128 pug/mL).

Lastly, the duplication of indole moiety with insen of a pyridine to obtain diamide derivati44, on the
contrary, does not produce activity on mature amchétion biofilm and on planktonic cells (BMdg&> 128
pg/mL).

The most active compounds were also tested onreiiffestrains ofC. albicans, coming from the American
Type Culture Collection@. albicans ATCC 10261) and from the Pharmaceutical MicrolygldCulture

Collection C. albicans PMC 1042 and PMC 1082) (Table 2).

Table 2.Antifungal activity of selected amine and amideiiives against biofilm formation, mature biofilamd planktonic cells
of C. albicans PMC1042, PMC1083 and ATCC 10261.

C. albicansPMC1042 C. albicansPMC1082 C. albicansATCC10261
BMIC 5 MIC 54 BMIC 5 MIC 5 BMIC 5 BMIC 5
(Hg/mL) (Hg/mL) (Hg/mL) (Hg/mL) (Hg/mL) (Hg/mL)
Compound Mature Biofilm Planktonic Mature Biofilm Planktonic Mature Biofilm Planktonic
biofilm  formation cells biofilm  formation cells biofilm formation cells
3 2 8 16 4 8 32 8 8 32
16 2 8 128 2 8 32 8 8 32
17 2 8 64 2 8 16 8 8 16
23 2 32 >256 2 32 >256 8 32 >256
24 2 8 >256 4 8 >256 4 4 256
36 2 8 >256 4 8 >256 8 8 >256
Fluconazole >64 >64 8 >64 >64 0.125 >64 >64 2

The inhibition of biofilm formation and destructia pre-formed biofilm were evaluated by measuting metabolic activity of
cells within the biofilm (XTT assay). The BMIC emmbint for biofilm is based on the lowest drug camtcation producing a
decrease of 50% metabolic activity relative to tireated growth control. MIC end point for plamicells is based on lowest
drug concentration that prevented 50% of growtlinwdgispect to the untreated control. At least twoeeinents were performed on
two separate dates for each compound tested licatip. The results were expressed as median.

12



The compounds, 16, 17, 23, 24 and36 were active also towards biofilm fro@ albicans ATCC 10261,
PMC 1042 and PMC 1082 strains, and showed, in casts, BMIG, values lower than those observed on
ATCC 10231 strain. The obtained results indicat¢ these indole derivatives are more effective @tune
biofilm than on biofilm formation, suggesting ththey could act more selectively in the advancedestaf
biofilm formation, rather than in the early stages.

The evaluation of selective toxicity is an extreynhportant and preliminary phase in the developnun
new compounds of pharmaceutical interest; forridéson, we decided to study in vivo toxicity, asaléed
by Dolan et al. [26], using the larvae of the Geeatiax moth,Galleria mellonella. McCann et al. have
demonstrated that the toxicity exhibitedG@imellonella was similar to that observed in Swiss mice [27]. A
selection of the synthesized derivatives that etdudbgood anti-biofilm activity3, 7, 16, 17, 23, 24 and36)
was chosen for the evaluation of their toxicitym@ist all compounds tested displayed a 100% survatael
of G. mellonella larvae. Compound3and23 at the concentration range of 5-500 pg/mL and aamgd36 at
the concentration range of 10-1000 pg/mL, displayd®0% survival rate after 72 h. Compout@sand24

at the concentration of 50 pg/mL and compoirad the concentration of 50 and 100 pg/mL displeay/©0%
survival rate after 72 h and 100% survival at ttieepconcentrations after 72 h (statistically righgicant,
Student’s t test, P> 0.1). Compouhdat the concentration of 500 pg/mL displayed a $0%vival rate after

24 h, a 70% survival rate after 72 h (Studentesst,tP<0.05) and 100% survival for the other cotraénns

after 72 h. (Table 3).

Table 3 Survival rate of>alleria mellonella larvae (expressed as %) at 24, 48 and 72 h &fténjection of the indole derivatives

3,7,16,17, 23,24 and36.

Dosage G. mellonellasurvival (%)” Dosage G. mellonellasurvival (%)”
Cmpd  concentration Cmpd  concentration

(ug/mL)® 24h 48h 72h (ug/mb)® 24h 48h 72h

3 500 100 100 100 23 500 100 100 100
100 100 100 100 100 100 100 100
50 100 100 100 50 100 100 100
10 100 100 100 10 100 100 100
5 100 100 100 5 100 100 100

7 500 100 100 100 24 500 100 100 100
100 90 * 90 * 90 * 100 100 100 100

50 90 * 90 * 90 * 50 100 90 * 90 *

13



10 100 100 100 10 100 100 100

5 100 100 100 5 100 100 100
16 500 100 100 100 36 1000 100 100 100
100 100 100 100 500 100 100 100
50 90 * 90 * 90 * 100 100 100 100
10 100 100 100 50 100 100 100
5 100 100 100 10 100 100 100
17 500 90 ** 70 ** 70 **
100 100 100 100
50 100 100 100
10 100 100 100
5 100 100 100

#Compounds were dissolved in sterile water (contgimeéss than 1% v/v of DMSO) and the volume injédtéo the last, left pro-
leg, of theG. mellonella larvae was 2QuL; ° The results represent the mean percentage ofvslinof two independent
experiments, ofs. mellonella larvae, as a function of the administered dosa@tudent’s t test, P > 0.1; ** Student’s t testgP
0.05.

3. Conclusions

The synthesis of indole derivatives has allowediémtify new compounds endowed of anti-biofilm wityi.

In general, it was observed that the halogen diéves have shown higher inhibition activity bothroature
and of in formation biofilms, in particular the Ionane derivatives are more effective than chlorineso For
almost all nitro derivatives, except f@, a higher activity against mature biofilm was afsd; this could
be related to the ability of these compounds toeggie ROS. In fact, it is known from the literatihat
compounds able to induce the production of ROSgsssa potential anti-biofilm activity [28, 29].

Many of the synthesized compounds showed higharitgctowards biofilm (both mature and in formatjon
if compared with planktonic cells. This fact colld related to a different susceptibility due to phenotypic
and physiologic differences between biofilm (sessills) and non-adhered (planktonic cells). Moezpv
this selectivity could be explained considering tin@ molecules could act by preventing the adimesfdhe
cells to form biofilm and/or favoring the releadelwe cells in planktonic form which would resuita lesser
amount of experimentally determined biofilm.

Finally other interesting compounds are the naghthg) and the 4-phenoxybenzyl®) derivatives, that
showed high activity againg. albicans ATCC 10231 mature biofilm (BMI§ 2 pg/mL) and biofilm in
formation (BMIG, 8 pug/mL and 2 pg/mL respectively) as well as oanktonic cells (MIGy, 16 and 4

pug/mL respectively) though less than fluconazole@d410.5 pg/mL). These data also suggest that the anti-
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biofilm activity of compound46 and17 could be due to a combined action on planktonils @nd on the
biofilm; indeed, they could be considered good leahpounds to develop new antifungal drugs.

Promising anti-biofilm compounds have been idemdifiand the combination of these compounds with
established antifungal agents could have additivayoergistic action that should be studied.

Further investigations into the development of ot anti-biofilm agents against other microorgams

based on these results are still in progress.

4. Experimental section
4.1 Chemistry
4.1.1 Materials and methods

Reagents and solvents were of analytical gradevesré purchased from Sigma-Aldrich (Milano, Italy).
Melting points were determined on Tottoli apparaBsichi) and are uncorrected. Infrared spectra were
recorded on a Perkin Elmer Spectrum One FT-IR speetter equipped with an ATR systetH-NMR and
13C-NMR spectra were acquired on a Bruker AVANCE-4p@ctrometer at 9.4 Tesla, in DM$g)-CD;0D,
CDCl;, CD.Cl, and Acetoneds at 27 °C; chemical shift values are givensirippm) with respect to the
solvent residual peak (DMSO = 2.50 ppm,{0D = 3.31 ppm, CDGI= 7.26, CRCl, = 5.32 ppm, Acetone

= 2.05 ppm). Coupling constants are given in Hze T¢ilowing abbreviation were used: s = singlet: d
doublet, t = triplet, g = quartet, m = multiplethr = singlet broad, dd = doublet of doublets, dt slulet of
triplets. Mass spectra were recorded on a Thernmigan LCQ Classic LC/MS/MS ion trap equipped with
an ESI source and a syringe pump. Samples-{DF M in MeOH/H,O 90:10) were infused in the
electrospray system at a flow rate of 5-10 pul'lihen necessary, 50 pL of 4™ aqueous HCOOH or 10

2 M aqueous Nklwere added to the sample solutions, in order emnpte the analyte ionization. Elemental
analyses were obtained by a PE 2400 (Perkin-Elmea)yser; analyses indicated by the symbols of the

elements or functions were within + 0.4 % of thedtetical values.

4.1.2 General procedure for the synthesis of amir@mpounds
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Method A: Tryptamine and the opportune aldehyde (1:1 moltwo)ravere dissolved in 10 mL of MeOH-
AcOH (10:1), pic-BH was added, and the reaction mixture was stirre@® fo at room temperature. Then
MeOH was evaporated under reduce pressure and18Clk( 10 mL) was added to the residue. The aqueous
solution was stirred for 0.5 h at room temperatthien cooled in an ice bath and J8&; (= 2.5 g) and HO

(10 mL) were added until pH = 7. The aqueous smtutvas extracted with AcOEt (3 x 30 mL) and the
combined organic layers were washed with brine ifil5, dried over NgSO, and concentrated under
reduced pressure.

Method B: Tryptamine, the opportune aldehyde (1:1 or 2:llameoatio) and molecular sieves (4 A) in
CH,CI, (20 mL) were stirred at rt for 12 h. The mixturasmhen filtered on a celite pad, concentrated and
treated with NaBklin MeOH (30 mL) at rt for 2 h. After reaction MeOMas evaporated under reduced
pressure, BD (15 mL) was added and the mixture was extractigd @H,Cl, (3 x 20 mL). The organic
layers were dried over N&O, and the solvent was removed under vacuum.

4.1.2.14-(((2-(1H-indol-3-yl)ethyl)amino)methyl)-N,N-dimethylaniline (2)

Compound2 was prepared using tryptamine (0.208 g, 1.30 mme{jlimethylamino)benzaldehyde (0.194 g,
1.30 mmol) and pic-Bki(0.139 g, 1.30 mmol), following the method A prdaee. The obtained residue was
subjected to silica gel column chromatography ugic@Et/MeOH (1:1) to give a yellow-orange solid, mp
98-99°C (R = 0.24, 80.5 mg, 21 % vield). IR (&M vn.n 3281, finger print 1215, 1170, 1097*H-NMR
(DMSO-dg) 6 (ppm): 10.75 (dr, 1H, -NH- indole); 7.52 (d) = 8.0 Hz, 1H, indole proton), 7.31 (@= 8.0
Hz, 1H, indole proton); 7.12-7.10 (m, 3H, aromaiotons); 7.04 (t) = 7.2 Hz, 1H, indole proton); 6.94 {,

= 7.1 Hz, 1H, indole proton); 6.65 (d,= 8.4 Hz, 2H, aromatic protons); 4.10 (bs, 1H, Aldine); 3.60 (s,
2H, Ph-CH-NH-); 2.84 (s, 6H, -N(Ch),); 2.84-2.74 (m, 4H, -CH CH,-). **C-NMR (MeOD)  (ppm):
151.6, 138.2, 130.4, 128.6, 128.5, 123.4, 122.9,611119.3, 114.2, 113.4, 112.3, 53.7, 50.0, 4619. ESI-

MS (m/z): (M+H) = 293.47. Anal. C19H23N3 (C, H, N).
4.1.2.2N-(3-bromobenzyl)-2-(H-indol-3-yl)ethanamine (4)

Compound4 was prepared using tryptamine (0.160 g, 1.00 mn®hromobenzaldehyde (14, 1.00
mmol) and NaBH (0.076 g, 2.00 mmol), following the method B prdeee. The obtained residue was
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subjected to silica gel column chromatography usihyCl,/MeOH (9:1) to give a pink solid, mp 64-66°C
(Rs = 0.37, 198 mg, 60 % yield). IR (¢t vn.n 3289, finger print 1232, 1110, 1076, 10éB{-NMR
(DMSO-dg) 6 (ppm): 10.77 (s, 1H, -NH- indole); 7.55 (s, 1Homatic proton); 7.49 (d] = 7.8 Hz, 1H,
indole proton); 7.41 (dd]l = 7.8 Hz, 1H, aromatic proton); 7.32 (&= 7.9 Hz, 2H, aromatic protons); 7.25 (t,
J = 7.7 Hz, 1H, aromatic proton); 7.12 @= 2.1 Hz, 1H, indole proton); 7.05 (t,= 7.2 Hz, 1H, indole
proton); 6.96 (tJ = 7.3 Hz, 1H, indole proton); 3.74 (s, 2H, Ph-WH-); 2.84 (t, J = 6.8 Hz, -CIHCH,-);
2.77 (t, J = 6.4 Hz, 2H, -GHCH,). " C-NMR (CDCk) 5 (ppm): 142.8, 136.4, 131.1, 130.0, 129.9, 127.4,
126.7, 122.5, 122.1, 122.0, 119.4, 118.9, 113.8,21153.3, 49.3, 25.8. ESI-MS (m/z): (M+H 328.67

(85); 330.80 (100). Anal. C17H17BrN2 (C, H, N).
4.1.2.3N-(2-bromobenzyl)-2-(H-indol-3-yl)ethanamine (5)

Compound5 was prepared using tryptamine (0.160 g, 1.00 mn#hromobenzaldehyde (116, 1.00
mmol) and NaBH (0.076 g, 2.00 mmol), following the method B prdeee. The obtained residue was
subjected to silica gel column chromatography usikCl,/MeOH (9:1) to give a pink solid, mp 95-96°C
(R = 0.43, 124 mg, 38 % yield). IR (cH v 3265, finger print 1321, 1218, 1087, 928:-NMR (DMSO-
ds) 6 (ppm): 10.78 (s, 1H, -NH- indole); 7.56 = 7.9 Hz, 1H, indole proton); 7.52 — 7.49 (m, 2kKymaatic
protons); 7.36-7.32 (m, 2H, aromatic protons); Atti8J; = 7.7 Hz,J, = 1.6 Hz, 1H, aromatic proton); 7.14
(d, J = 2.1 Hz, 1H, indole proton); 7.05 (t,= 7.2 Hz, 1H, indole proton); 6.96 t,= 7.4 Hz, 1H, indole
proton); 3.80 (s, 2H, Ph-GHNH-); 2.89-2.82 (m, 4H, -CH CH,- NH-). "C-NMR (MeOD)5 (ppm): 138.1,
136.9, 132.5, 130.3, 128.7, 127.3, 127.2, 123.2,22121.0, 118.2, 117.9, 111.8, 110.9, 52.7, 483453.

ESI-MS (m/z): (M+HJ = 328.80 (100); 330.87 (80). Anal. C17H17BrN2 K N).
4.1.2.42-(1H-indol-3-yl)-N-(4-nitrobenzyl)ethanamine (6)

Compound6 was prepared using tryptamine (0.301 g, 1.88 mnmbh)jtrobenzaldehyde (0.284 g, 1.88
mmol) and pic-BH (0.201 g, 1.88 mmol), following the method A prduee. The obtained residue was
subjected to silica gel column chromatography usiitgally CHCI3; and subsequently CHZMeOH (9:1) to

give a yellow solid, mp 55-57°C {R 0.27, 453 mg, 82 % yield). IR (¢H vn.u 3416,vn021513 and 1345,
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finger print 1231, 1106, 10734-NMR (DMSO-ds) & (ppm): 10.77 (dr, 1H, -NH- indole); 8.16 (d) = 8.7
Hz, 2H, aromatic protons); 7.61 (d,= 8.6 Hz, 2H, aromatic protons); 7.49 ®= 7.8 Hz, 1H, indole
proton); 7.32 (d,J = 8.1 Hz, 1H, indole proton); 7.13 (@= 1.7 Hz, 1H, indole proton); 7.05 &= 7.0 Hz,
1H, indole proton); 6.95 (1] = 7.7 Hz, 1H, indole proton); 3.88 (s, 2H, Ph-a¥%H-); 2.8 (t,J = 6.8 Hz, 2H,
-CH,- CH,- NH-); 2.79 (t,J = 6.8 Hz, 2H, -Clt CHy- NH-). *C-NMR (DMSO-dg) & (ppm): 150.1, 146.7,
136.7,129.2, 127.7, 123.7, 123.0, 121.3, 118.8,5.1112.9, 111.8, 52.6, 50.0, 26.0. ESI-MS (m(i)t+H)"

= 295.87. Anal. C17H17N302 (C, H, N).
4.1.2.52-(1H-indol-3-yl)-N-(2-nitrobenzyl)ethanamine (7)

Compound? was prepared using tryptamine (0.160 g, 1.00 mnihitrobenzaldehyde (0.151 g, 1.00
mmol) and pic-BH (0.107 g, 1.00 mmol), following the method A prdaes. The obtained residue was
subjected to silica gel column chromatography ugie@Et/MeOH (9:1) to give a brownish solid, mp 70-
73°C (R = 0.58, 53 mg, 18 % vyield). IR (¢H1 vn.n 3288,vno2 1515 and 1340, finger print 1230, 1105,
1073.*H-NMR (MeOD) (ppm): 7.94 (dJ = 8.1 Hz, 1H, aromatic proton); 7.60Jt= 7.2 Hz, 1H, aromatic
proton); 7.53-7.44 (m, 3H, aromatic protons); 7(83J = 8.1 Hz, 1H, indole proton); 7.09-7.04 (m, 2H,
indole protons); 6.94 (] = 7.4 Hz, 1H, indole proton); 4.01 (s, 2H, Ph-£¥H-); 3.00-2.92 (m, 4H, -CH
CH,). ®*C-NMR (MeOD) & (ppm): 149.0, 136.9, 133.9, 133.0, 131.6, 128.2, 127.2,512122.1, 121.0,
118.2, 117.8, 111.8, 110.9, 49.7, 48.7, 24.8. ESI{uh/z): (M+H) = 295.80. Anal. C17H17N302 (C, H,

N).
4.1.2.6N-(4-chlorobenzyl)-2-(H-indol-3-yl)ethanamine (8)

Compound8 was prepared using tryptamine (0.160 g, 1.00 mmbbhlorobenzaldehyde (0.141 g, 1.00
mmol) and NaBH (0.076 g, 2.00 mmol), following the method B prdeee. The obtained residue was
subjected to silica gel column chromatography usikCl,/MeOH (8:2) to give a white solid, mp 83-85°C
(R = 0.53, 219 mg, 77 % yield). IR (¢t vy 3416, finger print 1218, 1092, 10181 NMR (DMSO-dg) &
(ppm): 10.77 (s, 1H, -NH- indole); 7.48 (@,= 7.8 Hz, 1H, indole proton); 7.35 — 7.31 (m, Somatic
protons); 7.12 (dJ = 2.1 Hz, 1H, indole proton); 7.05 &= 7.3 Hz, 1H, indole proton); 6.96 &= 7.3 Hz,

. 13
1H, indole proton); 3.74 (s, 2H, Ph-GNH-); 2.87-2.76 (m, 4H, -CH CH,- NH-). C NMR (MeOD)?
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(ppm): 137.6, 136.9, 132.6, 129.7, 128.1, 127.2,1,2121.1, 118.3, 117.9, 111.9, 111.0, 51.9, 4347.

ESI-MS (m/z): (M+H) = 284.93 (100); 286.87 (30). Anal. C17H17CIN2 KC N).
4.1.2.73-(((2-(1H-indol-3-yl)ethyl)amino)methyl)phenol (9)

Compound9 was prepared using tryptamine (0.528 g, 3.30 mn3hydroxybenzaldehyde (0.402 g, 3.30
mmol) and pic-BH (0.353 g, 3.30 mmol), following the method A prduee. The obtained residue was
subjected to silica gel column chromatography ugin@Et/MeOH (1:1) to give a yellowish solid, mp 132
134°C (R = 0.36, 100 mg, 11 % vyield). IR (¢h vn.n 3445,von 3326, finger print 1275, 1160, 1084-
NMR (DMSO-ds) 6 (ppm): 10.82 (%r,1H, -NH- indole); 7.53 (d) = 7.8 Hz, 1H, indole proton); 7.36 (@z=
7.9 Hz, 1H, indole proton); 7.16-7.07 (m, 3H, ardmarotons); 6.99 (tJ = 7.2 Hz, 1H, indole proton);
6.80-6.76 (m, 2H, aromatic protons); 6.65Jd; 7.5 Hz, 1H, aromatic proton); 3.71 (s, 2H, Phy@HH-);
2.89-2.93 (M, 4H, -CH CH,). "*C-NMR (DMSOds) & (ppm): 157.7, 142.5, 136.7, 129.4, 127.7, 123.0,
121.3, 119.0, 118.8, 118.6, 115.3, 114.0, 112.9,8,153.2, 49.9, 25.7. ESI-MS (m/z): (M+H} 265.13.

Anal. C17H18N20 (C, H, N).
4.1.2.8N-(2-chloro-6-nitrobenzyl)-2-(1H-indol-3-yl)ethanamine (11)

Compoundl1 was prepared using tryptamine (0.160 g, 1.00 mn2ethloro-6-nitrobenzaldehyde (0.185 g,
1.00 mmol) and pic-BEi(0.107 g, 1.00 mmol), following the method A prdaee. The obtained residue was
subjected to silica gel column chromatography usigCl,/MeOH (9.5:0.5) and then crystallized from
methanol to give a yellow solid, mp 127-129°G €R0.40, 66 mg, 20 % vyield). IR (¢Ht vn-n 3283,vno2
1525 and 1349, finger print 1109, 1080, 1006-NMR (DMSO-dg) & (ppm): 10.78 (s, 1H, -NH- indole);
7.81-7.74 (m, 2H, aromatic proton), 7.49)(& 8.0 Hz, 1H, aromatic proton); 7.43 (= 7.6 Hz, 1H, indole
proton); 7.30 (d,J = 8.0 Hz, 1H, indole proton); 7.08 (s, 1H, indpk®ton); 7.03 (t, 1HJ = 7.2 Hz, indole
proton); 6.93 (tJ = 7.2 Hz, 1H, indole proton); 4.03 (s, 2H, Ph-@4H-); 2.75 (m, 4H, -Ch CH,-). *C-
NMR (DMSO-dg) & (ppm): 152.1, 136.7, 135.5, 133.8, 132.7, 129.8, 127.8.612123.0, 121.3, 118.6,

118.5, 112.6, 111.8, 50.3, 46.4, 25.9. ESI-MS (n{id)}-H)* = 329.73. Anal. C17H16CIN302 (C, H, N).

4.1.2.92-(1H-indol-3-yl)-N-(4-methoxy-3-nitrobenzyl)ethanamine (12)
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Compoundl2 was prepared using tryptamine (0.160 g, 1.00 mmdethethoxy-3-nitrobenzaldehyde (0.181
g, 1.00 mmol) and pic-B§(0.107 g, 1.00 mmol), following the method A prdaee. The obtained residue
was subjected to silica gel column chromatograpigguCHCI,/MeOH (9:1) to give an off-white solid, mp
71-73°C (R= 0.30, 193 mg, 59 % vield). IR (¢h vn.n 3413,vno2 1526 and 1344, finger print 1280, 1259,
1018.*H-NMR (DMSO-ds) & (ppm): 10.78 (s, 1H, -NH- indole); 7.83 (@~ 1.6 Hz, 1H, indole proton);
7.60 (dd,J; = 2.0 Hz,J, = 8.8 Hz, 1H, aromatic proton); 7.48 W= 7.6 Hz, 1H, indole proton); 7.33-7.29
(m, 2H, aromatic protons); 7.12 (s, 1H, indole pmt 7.05 (tJ = 7.6 Hz, 1H, indole proton); 6.95 &= 8.0
Hz, 1H, indole proton); 5.76 (s, 1H, -NH- amine)9@ (s, 3H, —OCBH); 3.74 (s, 2H, Ph-CHNH-); 2.84 (t,J

= 6.8 Hz, 2H, Ck+ CH,- NH-); 2.76 (t,J = 6.4 Hz, 2H, Ch CH,- NH-). **C-NMR (MeOD)35 (ppm):151.7,
139.6, 136.8, 134.0, 131.1, 127.2, 124.8, 122.2,112118.3, 117.9, 113.5, 111.7, 110.9, 55.7, H48%,

24.5. ESI-MS (m/z): (M+H)= 325.80. Anal. C18H19N303 (C, H, N).
4.1.2.102-(1H-indol-3-yl)-N-(3,4,5-trimethoxybenzyl)ethanamine (13)

Compoundl3 was prepared using tryptamine (0.327 g, 2.04 m3¢d),5-trimethoxybenzaldehyde (0.400 g,
2.04 mmol) and pic-BK(0.218 g, 2.04 mmol), following the method A prdaee. The obtained residue was
subjected to silica gel column chromatography usin@Et/MeOH (1:1) to give a white solid, mp 69-71°C
(R = 0.35, 383 mg, 55 % vyield). IR (¢ vn.4 3386, finger print 1237, 1128, 10061-NMR (DMSO-ds) 5
(ppm): 10.77 (r, 1H, -NH- indole); 7.49 (d) = 7.8 Hz, 1H, indole proton); 7.31 (@~ 8.1 Hz, 1H, indole
proton); 7.13 (s, 1H, indole proton); 7.04 Jt= 7.2 Hz, 1H, indole proton); 6.95 @,= 7.7, 1H, indole
proton); 6.61 (s, 2H, phenyl protons); 3.71 (s, GHOCH;); 3.68 (s, 2H, Ph-CHNH-); 3.61 (s, 3Hp-
OCH); 2.87-2.77 (m, 4H, CH CH,-). *C-NMR (DMSO<ds) & (ppm): 153.1, 137.2, 136.7, 136.4, 127.8,
123.0, 121.3, 118.8, 118.5, 113.1, 111.8, 105.34,686.1, 53.4, 50.0, 25.9. ESI-MS (m/z): (M¥H)

340.70. Anal. C20H24N203 (C, H, N).
4.1.2.112-(1H-indol-3-yl)-N-(1H-indol-3-ylmethyl)ethanamine (14)

Compoundl4was prepared using tryptamine (0.301 g, 1.88 mnibbindole-3-carbaldehyde (0.273 g, 1.88
mmol) and pic-BH (0.201 g, 1.88 mmol), following the method A prdaes. The obtained residue was

subjected to silica gel column chromatography u&io@Et/MeOH (1:1) to give a yellow solid, mp 78-8D°
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(Rf = 0.35, 148 mg, 27 % vield). IR (¢h vn.4 3395, finger print 1225, 1092, 100H-NMR (DMSO-ds) &
(ppm): 10.81 (dr, 1H, -NH- indole); 10.75 (br, 1H, -NH- indole); 7.56 (d] = 7.8 Hz, 1H, indole proton);
7.50 (d,J = 7.8 Hz, 1H, indole proton); 7.34-7.31 (m, 2H, ake protons); 7.20 (d] = 2.4 Hz 1H, indole
proton); 7.11 (dJ = 2.0 Hz 1H, indole proton); 7.05 @,= 7.2 Hz 2H, indole protons); 6.95 {t= 7.8 Hz,
2H, indole protons); 4.11 (bs, 1H, NH amine); 3(892H, Ph-CH-NH-); 2.87 (s, 4H, Cht CH,-). "*C-NMR
(MeOD) 6 (ppm):147.7, 145.6, 136.9, 130.9, 129.8, 127.2, 122.1,00218.3, 117.9, 114.7, 114.3, 112.2,

111.8,111.7, 110.9, 54.9, 52.5, 24.4. ESI-MS (n{M)-H)" = 289.73. Anal. C19H19N3 (C, H, N).
4.1.2.122-(1H-indol-3-yl)-N-((5-nitrofuran-2-yl)methyl)ethanamine (15)

Compoundl5 was prepared using tryptamine (0.248 g, 1.55 mnotjitrofuran-2-carbaldehyde (0.220 g,
1.55 mmol) and pic-BEl(0.166 g, 1.55 mmol), following the method A prdaee. The obtained residue was
subjected to silica gel column chromatography u§ikgCl, to give a yellow solid, mp 98-100°C«R 0.27,

69 mg, 16 % yield). IR (ciD): vn.n 3432,vn02 1494 and 1354, finger print 1241, 1039-NMR (DMSO-ds)

o (ppm): 10.76 (s, 1H, -NH- indole); 7.65 (m, 1Hdabe proton); 7.32 (dJ = 7.7 Hz, 1H, indole proton);
7.14 (s, 1H, indole proton); 7.04 &= 7.8 Hz, 1H, indole proton); 6.95 (= 7.8 Hz, 1H, indole proton);
6.76 (m, 2H, furane protons); 3.74 (s, 2H, Phy@HH-); 2.82 (m, 4H, Ch CH,-). *C-NMR (DMSO-ds) &
(ppm): 157.8, 151.8, 136.6, 127.6, 123.2, 121.3, 118.8,6,1114.4, 113.3, 112.4, 111.8, 54.6, 50.2, 23.3.

ESI-MS (m/z): (M+H) = 285.93. Anal. C15H15N303 (C, H, N).
4.1.2.132-(1H-indol-3-yl)-N-(naphthalen-2-ylmethyl)ethanamine (16)

Compoundl6 was prepared using tryptamine (0.160 g, 1.00 mmmalphthalene-2-carbaldehyde (0.156 g,
1.00 mmol) and pic-BEi(0.107 g, 1.00 mmol), following the method A prdaee. The obtained residue was
subjected to silica gel column chromatography usik§jCl,/MeOH (9.5:0.5) to give a white solid, mp 97-
99°C (R = 0.81, 140 mg, 46 % vield). IR (¢t vn.u 3417, finger print 1230, 1104, 1076-NMR (MeOD)

o (ppm): 7.77-7.69 (m, 3H, aromatic protons); 7.601H, aromatic protons); 7.50 @z 8.0 Hz, 1H, indole
proton); 7.42-7.39 (m, 2H, aromatic protons); 7(85J = 8.4 Hz, 1H, indole proton); 7.31 (dil,= 1.6 Hz,
J,= 8.4 Hz, 1H, aromatic proton); 7.19-7.07 (m, 1khfale proton); 7.03 (s, 1H, indole proton); 6.995.

(m, 1H, indole proton); 3.84 (s, 2H, Ph-&NH-); 2.97 (t;J = 6.4 Hz, 2H, Ck+ CH,- NH-); 2.91 (t,J=6.8
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Hz, 2H, CH- CHp- NH-). ®C-NMR (MeOD)3 (ppm):136.9, 136.2, 133.5, 132.8, 127.8, 127.4, 127.3,212
126.6, 126.2, 125.7, 125.4, 122.1, 121.1, 118.8,011111.9, 110.9, 52.7, 48.7, 24.6. ESI-MS (n(i)+H)*

= 300.88. Anal. C21H20N2 (C, H, N).
4.1.2.142-(1H-indol-3-yl)-N-(pyridin-3-ylmethyl)ethanamine (19)

Compoundl9 was prepared using tryptamine (0.160 g, 1.00 mnpyhidine-3-carbaldehyde (94 pL, 1.00
mmol) and NaBH (0.076 g, 2.00 mmol), following the method B prdaee. The obtained product was an
orange oil (247 mg, 98 % yield). IR (€ vnu 3406, finger print 1231, 1100, 1029, 101lBl-NMR
(DMSO-dg) 6 (ppm): 10.78 (s, 1H, -NH- indole); 8.52 @ = 1.7 Hz, 1H, pyridine proton); 8.43 (dd, =
71.6 Hz,J, = 4.8 Hz, 1H pyridine proton); 7.73 (d,= 7.8, 1H, pyridine proton); 7.49 (d,= 7.8 Hz, 1H,
indole proton); 7.32 (dd); = 2.4 Hz,J, = 5.6 Hz, 2H, pyridine proton); 7.13 (d,= 2.1 Hz, 1H, indole
proton); 7.05 (tJ = 7.3 Hz, 1H, indole proton); 6.95 &~ 7.4 Hz, 1H, indole proton); 3.76 (s, 2H, Py-£H
NH-); 2.86-2.76 (m, 4H, -CH CH,- NH-). " 'C-NMR (MeOD)& (ppm): 148.8, 147.4, 137.0, 136.8, 135.5,
127.2, 123.8, 122.1, 121.0, 118.2, 117.8, 111.9,91149.9, 48.9, 24.7. ESI-MS (m/z): (M+HF 252.00.

Anal. C16H17N3 (C, H, N).
4.1.2.152-(1H-indol-3-yl)-N-(pyridin-4-ylmethyl)ethanamine (20)
Compound20 was prepared using tryptamine (0.160 g, 1.00 mnpghidine-4-carbaldehyde (95 uL, 1.00

mmol) and NaBH (0.076 g, 2.00 mmol), following the method B prdaee. The obtained product was an
: , ) , . 1

ocra yellow solid (128 mg, 51 % vyield). IR (& vn.n 3301, finger print 1220, 1119, 1062, 1008-NMR

(DMSO-dg) 6 (ppm): 10.79 (s, 1H, -NH- indole); 8.47 @z 5.7 Hz, 2H, pyridine protons); 7.49 = 7.8

Hz, 1H, indole proton); 7.34-7.31 (m, 3H, aromaiotons); 7.13 (d) = 1.9 Hz, 1H, indole proton); 7.05 (t,

J = 7.5 Hz, 1H, indole proton); 6.96 &= 7.4 Hz, 1H, indole proton); 3.77 (s, 2H, Py-£RH-); 2.87-2.76

(m, 4H, -CH- CH,- NH-). “C-NMR (MeOD) & (ppm): 150.0, 148.5, 136.9, 127.3, 123.4, 12221,

118.3,117.9, 112.0, 111.0, 51.4, 49.0, 24.8. ESI{NM/z): (M+H) = 252.07. Anal. C16H17N3 (C, H, N).

4.1.2.16N,N'-(1,4-phenylenebis(methylene))bis(2-f-indol-3-yl)ethanamine) (24)
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Compound24 was prepared using tryptamine (0.320 g, 2.00 mniahzene-1,4-dicarbaldehyde (0.134 g,
1.00 mmol) and NaBi(0.114 g, 3.00 mmol), following the method B pradees. The obtained residue was
subjected to silica gel column chromatography u§ifrgCl,/MeOH (8:2) to give an off-white solid, mp 144-
145°C (R = 0.32, 114 mg, 26 % yield). IR (¢t vn.y 3314, finger print 12441, 101§H-NMR (DMSO-tg) 6
(ppm): 10.76 (s, 2H, -NH- indole); 7.48 (d,= 7.5 Hz, 2H, aromatic protons); 7.32 = 8.2 Hz, 2H,
aromatic protons); 7.23 (s, 4H, indole protons)17(s, 2H, indole protons); 7.04 = 6.2 Hz, 2H, indole

protons); 6.94 (tJ = 6.6 Hz, 2H, indole protons); 3.70 (s, 4H, Ph,MHH-); 2.84-2.78 (m, 8H, -CH CHy-).

“C-NMR (DMSOds) 5 (ppm): 139.6, 136.7, 128.1, 127.7, 123.0, 12118.4, 118.6, 113.1, 111.8, 53.2,

50.0, 25.9. ESI-MS (m/z): (M+H)= 422.93. Anal. C28H30N4 (C, H, N).
4.1.2.17N* N*-bis((1H-indol-3-yl)methyl)butane-1,4-diamine (25)

1H-indole-3-carbaldehyde (0.290 g, 2 mmol), butaediamine (0.088 g, 1 mmol), molecular sieves (4 A)
in CHxCl, (15 mL) and MeOH (5 mL) were stirred at rt for A2The mixture was then filtered on a celite
pad, concentrated and treated with NaB61302 g, 8 mmol) in MeOH (60 mL) at rt for 2 hftér reaction
MeOH was evaporated under reduced pressy@, (5 mL) was added and the mixture was extractiéa w
CH.CI, (3 x 20 mL). The organic layers were dried ovesd@ and the solvent was removed under vacuum.

The yellow solids obtained were washed with die#tiler (5x1 mL) to give the puBb as a white solid, mp

125-126°C (94 mg, 25 % yield). IR (B vwn 3170, finger print: 1235, 1124, 1109, 10081-NMR
(DMSO-dg) 6 (ppm): 10.83 (s, 2H, -NH- indole); 7.59 (0= 7.8 Hz, 2H, indole protons); 7.34 (s 8.0 Hz,
2H, indole protons); 7.20 (d,= 1.9 Hz, 2H, indole protons); 7.06 Jt= 7.1 Hz, 2H, indole protons); 6.96 (t,
J =7.4 Hz, 2H, indole protons); 3.82 (s, 4H, Ar-&NH-); 2.57-2.54 (m, 4H, -NH-CHCH,-CH,-CHx-NH-
); 1.49-1.47 (M, 4H, -NH-CHCH,-CHy-CH,-NH-). - C-NMR (MeOD)5 (ppm): 136.7, 127.0, 123.7, 121.3,
118.7,117.7, 111.4, 111.1, 48.0, 43.0, 26.7. ESI{M/z): (M+H) = 346.47. Anal. C22H26N4 (C, H, N).

4.1.2.18N* N>-bis((1H-indol-3-yl)methyl)pentane-1,5-diamine (26)

1H-indole-3-carbaldehyde (0.290 g, 2 mmol), pentasediamine (117 pL, 1 mmol), molecular sieves (4 A)
in CHCl, (15 mL) and MeOH (5 mL) were stirred at rt for A2The mixture was then filtered on a celite

pad, concentrated and treated with NgB&1302 g, 8 mmol) in MeOH (60 mL) at rt for 2 hftér reaction
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MeOH was evaporated under reduced pressuy@, (15 mL) was added and the mixture was extracidu w
CH.ClI; (3 x 20 mL). The organic layers were dried ovesd@ and the solvent was removed under vacuum.
The yellow solids obtained were washed with dietttiler (5x1 mL) to give the pu6 as a yellowish solid,
104-105 °C (93 mg, 26 % vield). IR (St vn.n 3404, finger print: 1225, 1105, 1026-NMR (DMSO-ds) &
(ppm): 10.82 (s, 2H, -NH- indole); 7.59 @= 7.8 Hz, 2H, indole protons); 7.34 @= 8.0 Hz, 2H, indole
protons); 7.20 (s, 2H, indole protons); 7.068)(t 7.4 Hz, 2H, indole protons); 6.96 Jt= 7.4 Hz, 2H, indole
protons); 3.82 (s, 4H, Ar-Ci-NH-); 2.56-2.54 (m, 4H, —NH-CHCH,-CH,-CH,-CH,-NH- partially covered

by DMSO signal); 1.47-1.40 (m, 4H, —NH-GI€H,-CH,-CH,-CHx-NH-); 1.35-1.30 (m, 2H, —NH-CH
CH,-CH,-CH,-CHx-NH-). *C-NMR (MeOD) § (ppm): 136.7, 127.0, 123.4, 121.1, 118.6, 117R.0,
111.0, 48.2, 43.4, 28.6, 24.7. ESI-MS (m/z): (M¥H)360.87. Anal. C23H28N4 (C, H, N).

4.1.2.19N-(2-(1H-indol-3-yl)ethyl)pyridine-2-carboxamide (28)

Compound28 was prepared using 1,1-carbonyldiimidazole (0.162 gnmol), pyridine-2-carboxylic acid
(0.123 g, 1 mmol) and tryptamine (0.160 g, 1 mmfa)owing the same procedure described 2@r The
obtained residue was subjected to silica gel colahmomatography using GBI,/MeOH (9.8:0.2) to give a

yellowish solid, mp 132-134 °C (R 0.54, 224 mg, 84 % vyield). IR (¢ vn.n 3373 and 324 A=, 1662,

finger print 1431, 1339, 122§.—|-NMR (DMSO-ds) 6 (ppm): 10.84 (s, 1H, -NH- indole); 8.90 Jt= 5.9 Hz,
1H, -NH- amide); 8.63 (d] = 4.5 Hz, 1H, pyridine proton); 8.06 (8= 7.7 Hz, 1H, pyridine proton); 7.99
(td,J; = 7.6 Hz,J, = 1.6 Hz, 1H, pyridine proton); 7.63-7.58 (m, Ztlpmatic protons); 7.34 (d,= 8.1 Hz,
1H, indole proton); 7.20 (d,= 8.1 Hz, 1H, indole proton); 7.07 &= 7.30 Hz, 1H, indole proton); 6.98 {,
= 7.3 Hz, 1H, indole proton); 3.61 (m, 2H, -&8H,-NH-CO-); 2.97 (tJ = 7.5 Hz, 2H, -CiHCHx-NH-CO-
). “C-NMR (CDCW) 5 (ppm): 164.4, 149.9, 148.0, 137.5, 136.5, 127264, 122.25, 122.20, 122.0, 119.3,

118.8, 112.9, 111.3, 39.8, 25.6. ESI-MS (m/z): (M*+#H 265.87. Anal. CI6H15N30 (C, H, N).
4.1.2.20N-(2-(1H-indol-3-yl)ethyl)pyridine-3-carboxamide (29)

Compound29 was prepared using 1,1-carbonyldiimidazole (0.@62 mmol), pyridine-3-carboxylic acid
(0.123 g, 1 mmol) and tryptamine (0.160 g, 1 mmfa)owing the same procedure described 2@r The

obtained residue was subjected to aluminum oxidenwo chromatography using GEIl,/MeOH (9:1) to
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give a pinkish solid, mp 148-150 °C;(R0.62, 216 mg, 82 % vyield). IR (M vn.n 3278,vc-, 1652, finger

print 1420, 1310, 1109H-NMR (DMSO-ds) 5 (ppm): 10.84 (s, 1H, -NH- indole); 9.00 @@= 2.0 Hz, 1H,
pyridine proton); 8.82 (t) = 5.4 Hz, 1H, -NH- amide); 8.70 (dd, = 4.80 Hz,J, = 1.40 Hz, 1H, pyridine
proton); 8.18 (tdJ; = 7.90 Hz,J, = 1.70 Hz, 1H, pyridine proton); 7.58 (@= 7.80 Hz, 1H, indole proton);
7.51 (dd,J; = 7.9 Hz,J, = 4.8 Hz, 1H, pyridine proton); 7.35 (@= 8.1 Hz, 1H, indole proton); 7.20 (@3z=
1.8 Hz, 1H, indole proton); 7.07 @,= 7.4 Hz, 1H, indole proton); 6.98 ,= 7.4 Hz, 1H, indole proton);
3.59-3.54 (M, 2H, -CHCH,-NH-CO-); 2.97 (tJ = 7.5 Hz, 2H, -CH-CH,-NH-CO-). "C-NMR (MeOD)35
(ppm): 166.4, 151.1, 147.6, 136.8, 135.6, 130.9,.3,2123.7, 122.1, 121.0, 118.2, 117.9, 111.9,9.41.9,

24.7. ESI-MS (m/z): (M+H)= 265.80. Anal. C16H15N30 (C, H, N).
4.1.2.21N-(2-(1H-indol-3-yl)ethyl)pyridine-4-carboxamide (30)

Compound30 was prepared using 1,1-carbonyldiimidazole (0.162 gnmol), pyridine-4-carboxylic acid
(0.123 g, 1 mmol) and tryptamine (0.160 g, 1 mmfa)owing the same procedure described 2@r The
obtained residue was subjected to aluminum oxidenwo chromatography using GEI,/MeOH (9:1) to

give a yellow brilliant solid, mp 166-168 °C{(R 0.67, 230 mg, 87 % vield). IR (¢H vn.n 3163,vc- 1654,

finger print 1402, 1304, 121(13H-NMR (DMSO-dg) 6 (ppm): 10.84 (s, 1H, -NH- indole); 8.92 Jt= 5.4 Hz,
1H, -NH- amide); 8.72 (dd}; = 4.5 Hz,J, = 1.5 Hz, 2H, pyridine protons); 7.75 (dd,= 4.5 Hz,J, = 1.5
Hz, 2H, pyridine protons); 7.58 (d,= 7.80 Hz, 1H, indole proton); 7.35 @ = 8.1 Hz, 1H, indole proton);
7.19 (d,J = 2.0 Hz, 1H, indole proton); 7.07 {t= 7.4 Hz, 1H, indole proton); 6.98 &= 7.3 Hz, 1H, indole
proton); 3.59-3.53 (m, 2H, -GHCH,-NH-CO-); 2.97 (t,J = 7.5 Hz, 2H, -CH-CH,-NH-CO). "C-NMR
(MeOD) & (ppm): 166.3, 149.3, 142.9, 136.8, 127.5, 1222114, 121.0, 118.2, 117.9, 111.8, 110.9, 40.9,

24.7. ESI-MS (m/z): (M+H)= 265.80. Anal. C14H11NO7 (C, H, N).
4.1.2.22N-(2-(1H-indol-3-yl)ethyl)-6-methylpyridine-3-carboxamide 31)

Compound 31 was prepared using 1,1-carbonyldiimidazole (0.1%21 mmol), 6-methylpyridine-3-
carboxylic acid (0.137 g, 1 mmol) and tryptaminel@@ g, 1 mmol), following the same procedure dbsdr

for 27. The obtained residue was subjected to aluminutheacolumn chromatography using &H,/MeOH
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(9:1) to give a pinkish solid, mp 127-130 °G éR0.75, 275 mg, 98 % vield). IR (¢H vn.4 3163,V¢-0 1654,

finger print 1213, 1063, 100§H-NMR (DMSO-dg) 6 (ppm): 10.83 (s, 1H, -NH- indole); 8.88 @= 2.1 Hz,
1H, pyridine proton); 8.73 (1 = 5.5 Hz, 1H, -NH- amide); 8.08 (dd, = 8.1 Hz,J, = 2.3 Hz, 1H, pyridine
protons); 7.58 (dJ = 7.8 Hz, 1H, indole proton); 7.36 (@= 3.3 Hz, 1H, indole proton); 7.34 (@= 3.3 Hz,
1H, pyridine proton); 7.19 (d, = 2.0 Hz, 1H, indole proton); 7.07 &= 7.2 Hz, 1H, indole proton); 6.98 (t,
J = 7.3 Hz, 1H, indole proton); 3.57-3.52 (m, 2H, -8EH,-NH-CO-); 2.96 (tJ = 7.5 Hz, 2H, -CHCH,-
NH-CO-); 2.52 (s, partially covered by DMSO sigrélHs). “C-NMR (MeOD) 6 (ppm): 166.4, 161.0,
147.1, 136.8, 135.9, 128.0, 127.5, 123.2, 122.1,01218.3, 118.0, 111.9, 110.9, 40.8, 24.8, 2H-MS

(m/z): (M+H)" = 279.93. Anal. §H;7Nz0 (C, H, N).
4.1.2.23N-(2-(1H-indol-3-yl)ethyl)pyrazine-2-carboxamide (32)

Compound32 was prepared using 1,1-carbonyldiimidazole (0.162 gnmol), pyrazine-2-carboxylic acid
(0.124 g, 1 mmol) and tryptamine (0.160 g, 1 mmfa)owing the same procedure described 2@r The
obtained residue was subjected to silica gel colemomatography using GBIl,/MeOH (9:1) to give a

light orange solid, mp 184-186 °C(R 0.62, 66 mg, 25 % vield). IR (cHt vn.4 3381 and 3253, 1655,

finger print 1225, 1094, 102(1].-I-NMR (DMSO-g) 6 (ppm): 10.84 (s, 1H, -NH- indole); 9.21 @+ 1.1 Hz,
1H, pyrazine proton); 9.05 @,= 5.8 Hz, 1H, -NH- amide); 8.87 (d,= 2.4 Hz, 1H, pyrazine proton), 8.73
(m, 1H, pyrazine proton), 7.61 (d,= 7.8 Hz, 1H, indole proton); 7.34 (d= 8.1 Hz, 1H, indole proton);
7.20 (d,J = 1.9 Hz, 1H, indole proton); 7.07 {t= 7.3 Hz, 1H, indole proton); 6.98 = 7.4 Hz, 1H, indole
proton); 3.64-3.59 (M, 2H, -GFHCH,-NH-CO-); 2.98 (t,J = 7.50 Hz, 2H, -CkCH,-NH-CO-). "C-NMR
(DMSO-de) & (ppm): 163.2, 147.9, 145.3, 143.9, 143.8, 13627.1, 123.1, 121.4, 118.8, 118.7, 112.1,
111.8, 40.2*, 25.6. *partially covered by DMSO sijn ESI-MS (m/z): (M+H) = 266.73. Anal.

C15H14N40 (C, H, N).
4.1.2.24N-(2-(1H-indol-3-yl)ethyl)-5-nitrofuran-2-carboxamide (33)

Compound33was prepared using 1,1-carbonyldiimidazole (0.162 mpmol), 5-nitrofuran-2-carboxylic acid

(0.157 g, 1 mmol) and tryptamine (0.160 g, 1 mmfa)owing the same procedure described 2@r The
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obtained residue was subjected to silica gel colehmomatography using GBIl,/MeOH (9:1) to give an

orange solid, mp 157-159 °C(R 0.77, 116 mg, 39 % vield). IR (¢ vn.n 3420 and 33354¢-, 1657, Vno2

1353, finger printL270, 1017.1H-NMR (DMSO-tg) 6 (ppm): 10.84 (s, 1H, -NH- indole); 9.03 Jt= 5.7 Hz,
1H, -NH- amide); 7.76 (d] = 3.9 Hz, 1H, furane proton); 7.58 (b5 7.8 Hz, 1H, indole proton); 7.39 @z
3.9 Hz, 1H, furane proton); 7.34 @z 8.1 Hz, 1H, indole proton); 7.19 (d@= 2.1 Hz, 1H, indole proton);
7.07 (t,J = 7.1 Hz, 1H, indole proton); 6.99 &= 7.1 Hz, 1H, indole proton); 3.57-3.52 (m, 2HH&CH,-
NH-CO-); 2.95 (tJ = 7.5 Hz, 2H, -CH-CH,-NH-CO-). "C-NMR (DMSO<ds) & (ppm): 156.5, 151.8, 149.0,
136.7,127.7,123.2, 121.4,118.7, 118.7, 115.9,0,111.9, 111.9, 40.3* 25.4, *partially covergdmMSO

signal. ESI-MS (m/z): (M-H)=297.93. Anal. (C15H13N304 (C, H, N).
4.1.2.25N-(2-(1H-indol-3-yl)ethyl)-1H-indole-2-carboxamide (34)

Compound34 was prepared using 1,1-carbonyldiimidazole (0.162 gimol), H-indole-2-carboxylic acid
(0.161 g, 1 mmol) and tryptamine (0.160 g, 1 mmfa)owing the same procedure described 2@r The
obtained residue was subjected to silica gel colemomatography using GBIl,/MeOH (9:1) to give a

white solid, mp 202-204 °C (R 0.68, 152 mg, 50 % yield). IR (¢ vy 3412 and 3247R)c-, 1637, finger

print 1257, 1100%H-NMR (DMSO-g) 6 (ppm): 11.61 (s, 1H, -NH- indole); 10.83 (s, 1NH- indole); 8.64

(t, J = 5.6 Hz, 1H, -NH- amide); 7.61 (d,= 7.9 Hz, 2H, indole protons); 7.43 @= 8.2 Hz, 1H, indole
proton); 7.35 (dJ = 8.0 Hz, 1H, indole proton); 7.20-7.15 (m, 2H,ofe protons); 7.12-6.94 (m, 4H, indole
protons); 3.61-3.56 (M, 2H, -GHCH-NH-CO-); 2.98 (tJ = 7.5 Hz, 2H, -Ch-CH-NH-CO-). " C-NMR
(DMSO-de) & (ppm): 161.6, 136.9, 136.7, 132.5, 127.7, 127X3.6, 123.1, 121.9, 121.4, 120.1, 118.8,
118.7, 112.8, 112.3, 111.9, 102.7, 40.3*, 25.8rtfplly covered by DMSO signal. ESI-MS (m/z): (M+H}

303.93. Anal. C19H17N30O (C, H, N).
4.1.2.26N-(2-(1H-indol-3-yl)ethyl)-1,2-oxazole-5-carboxamide (35)

Compound35 was prepared using 1,1-carbonyldiimidazole (0.100.§6 mmol), 1,2-oxazole-5-carboxylic
acid (0.075 g, 0.66 mmol) and tryptamine (0.106.66 mmol), following the same procedure descrifoed

27. The obtained residue was subjected to aluminumdeogolumn chromatography using AcOEt/MeOH

27



(9:1) and then crystallized from methanol to giviggat orange solid, mp 127-129 °C#R0.83, 61 mg, 24
% yield). IR (cm'): vn.y 3383 and 3255, 1656, finger print 1296, 120%I.—|-NMR (DMSO-tg) 6 (ppm):
10.84 (s, 1H, -NH- indole); 9.09 @,= 5.5 Hz, 1H, -NH- amide); 8.74 (d,= 1.8 Hz, 1H, oxazole proton);
7.57 (d,J = 7.9 Hz, 1H, indole proton); 7.34 (d,= 8.0 Hz, 1H, indole proton); 7.19 (d,= 2.0 Hz, 1H,
indole proton); 7.08-7.04 (m, 2H, oxazole + aromatiotons); 6.98 () = 7.4 Hz, 1H, indole proton); 3.57-
3.52 (M, 2H, -CHCH,-NH-CO-): 2.96 (t,J = 7.5 Hz, 2H, -CH-CH,-NH-CO-). "C-NMR (DMSOds) &
(ppm): 163.4, 156.0, 152.1, 136.7, 127.7, 123.2,4,2118.74, 118.69, 111.94, 111.87, 106.2, 4@8*3.

*partially covered by DMSO signal. ESI-MS (m/z): $¥)" = 255.87. Anal. C14H13N302 (C, H, N).
4.1.2.27N-(2-(1H-indol-3-yl)ethyl)-2-(4-isobutylphenyl)propanamide(36)

Compound 36 was prepared using 1,1-carbonyldiimidazole (0.081 ®&50 mmol), 2-(4-(2-
methylpropyl)phenyl)propanoic acid (0.103 g, 0.50oh) and tryptamine (0.080 g, 0.50 mmol), following
the same procedure described f The obtained residue was subjected to aluminumdeogolumn
chromatography using GBl,/MeOH (9.5:0.5) to give a white solid, mp 102-1@5 (R = 0.90, 116 mg, 67
% vield). IR (cm): ve=o 1648, finger print 1234, 121(13H-NMR (DMSO-dg) 6 (ppm): 10.76 (dr, 1H, -NH-
indole); 8.02 (bs, 1H, NH amide); 7.49 = 7.6 Hz, 1H, indole proton); 7.31 (@,= 7.8 Hz, 1H, indole
proton); 7.20 (dJ = 8.0 Hz, 2H, aromatic protons); 7.08-7.03 (m, dHmatic + indole protons); 6.95 Jt=
7.6 Hz, 1H, indole proton); 3.53 (d,= 7.1 Hz, 1H, -CH-CHh); 3.31-3.27 (m, partially obscured by HDO
signal -CH-CH,-NH-); 2.77 (t,J = 7.6 Hz, 2H, -CRCH,-NH-); 2.40 (d,J = 7.2 Hz, 2H, -CH-CH-(CH),);
1.83-1.76 (m, 1H, -CHCH-(CHs),); 1.30 (d,J = 7.0 Hz, 3H, -CH-Ch); 0.85 (d,J = 6.6 Hz, 6H, -CH+CH-
(CHs)). "C-NMR (DMSO-k) 5 (ppm): 173.7, 140.1, 139.6, 136.7, 129.2, 12727,4, 123.1, 121.3, 118.7,
118.6, 112.2, 111.8, 45.2, 44.7, 44.2 *, 30.0, 28%66, 19.1, *partially covered by DMSO signal. &S

(m/z): (M+H)" = 348.93. Anal. gH2gN>O (C, H, N).
4.1.2.28N-(2-(1H-indol-3-yl)ethyl)-2-(4-benzoylphenyl)propanamide 87)

Compound 37 was prepared using 1,1-carbonyldiimidazole (0.107 @66 mmol), 2-(3-

benzoylphenyl)propanoic acid (0.150 g, 0.59 mmaokl &ryptamine (0.095 g, 0.59 mmol), following the
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same procedure described f@7. The obtained residue was subjected to aluminundeoxolumn
chromatography using CHZMeOH (9.5:0.5) and then it was washed with diegtyler (3x1 mL) to give a
yellowish oil (R = 0.92, 80 mg, 27 % vyield). IR (¢H1 ve= 1649, finger print 1285, 106%IH-NMR (MeOD)
o (ppm): 7.75-7.73 (m, 3H, aromatic + indole projps66 - 7.44 (m, 7H, aromatic protons); 7.31Jd,8.2
Hz, 1H, indole proton); 7.07 (§,= 7.2 Hz, 1H, indole proton); 6.97 &= 7.2 Hz, 1H, indole proton); 6.90
(s, 1H, aromatic proton); 3.68 (g~ 7.1 Hz, 1H, -CH-CH); 3.55-3.39 (m, 2H, -CHCH,-NH-); 2.90 (t,J =
7.2, 2H, -CH-CH»NH-); 1.45 (d,J = 7.1, 3H, -CH). " C-NMR (MeOD) 5 (ppm): 194.3, 171.1, 140.2,
138.4, 136.5, 136.1, 133.3, 132.4, 131.1, 130.9,2.4128.9, 128.4, 127.4, 123.0, 121.7, 119.8,8,18.3.0,

111.2, 42.9, 42.1, 25.6, 15.4. ESI-MS (m/z): (M¥H)397.16. Anal. C26H24N202 (C, H, N).
4.1.2.29N-(2-(1H-indol-3-yl)ethyl)-2-((2,3-dimethylphenyl)amino)berzamide (38)

Compound 38 was prepared using 1,1-carbonyldiimidazole (0.162 300 mmol), 2-(2,3-
dimethylanilino)benzoic acid (0.241 g, 1.00 mmaiparyptamine (0.160 g, 1.00 mmol), following treerse
procedure described f@7. The obtained residue was subjected to silicacgeimn chromatography using
CH,Cl,/MeOH (9.5:0.5) to give a pinkish solid, mp 162-162% (R = 0.87, 320 mg, 84 % vyield). IR (cth
Vnn 3410, 3379, 33021, 1625, finger print 1222, 1063H-NMR (DMSO-ds) & (ppm): 10.84 (s, 1H, -NH-
indole); 9.62 (s, 1H, -NH- aniline) 8.67 {t= 5.6 Hz, 1H, -NH- amide); 7.63-7.57 (m, 2H, ardimarotons);
7.34 (d,J = 8.0 Hz, 1H, indole proton); 7.24 @,= 7.3Hz, 1H, aromatic proton); 7.20 @= 2.0 Hz, 1H,
indole proton); 7.14-7.03 (m, 3H, indole + aromatiotons); 7.02-6.90 (m, 2H, aromatic protons)46@,J

= 8.3 Hz, 1H, aromatic proton); 6.73 @z 7.4 Hz, 1H, indole proton); 3.58-3.53 (m, 2HHECH,-NH-
CO-); 2.97 (t.J = 7.4 Hz, 2H, -CH-CH,»NH-CO-); 2.28 (s, 3Hp-CHz); 2.12 (s, 3Hm-CHs). " C-NMR
(CDCl) 5 (ppm): 169.8, 147.0, 139.6, 138.1, 136.5, 132394, 127.4, 127.3, 125.8, 125.6, 122.3, 122.2,
120.8, 119.6, 118.8, 117.3, 116.9, 115.0, 112.9,41140.0, 25.3, 20.7, 13.9. ESI-MS (m/z): (M¥H)

383.79. Anal. C25H25N30 (C, H, N).

4.1.2.30N-(2-(1H-indol-3-yl)ethyl)-2-((3-(trifluoromethyl)phenyl)am ino)nicotinamide (39)

29



Compound 39 was prepared wusing 1,1-carbonyldiimidazole (0.162 §00 mmol), 2-(3-
(trifluoromethyl)anilino)pyridine-3-carboxylic acig0.282 g, 1.00 mmol) and tryptamine (0.160 g, 1.00
mmol), following the same procedure described Z@r The obtained residue was subjected to silica gel
column chromatography using @El,/MeOH (9.5:0.5) and then it was crystallized frorethanol to give a

white solid, mp 160-162 °C (R 0.78, 270 mg, 64% vield). IR (¢t vn.u 3399, 3359y, 1635, finger

print 1156, 1110, 1066.H-NMR (DMSO<k) & (ppm): 11.20 (s, 1H, -NH- aniline); 10.84 (s, 1#H-
indole); 8.98 (tJ = 5.5 Hz, 1H, -NH- amide); 8.37 (dd, = 4.8 Hz,J, = 1.7 Hz, 1H, pyridine proton); 8.31
(s, 1H, aromatic proton); 8.12 (dd, = 7.7 Hz,J, = 1.7 Hz, 1H, pyridine proton); 7.82 (d,= 8.0 Hz, 1H,
aromatic proton); 7.59 (d,= 7.8 Hz, 1H, indole proton); 7.52 &= 8.0 Hz, 1H, aromatic proton); 7.35 (d,

= 8.1 Hz, 1H, indole proton); 7.29 (d,= 8.2 Hz, 1H, aromatic proton); 7.21 @= 2.3 Hz, 1H, indole
proton); 7.07 (tJ = 7.3 Hz, 1H, indole proton); 6.98 &= 7.1 Hz, 1H, indole proton); 6.95 (d#i,= 7.9 Hz,

J, = 4.8 Hz, 1H, pyridine proton); 3.61-3.57 (m, 2i&H,-CH,-NH-CO-); 3.00 (t,J = 7.4 Hz, 2H, -Ch
CH»-NH-CO-). °C-NMR (DMSOds) & (ppm): 167.8, 154.6, 150.8, 141.5, 137.5, 13630,2, 130.1, 129.8,
127.7, 124.8 (q) = 270.6 Hz), 123.4, 123.3, 123.2, 121.4, 118.5.91114.8, 112.4, 112.2, 111.9, 40.8,

25.4. ESI-MS (m/z): (M+H) = 425.00. Anal. C23H19F3N40 (C, H, N).

4.1.2.31 N-(2-(1H-indol-3-yl)ethyl)-2-(1-(4-chlorobenzoyl)-5-methoxy2-methyl-1H-indol-3-

yl)acetamide (40)

Compound40 was prepared using 1,1-carbonyldiimidazole (0.090.§0 mmol), [1-(4-chlorobenzoyl)-5-
methoxy-2-methyl-H-indol-3-yl]acetic acid (0.225 g, 0.60 mmol) angptiamine (0.096 g, 0.60 mmol),
following the same procedure described 23t The obtained residue was subjected to silicacgilmn
chromatography using GBl,/MeOH (9:1) to give a white solid, mp 164-166 °G (R0.83, 290 mg, 58 %
yield). IR (cm'): vn.n 3261,ve-, 1688, 1625, finger print 1217, 1150, 1088, 9]2:!-.NMR (DMSO-d) 6
(ppm): 10.81 (s, 1H, -NH- indole); 8.15 = 5.7 Hz, 1H, -NH- amide); 7.69 (d,= 8.4 Hz ,2H, aromatic
protons); 7.64 (d) = 8.4 Hz ,2H, aromatic protons); 7.52 §ds 7.9 Hz, 1H, indole proton); 7.33 (@= 8.1
Hz, 1H, indole proton); 7.13 (d,= 6.4 Hz, 1H, aromatic proton); 7.12 @l= 2.1 Hz, 1H, indole proton);
7.06 (t,J = 7.5 Hz, 1H, indole proton); 6.98 - 6.94 (m, Zfpmatic + indole protons); 6.72 (dd,= 9.0,J, =
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2.5 Hz, 1H, aromatic proton); 3.75 (s, 3H, -OfH.52 (s, 2H, -CHCO-NH-); 3.39-3.34 (m, partially
obscured by HDO signal, -GFCH,-NH-CO-); 2.83 (t,J = 7.4 Hz, 2H, -CHCH,-NH-CO-); 2.21 (s, 3H, -
CHa). "C-NMR (CDCE) & (ppm): 169.7, 168.5, 156.4, 139.6, 136.4, 13538.6, 131.1, 131.0, 130.3,
129.2, 126.8, 122.2, 122.2, 119.4, 118.5, 115.8,011112.5, 112.1, 111.3, 100.9, 55.8, 39.2, 32429,

13.1. ESI-MS (m/z): (M+H)= 500.00 (100); 501.93 (40). Anal. C29H26CIN303 K N).
4.1.2.32N3, N°-bis(2-(1H-indol-3-yl)ethyl)pyridine-3,5-dicarboxamide (41)

Compound41 was prepared using 1,1-carbonyldiimidazole (0.218.84 mmol), pyridine-3,5-dicarboxylic
acid (0.100 g, 0.60 mmol) and tryptamine (0.192.80 mmol), following the same procedure descrifoed
27. The obtained residue was subjected to silicacgeimn chromatography using @El,/MeOH (9:1) and

then it was crystallized from AcOEt to give a whstdid, mp 204-205 °C (R 0.50, 215 mg, 80 % yield). IR
(cm™): ve= 1634, finger print 1297, 122%IH-NMR (DMSO-dg) 6 (ppm): 10.82 (%r, 2H, -NH- indole); 9.09
(d,J = 2.0 Hz, 2H, pyridine proton); 8.95 &= 5.6 Hz, 2H, indole protons); 8.61 Jt= 2.1 Hz, 1H, pyridine
proton), 7.58 (dJ = 7.8 Hz, 2H, indole protons); 7.34 s 8.1 Hz, 2H, indole protons); 7.20 = 2.0 Hz,
2H, indole protons); 7.07 (§,= 7.1 Hz, 2H, indole protons); 3.60-3.56 (m, 48H,-CH,-NH-); 2.98 (t,J =
7.6 Hz, 4H, -CH-CHy-NH-). "C-NMR (DMSO<k) 5 (ppm): 164.7, 150.7, 136.7, 134.4, 130.3, 12723,2,

121.4,118.7, 112.2,111.9, 40.8, 25.5. ESI-MS InfM+H)" = 452.15. Anal. C27H25N502 (C, H, N).
4.2 Biological activity
4.2.1 Antifungal susceptibility testing

To evaluate the minimal inhibitory concentrationl@ strains coming from the American Type Culture
Collection C. albicans ATCC 10231 and ATCC 10261) (Rockville, MD, USA)dfmom the Pharmaceutical
Microbiology Culture Collection(. albicans PMC 1042 and PMC 1082) (Department of Public Heattd
Infectious Diseases, Sapienza, Rome, Italy) westede The broth microdilution method to evaluate th
susceptibilityin vitro on C. albicans strains was performed according to standardizethodefor yeasts
(CLSI M27-A3. 2008; CLSI M27-S42012). albicans strains were grown on sabouraud dextrose agar

(Sigma Aldrich, St. Louis, Missouri, U.S.A.) at &%or 24 h. The final concentration of the inoculwas
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1x10>-5x1C cells/mL. The studied compounds were dissolvediinethyl sulfoxide (Sigma Aldrich, St.
Louis, Missouri, U.S.A.) at concentrations at led€l0 times higher than the highest desired test
concentration, in order to obtain a final DMSO camtcation lower than 1%. DMSO at 1% concentration
without compound has been used in the test as @ot¢GLS| M27-A3. 2008; CLSI M27-S42012). The
final concentration of compounds ranged from 256.25 pg/mL. The MIg was the lowest concentration
of compounds or reference drugs that cagsb@% growth inhibition. The antifungal activitieseahe result

of three independent experiments performed in dafgi The data were presented as median. Fluc@nazol

was used as reference drug (Acofarma, Madrid, Spain® 140024, purity > 99%)

4.2.2 In vitro activity of compounds againstCandida albicansiofilms

The anti-biofilm activity was evaluated as desdlilby Pierce et al. [16]. The BMIC end point for fidio is
based on the lowest drug concentration producidgcacase of 50% metabolic activity relative theeatted
growth control (XTT reduction assay). At least texperiments were performed on two separate dates fo

each compound tested in triplicate.
4.2.3 In vivo toxicity assay

Galleria mellonella (Lepidoptera: Pyralidae, the Greater Wax Moth)a(ld Paradise, Rome, Italy) were
stored in wood shavings in the dark at 15 °C. Thpeements were carried out using ten healthy
mellonella larvae (between 0.20-0.30 g in weight) placedtarile 9 cm petri dishes containing a sheet of
Whatman filter paper and wood shavings. The comgswsed wer8, 7, 16, 17, 23, 24 at the concentration
5-10-50-100-500 pg/mL and the compouBifi at the concentration 10-50-100-500-1000 pg/mL. The
solutions of tested compound were freshly prepanedhe day of testing, prior to administration. Eac
compound was dissolved in DMSO and added to stelidtilled water to give stock solutions consigtiof
less than 1% (v/v) DMSO. The injection was caroed using a sterile insulin syringe (Unimed, Rortady)
and the amount being injected wasu20 Injections were made into the last, left pro;leftheG. mellonella
larvae, directly into the haemocoel.

After injection, the larvae were incubated at 3@3Ca total of four days. Larvae were monitoreddarvival

and melanisation, at 24 hour intervals. Death wssessed based on the lack of movement in response t
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stimulation together with discolouration of the icleg. Three controls were employed for the assay: i
untreated larvae maintained under the same conditas the treated larvae; ii) larvae pierced with a
inoculation needle into the last, left pro-leg, botsolution injected,; iii) larvae treated with gQ of sterile
water/DMSO solution, in concentrations analogouthtse of the test compounds. The results are miexse
as the mean percentage survival, of two indepenelgmeriments, o6G. mellonella larvae, as a function of
the test compounds administered dosage.
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Highlights

> A series of indole was selected and evaluated against C. albicans biofilm.
» Fifteen compounds possess BMICsp < 16 ug mL on C. albicans biofilm.
» Themost active has BMICsy = 2 pg/mL both on mature and in formation biofilm.

» Tested compounds were poorly toxic in vivo on Galleria mellonella larvae.



