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ABSTRACT

A series of novel hybridg-carboline-4-thiazolidinones were synthesized and
evaluated for theim vitro antitumor activity against human cancer cell limes for
antiviral activity towardsHerpes Simplexvirus type-1 (HSV-1). From th&N’-(2-
ylidene-4-thiazolidinonep-carboline-3-carbohydrazide serieS-11), compounds9c
and11dwere the most activehowing growth inhibition 50% (&J) values less than 5
1M for all cell lines tested. Compouid, bearing thet-dimethylaminophenyl group at
C-1 of p-carboline was selected for further investigatiomeerning cell death and cell
cycle profile, focusing on the human renal adenonama cell line 786-0. Treatments
with 25 uM of compoun@cinduced cell death after 15 h of treatmeiaracterized by
phosphatidylserine exposure and loss of membraegrity. Moreover, treatment with
12.5 pM promoted a sub-G1 arrest, which indicagtisdeath. Derivatives of thid-(2-
substituted-aryl-4-thiazolidinong)-carboline-3-carboxamide serie8(23 showed a
potent activity and high selectivity for glioma (82) and ovarian (OVCAR-3) cancer
cell lines. Also, someg-carboline-4-thiazolidinone hybrids showed potentiaral
activity against Herpes simplex virus type-1. The N-(2-substituted-aryl-4-
thiazolidinone)-carboxamide moiety b8, 19 and 22 confer a potent anti-HSV-1
activity for these derivatives, which presentedsi@@lues of 0.80, 2.15 and 2.Q21,
respectively. The assay results showed that theenaf 4-thiazolidinone moiety and of
the substituent attached at the 3- and 1- posaioftcarboline nucleus, respectively,

influenced the antitumor and antiviral activities.
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1. Introduction

Naturally occurring and synthetfcarboline alkaloids are widely studied due to
their large spectrum of important pharmacologiaadl &iological properties, such as
antitrypanosomal and antileishmanial [1-4], ante#Adimer [5,6], anti-platelet
aggregation and anti-thrombotic [7,8], anti-Parkimg9], and as DYRKZ1A inhibitors
[10,11]. It's worth mentioning the potent antitunmamstivity of this class of compounds
that has been reported in several studies involdagign, synthesis and structure-
activity relationship (SAR) op-carboline derivatives [12-20]. These studies racka
that the introduction of appropriate substituem#il-, 3- and 9-positions of
carboline ring can result in more potent drugs weduced toxicity and neurotoxic
effects. Besides the antitumor activity, recenrephave been shown thaicarboline
derivatives can act as antiviral agents against dilutmmunodeficiency Virus type 1
(HIV-1) and type 2 (HIV-2) [21-23], and Tobacco Mas Virus (TMV) [24]. Also,
recent works showed that several nitrogen hetefiecgompounds displayed anti-HSV
activity [25-28].

In our previous work we demonstrated that the preseof an appropriately
substituted phenyl group at 1-position, and sulpstits at 3-position of th&carboline
nucleus, enhanced the antitumor activity [29-33k0Aour work indicated that hybrids
of S-carboline with different heterocyclic nucleus ap@sition, as for compoundsl|
and Il (Fig. 1), displayed potent antitumor properties [30, 32]. 3n addition, the
interaction of compoundl with DNA was investigated by using UV and fluoresce
spectroscopic analysis. Our studies showed|tivateract with ctDNA by intercalation
binding [30].

The antiviral activity of 1-(substituted-phenyl)ubstituted-benzylideng)-
carboline-3-carbohydrazides against HSV-1 and watcpoliovirus (VP) was also
demonstrated for our research group [34, 35].

4-Thiazolidinone derivatives have been extensivalestigated due to their
gamma of biological activities, such as anti-infraatory, anticonvulsant, anti-diabetic,
cardiovascular, anti-tubercular, antifungal, argtbaal, antiviral, as well as anticancer
activity against different cell lines [36-38].

Concerning to anticancer activity, recent repor@veh indicated that 4-
thiazolidinones can inhibit tumor cell proliferatidghrough inducing cell cycle arrest

[39-48]. This was demonstrated for a series ofdaByl-4-thiazolidinone derivatives,



especially for compountv (Fig. 1), which displayed potent inhibitory effects on the
proliferation of A549 (human lung cancer) and MDABA231 (human breast cancer)
[39]. Also, new hybrids acridine—thiazolidinone fgpoundsV, Fig. 1), displaying
strong cytotoxic activityin vitro against leukemic cells HL-60 and L1210, and human
epithelial ovarian cancer cell lines A2780, inhghitcells proliferation and induced an
arrest of the cell cycle and cell death. The effemt cells were associated with their
reactivity towards thiols and DNA binding interawti[40].

A compound from the 2-(thienothiazolylimino)-1,3aholidin-4-ones series
synthesized by Huber-Villaume et al. [41] was fowadbe potential inhibitor of CDC25
protein, with an IG of 6.2 £+ 1.0 uM. Treatment with the active 4-#uhdinone
derivative led to MCF7 and MDA-MB-231 cell growthrast. Studies developed by
Zhang et al. [48] shown that compounds bearingzthidinone nucleus act as either
microtubule polymerization inhibitors or histoneadetylase inhibitors. The derivatives
act synergistically, targeting multiple proteingldaading to the regulation of cell cycle
checkpoint proteins, which resulted in the G2/MI @gicle arrest and cell apoptosis
[42].

The properties of 4-thiazolidinones to inhibit pieration through inducing cell
cycle arrest action, and through other action meishas, as well as the potent
anticancer exerted for 4-thiazolidinone derivatjviesl us to explore this scaffold to
search for potential agents for treating multi-feietl diseases such cancer. The
molecular hybridization off-carboline and 4-thiazolidinone pharmacophores was
chosen as a strategy to obtain more active comotivad impact multiple anticancer
targets [43]. Furthermore, as bagfhcarboline and 4-thiazolidinone nucleus exhibit

antiviral activity, it is expected that the propddeg/brids are also active against HSV-1.
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Figure 1: p-Carboline [-1ll ) and thiazolidinonel{ andV) derivatives with anticancer

activity.

More specifically, in this work we describe thenfesis of a series df’-(2-
ylidene-4-thiazolidinonep-carboline-3-carbohydrazides anhl-(2-substituted-aryl-4-
thiazolidinone)g-carboline-3-carboxamides, as well as the antivaelivity against
Herpes simplexirus (HSV-1), and antitumor activity towards humeancer cell lines
of the new synthetized compounds. Additionally,dsta evaluating cell death and
influence in the cell cycle profile were also cadiout for the active compourtit,

focusing on the human renal adenocarcinoma cell186-0.

2. Results and discussion

2.1.Chemistry



The synthetic routes employed in the preparatiomehybrida\’-(2-ylidene-4-
thiazolidinone)g-carboline-3-carbohydrazidg9a-f), (10a-f)and(11a, c-d, f),and of
N-(2-substituted-4-thiazolidinong)-carboline-3-carboxamide$18-23) are shown in
Scheme 1.

To obtain the hybridgs-carbolines-4-thiazolidinones proposed, firstly the
carboline-3-carbohydrazideS4-f), the common intermediates for the synthetic rute
were synthetized. For this, the commerclatryptophan (1) was esterified with
methanol in the presence o0t$0, to afford L-tryptophan methyl esteR), which was
subjected to Pictet Spengler condensation reautiindifferent aromatic aldehydes, in
acidic media, to provide the tetrahygtazarboline-3-carboxylate84-f). The oxidation
of 3a-f with sulfur in xylene under reflux afforded thiecarbolines4a-f. The p-
carboline-3-carbohydrazideS4-f) were obtained by nucleophilic substitution reati
of the-carbolinesta-f with hydrazine hydrate in ethanol.

The synthesis oN’-(2-ylidene-4-thiazolidinonep-carboline-3-carbohydrazides
(9a-f) was carried out by the reaction @fcarboline-3-carbohydrazide$d-f) with
potassium isothiocyanate, in ethanol, under refloiowed by condensation reaction of
thiosemicarbazide6a-f with ethyl bromoacetate, using sodium acetate astdsgium
hydroxide in ethanol.

To evaluate the effect of a substituent at theogén of thiazolidinone ring on
activity, the carbohydrazide€sa-f were treated with ethyl isothiocyanate and phenyl
isothiocyanate to give the respective thiosemicades 7a- f and 8a, 8c-d and 8f,
which afforded théN-substituted derivatives0a- fand1la, 11c-dand11f by using the
reaction conditions for preparation of derivati@est.

To obtain the  N-(2-substituted-aryl-4-thiazolidinong)carboline-3-
carboxamideg18-23 the -carboline-3-carbohydrazidéga, c, d, ) were subjected to
reaction with aromatic aldehydes in DMF under micage irradiation to afforgs-
carbolines-3-benzylidenecarbohydrazid@2-17. The formation ofN-(2-substituted-
aryl-4-thiazolidinone)s-carboline-3-carboxamided §-23 was possible with addition
of the catalytic amount gf-toluenesulfonic acid to the reaction of imine mediates

12-17and thioglycolic acid, under toluene reflux.
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The sythetized compounds were characterized by #psctral data (HRMS-
ESI, '"H NMR and ®*C NMR). The characterization of th&\’-(2-ylidene-4-
thiazolidinone)g-carboline-3-carbohydrazides without substituenttte nitrogen of
thiazolidinone ring(9a-f) was mainly supported by signals &t 3.52 — 4.05 ¢, 2H,
CH,, H-5") in 'H NMR spectra, and signals & 34.2 — 38.0 (Ch| C-5"), 6c 172.1 —
182.4 (C=0, C-4"),6¢c 162.7 — 167.3 (C=0, carbohydrazide) aixd150.8 — 162.7
(C=N, C-2") in the’*C NMR spectra.

The N’-(3-ethyl-2-ylidene-4-thiazolidinongj-carboline-3-carbohydrazides
(10a-f) were characterized by signalsat3.86 — 4.19¢orm, 2H CH,, H-5"), 64 3.76 —
4.00 fmorquart J=6.1 — 7.0 Hz; 2H C¥CHy), 64 1.20 - 1.33t%(J = 6.3 - 7.2 Hz; 3H
CHsCH,) in theH NMR spectra. Signals &t 29.6 — 38.7 (Chl C-5"), 5c 32.9 — 38.9
(CH3CHy), 6c12.1 — 14.5 (CBCHy), 8¢ 170.7 — 171.5 (C=0, C-4"§c 159.6 — 162.7
(C=0, carbohydrazide) anét 151.1 — 161.9 (C=N, C-2”) in th®C NMR spectra
confirmed the formation of these products.

The formation of N’-(3-phenyl-2-ylidene-4-thiazolidinong)-carboline-3-
carbohydrazided 1(a, c-d, §) was evidenced by the signalsoat3.04 — 4.33 ¢, 2H,
CH,, H-5") and by the hydrogens signals of the phegrglup attached to the nitrogen
atom. In the*C NMR spectra were observed signal$&83.0 — 33.2 (Chj C-5"), 8¢
170.5 — 171.2 (C=0, C-4"j¢c 158.3 -160.5 (C=0, carbohydrazide), adl59.1 —
160.3 (C=N, C-2").

The N-(2-substituted-aryl-4-thiazolidinong)carboline-3-carboxamidgd.8-23
were characterized by the signalsat3.78 — 3.84dd, J = 1.5 — 1.8 and 15.0 Hz, 1H
CHy, Hy-5") coupled in W with hydrogen (CH, H-2") of thiakzdinone ring,6 3.92 —
4.00 @, J = 15.0 — 15.9, 1H, CH H,5"), 84 6.01 — 6.57¢ 1H, CH, H-2") in the'H
NMR spectra. In thé&°C NMR spectra were observed signal§&29.5 — 30.5 (Ch C-
5"), 8¢ 60.2 — 63.7 (CH, C-2")c 169.2 — 170.9 (C=0, C-4"), anit 162.9 — 165.1
(C=0, carboxamide).

2.2. Biological activities
2.2.1. Antitumor activity

The in vitro anticancer activities of the synthesize@carboline-4-
thiazolidinones were evaluated against nine humaot cell lines — U251 (Glioma),
UACC-62 (melanoma), MCF-7 (Breast), NCI/ADR-RES daan expressing multiple-



drug-resistance phenotype), 786-0 (Renal), NCI-H4&@ng), PC-3 (Prostate),
OVCAR-3 (Ovarian) and HT-29 (Colon). The responaeameter G} was calculated
for each compound and cell line tested, and thatseewere summarized ihable 1and
2. The Gko values (growth inhibitory activity) refer to theudy concentration that
inhibits in 50% the cellular growth when comparenl untreated control cells.
Compounds with Gpvalues> 100uM were considered not active.

The analysis of G} values Table 1) showed that for thdN'-(2-ylidene-4-
thiazolidinone)g-carboline-3-carbohydrazides94-f), the compound9a containing
phenyl group in the 1-position of thecarboline ring was active for all human tumor
cell lines tested, with G4 values less than 30 uM.

In order to verify the influence of electron-witiasving and -donating groups in
antitumor activity, the phenyl ring with differegtoups (OCH, NMe,, NO,, Cl and F)
was introduced in the 1-position thecarboline skeleton.

The substitution of the phenyl group at C-19mfor a 4-methoxyphenyl group
(9b) or 4-dimethylaminophenyl groug¢) led to an improvement of activity for most of
cell lines tested. On the other hand, the presehtige withdrawing nitro substituent at
the phenyl group resulted in loss of antitumor\disti being the derivativ®d inactive
towards lung (NCI-H460), ovarian (OVCAR-3), andao(HT-29) cell lines. However,
a potent activity (Gh = 0.62 uM) and selectivity was observed for this derivative
against NCI/ADR-RES (ovarian expressing multiplagiresistance phenotype).
Selectivity was also observed for the derivatBe which contains 2-chlorophenyl
group in C-1, presenting a é§glalue of 0.01 uM against ovarian (OVCAR-3) cells.

To investigate the effect of substituents at tlieogen atom of 4-thiazolidinone
ring, N-substituted derivative&0a- f and 11(a, c-d, f) bearing theN*-ethyl andN*-

phenyl groups, respectively, were also evaluatethir antitumor activity.

In general, the introduction of thid*-ethyl group did not contribute to the
overall increase in activity, but enhanced the celigy of some of the derivatives
against specific tumor cells. The derivati®a was selective for glioma (U251) with
Glsp value of 0.46 puM. The derivativéOe was selective for glioma and ovarian
expressing multiple-drug-resistance phenotype (NDR-RES), with Gi, values of
0.74 and 0.25 pM, respectively. Strong selectivips also observed for the derivative
10d against NCI/ADR-RES, which presentedsgialue of 3.27 uM for this cancer cell
lines, and GJ values greater than 100 uM for all other cellseigs



On the other hand, the presence of a phenyl grduphe 3-position of
thiazolidinone ring provide an enhancement of agtifor the derivative containing the
4-nitrophenyl at C-11(1d), compared to their analo§sl and10d. CompoundL1ld was
the most active of theN’-(2-ylidene-4-thiazolidinonep-carboline-3-carbohydrazide
series, showing g values in the range of 0.83 to 3.81 uM for all beks tested.

Comparison of G values Table 1) of the most active derivativeélc and11d
with those of compount (Fig. 1) described previously for our group [30] reveledtt
these compounds displayed similar activity. Ondtteer hand, the incorporation of 4-
thiazolidinone nucleus intg-carboline skeleton resulted in an enhancement of
antitumor activity for9c and11d compared to compoundlks andlll [31, 33] Fig 1),
as expected.



Table 1.In vitro antitumor activity (G in uM) of 1-(substituted-phenyfj-carboline 3-(substituted-4-thiazolidinone) denve$9-11

Comp
9a
9b
9c
9d
9e
of

10a
10b
10c
10d
10e

10f

Rl
Ph
4-MeO-Ph
4-NMe,-Ph
3-NO,Ph
2-Cl-Ph
2-F-Ph
Ph
4-MeO-Ph
4-NMe,-Ph
3-NO-Ph
2-Cl-Ph

2-F-Ph

Et

Et

Et

Et

Et

Et

Cell lines
Glioma Breast Ovarian Resistant Renal Lung
(U251)  (MCF-7) (NCI/ADR-RES)  (786-0)  (NCI-H460)
15.75 11.40 28.12 16.33 18.18
NT 0.49 >100 9.98 7.15
NT 2.93 0.48 1.60 1.44
NT 40.07 0.62 16.11 >100
NT 1.42 >100 6.10 3.85
9.57 11.87 66.42 20.33 21.07
0.46 17.21 8.89 nt >100
1.95 6.52 12.16 nt 8.56
63.33 54.87 2.60 6.61 58.95
>100 >100 3.27 >100 >100
0.74 6.84 0.25 nt 4.12
>100 >100 >100 >100 >100

Ovarian Colon
(OVCAR-3)  (HT-29)
9.88 19.54
1.12 16.52
1.27 5.04
>100 >100
0.01 10.81
12.30 3241
>100 >100
6.52 9.62
2.42 65.65
>100 >100
3.97 88.87
>100 >100



Table 1.In vitro antitumor activity (GdoiN M) ... e e continued

1lla Ph Ph 17.54 27.96 3.13 13.64 37.25 17.54 >100
1lic 4-NMe,-Ph Ph 12.51 14.97 35.42 3.97 17.92 >100 38.06
11d 3-NO,-Ph Ph 1.59 2.36 0.19 1.53 3.91 0.83 2.28

11f 2-F-Ph Ph >100 >100 >100 >100 >100 >100 >100

NT = not tested. G}: concentration of compound necessary to promdte 60growth inhibition after 48h of treatment, coamimg to cells
growing without treatment.



Thein vitro antitumor activity of derivative48-23 are shown infable 2 The
changes in the nature of 4-thiazolidinone nucleastb a decrease of activity for the
derivatives of theN-(2-substituted-aryl-4-thiazolidinong)carboline-3-carboxamide
series compared to those from ti-(2-ylidene-4-thiazolidinonep-carboline-3-
carbohydrazideg9-11) series. However, a potent activity and high delig for
glioma (U251) and ovarian (OVCAR-3) cancer celleBhwas observed for some
derivatives. Compound8, which contains a phenyl group in the 1-positidrthe S-
carboline ring, as well as in the nitrogen atom 4ethiazolidinone ring that and
displayed GJp values of 0.25uM and 1.58uM for glioma (U251) and ovarian
(OVCAR-3) cell lines, respectively.

The compound®0 and 22, having the phenyl group at the 4-thiazolidinone
moiety, and the 2-fluorophenyl and 3-nitrophenybup at thes-carboline nucleus,
showed potent activity and selectivity for ovar{@VCAR) tumor cell lines, with G}
values of 0.73 and 1.38M, respectively.

Furthermore, it was observed that the derivati2g@sand 23, containing a
substituent at the 2-position of the 4-thiazolidiadifferent of phenyl group, were no
active against all tumor cell lines tested. Thidicated the influence of nature of the

substituent at 2-position of 4-thiazolidinone otitaimor activity.



Table 2.1In vitro antitumor activity (GJy in pM) of 1-(substituted-phenyfjcarboline 3-N-2-substituted-aryl-4-thiazolidinone) derivative®-23

Cell lines
B X Ovarian L Ovari
Com Rl R? Glioma Melanoma (ere(::all:s_ Resistant  Renal (,\llj (r:1|g Prostate (O\\;?:rflg- Colon
b (U251)  (UACC-62) (NCI/ADR  (786-0) PC-3 (HT-29)
7) H460) 3)
-RES
18 Ph Ph 0.25 80.42 19.10 18.37 >100 >100 7.23 1.58 >100
19 4-NMe,-Ph Ph 64.49 nt >100 64.49 >100 >100 nt >100 >100
20 2-F-Ph Ph 84.13 Nt 63.15 >100 >100 >100 nt 0.73 0>10
21 Ph 2-thienyl >100 >100 >100 >100 >100 >100 >100 >100 01
22 3-NO,-Ph Ph >100 Nt >100 >100 >100 >100 nt 1.25 >100
23 Ph 2-Cl-Ph >100 >100 >100 >100 >100 >100 >100 >100 >100

nt = not tested. G@4: concentration of compound necessary to promod 50 growth inhibition after 48h of treatment, coanipng to cells growing without
treatment.



2.2.2.Cell death and cell cycle profile in 786-0 celldifor compound®c

In view of the potency oBc, this compound was chosen for further studies
concerning cell death and cell cycle profile bywilaytometry. The studies were
focused on the human renal adenocarcinoma cell’/B%0 since the derivativ@c was
able to inhibiting totally the growth and for killy 50% of this cell lines, at
concentrations of 13 uM and 105 pM, respectively.

The exposure of phosphatidylserine (PS) on cell brane surface signals for
recognition and engulfment of dying cells, becass# membrane of viable cells
exhibits substantial phospholipid asymmetry, witbstnof the PS residing on the inner
leaflet of the plasma membrane [45]. One of thehowdd used for assessment of
exposure of PS is the double staining for Annexiand 7-amino-actinomycin D (7-
AAD) by flow cytometry analyses. Annexin-V bindsR& translocated to the outer face
of the cell membrane during the initial processapbptosis (early apoptosis). 7-AAD
binds to the DNA of the cell and acts as an indicaf membrane structural integrity,
since it is not able to enter viable cells andyeapoptotic cells, thus indicating late
apoptosis or necrosis. Double staining for annékemd 7-AAD without the annexin-V
positive only stage can be a characteristic of agsror necroptosis (programmed
necrosis). For cell death evaluation, we perforntieel Annexin-V/7-AAD double
staining assay by flow cytometry.

Treatment with 25 uM of compourit for 24 hours led to membrane integrity
loss, since cells were double stained for annexiard 7-AAD or only stained for 7-
AAD (Figure 2A). Cells treated with 25 pM of compounféic presented PS
externalization, being 38.7 + 0.3% of cells dousiained for annexin-V and 7-AAD
and 36.6 £ 2.3% of the cells stained with 7-AADyo(ffigure 2A). To evaluate when
cells were committed to cell death, we evaluatezlittiluence of the treatment with
compound9c for 18 and 15h. After 18h of treatment, 34.4 %%.of the cells were
double stained for annexin-V and 7-AAD and 34.7.290 of the cells stained with 7-
AAD only (Figure 2B), meaning that there was no difference betweeartB24h of
treatments and that signalling for cell death maguo before 18 hours. In fact, after
15h of treatments, only 3.6 = 0.8% of the cellsevdouble stained for annexin-V and
7-AAD and 3.9 + 0.1% of the cells stained with 7-BAnly, which was not different
from the cells treated with vehicle, suggesting tampounddc at 25 uM induces cell
death between 15 and 18 hours of treatmBigufe 2C). The fact that even in the



beginning there is no staining for annexin-V onliggest that the compouréit may

induce necrotic or necroptotic cell death.
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Figure 2. Compound9c (25 pM) induced cell death in 786-0 cells, withtegralization of
phosphatidylserine (Annexin-V positive cells — NEX) and cell membrane degradation (7-
AAD positive cells — 7TAAD+). Cells were exposedviehicle (DMSO) and Compourt (25
uM) for 24 (A), 18 (B) and 15 hours (C) and anatyby flow cytometry, using Annexin V/7-
AAD double staining assay. Results represented egmit standard error, in percentage of
cells. Experiments were conducted three times,riplidate.***p<0.001, Tukey's Multiple

Comparison Test. ANOVA, statistically different fnovehicle.

Alterations in the cell cycle profile are closeipked to cell death, either by
being a consequence or preceding this phenomenany Mf cancer cells treatment
with anticancer agents usually result in cell cyateest, which subsequently leads the
cells to enter apoptosis [44]. To evaluate 78640 @&le profile after treatment with



compounddc, we performed cell cycle analysis by flow cytomyeffor this study, cells
were treated with 12.5 uM and 6.25 uM for 24 honws)-cytotoxic concentrations. As
a positive control, colchicine (1.25 nM) was emg@dyas it promoted cell cycle arrest
on G2/M phase. The cell cycle distribution of texh#80-6 cells is presented Table

3. As expected, colchicine (1.25 nM) increased teeegntage of cells in G2/M phase
(61.7 £ 2.1%), which was accompanied by a decrepsecentage of cells in the G1
phase. No interference on the cell cycle profiles whserved with compourfit at the
concentration of 6.2%M, but the treatment with 12.6M promoted a sub-G1 arrest,
which indicates DNA fragmentation, typical of cééath.

Treatments with compoun@t induced cell death in the renal human tumor cell
line 786-0 between 15 and 18 hours after treatmetit 25 uM. These cells were
stained with annexin-V and 7-AAD, meaning exposoirgghosphatidylserine and cell
membrane degradation respectively, which could ssiggeath through necrosis or
necroptosis. Further experiments will confirm thigpothesis. Treatments with lower
concentrations (6.25 and 12:8) did not affect the cell cycle profile of 786-6lts.

Table 3.Cell cycle profile of 786-0 cells treated with velei (DMSO), colchicine (1.25
nM) and compoun@c (6.25 and 12.5 uM) for 24 hours.

Treatment Sub-G1 G1 S G2/M
Vehicle 3.7+£0.9 47.1+1.0 126 +0.736.5+1.1
Colchicine (1.25 puM) 9.0+0.6 18.3+0.9***11.0+ 1.1 61.7 + 2.1***

Compounddc (6.25uM) 2.3+0.5  48.7+0.8 11.9+0.4 37.0%1.7

Compound®c (12.5uM) 153 +£5.0* 405+29 124+1.4 31.8%x6.5

Results represented by mean = standard error, inep@ge of cells. Experiments were
conducted three times, in triplicate **p<0.01, *#p.001, Tukey’'s Multiple Comparison Test.
ANOVA.

2.2.3.Antiviral activity

Some of theg-carboline-4-thiazolidinone derivatives synthesizeste evaluated
for their activity towards théderpes simplewirus type-1(HSV-1). Compounds with
ECso > 100 uM were considered inactive. The cytotoxicity to ¥ecells and the
selectivity index for the active derivatives welgsoadetermined.

The antiviral assay result§dble 4) showed that regardiny’-(2-ylidene-4-
thiazolidinone)g-carboline-3-carbohydrazide serie®-1(1), the derivative9f with 2-



fluorophenyl group at 1-position was the most actiuth EGo value of 19.54M. The
introduction of the ethyl or phenyl groups at 34pos of the thiazolidinone ring o®f
led to a loss of activity, resulting in the inaetiderivativeslOf and 11f, respectively.
Contrarily, the presence of ethyl group resultednrnimportant increment in the activity
of derivative containing the 4-dimetylaminophenybstituent at 1-position of the
carboline. The E§ values changed of 96.82 f@c to 6.78 uM for their N-ethyl
analoguelOc Concerning to derivatives containing the phemglug at the 3-position
of the thiazolidinone ringl1la, c, d, f)only the compound1d, with the 3-nitrophenyl
group attached to the 1-position of {frearboline, showed significant antiviral activity
with ECspvalue of 17.24/M.

From the comparison of Eg data of derivative®-11 with those ofN-(2-
substituted-aryl-4-thiazolidinong)-carboline-3-carboxamided §-20and22, Table 9,
it was observed that nature of thiazolidinone myo#terts significant influence in the
antiviral potency. The N-(2-substituted-aryl-4-toéidinone)-carboxamide moiety in
18, 19 and22 confer a potent anti-HSV-1 activity for these datives, which presented
ECso values of 0.80, 2.15 and 2.Q&Vl, respectively. The derivativ0, with 2-
fluorophenyl group at 1-position, showed moderativity with ECso value of 30.28
uM. Based on the above information, it is possile suggest that both groups
appropriate in the 1-position and the 3-positiontte# s-carboline ring influence the

antiviral activity.



Table 4. Antiviral activity againstHerpes simplewirus type-1, cytotoxicity and selectivity
index (Sl) data fop-carboline-4-thiazolidinone8-11and18-20,and22

Compounds R' R? CC&;’E)DP EC&;’T\"A‘L)DP IS¢

9a Ph H 2493 +70.71 102.22 £1.732 24.39
9c 4-NMe,-Ph H 1744 £ 23.54 96.82 + 2.000 18.02
%e 2-Cl-Ph H 766 £ 6.35 >100 nd

of 2-F-Ph H 1073 £ 53.03 19.57 +1.170 54.88
10b 4-MeO-Ph Et 1731 +5.77 26.57 £ 0.600 65.20
10c 4-NMe,-Ph Et 1649 £ 11.02 6.78 £ 0.517 243.40
10d 3-NO»-Ph Et 1792 £ 47.16 86.48 +£1.040 20.73
10e 2-Cl-Ph Et 1404 £ 88.0 >100 nd
10f 2-F-Ph Et 2980 +17.68 >100 nd
1lla Ph Ph 1478 £14.14 78.87 = 1.607 18.75
1lc 4-NMe,-Ph Ph 817 +£14.14 49.98 + 0.913 16.35
11d 3-NO»-Ph Ph 1168 + 56.57 17.24 £ 0.985 67.78
11f 2-F-Ph Ph 339+17.68 >100 nd
18 Ph Ph 506 + 6.429 2.15+1.732 235.0
19 4-NMe,-Ph Ph 467 +14.142 0.80 £ 2.000 592.5
20 2-F-Ph Ph 637 £ 26.501 30.28 + 1.628 21.0
22 3-NO,-Ph Ph 1080 £ 37.859 2.02 £0.494 533.9

2 Concentration at which 50% cytotoxicity is obseh/eConcentration at which 50% efficacy
in antiviral assay is observetSelectivity index (C&/ECso). ™ not determined



3. Conclusions

In this work, novel hybridsN’-(2-ylidene-4-thiazolidinonep-carboline-3-
carbohydrazides (9-11) and N-(2-substituted-4-thiazolidinongg-carboline-3-
carboxamideg18-23 have been synthesized and evaluated for theritro antitumor
and anti-HSV-1 activities. The assay results shothatl the nature of 4-thiazolidinone
moiety and of the substituent attached at the 8-Iarposition off-carboline nucleus,
respectively, influenced the antitumor and anthacivities.

Compoundl 1d, containing the 2-nitrophenyl at C-1 gfcarboline nucleusand
the N-phenyl substituent at 4-thiazolidinone ring, whs tmost active for thé&l’-(2-
ylidene-4-thiazolidinonep-carboline-3-carbohydrazide®-@1), showing Gi, values
in the range of 0.83 to 3.81 uM for all cell linested. Compounéc, bearing thed-
dimethylaminophenyl group at C-1 @fcarboline, also presented high potency and
induced cell death characterized by exposure o§pinatidylserine and cell membrane
degradation in the 786-0 renal cancer cell linghwio interference in the cell cycle
profile.

The changes in the nature of 4-thiazolidinone rugleed to a decrease of
activity for derivatives of theN-(2-substituted-aryl-4-thiazolidinong)carboline-3-
carboxamide seried 8-23; however, a potent activity and high selectividy glioma
(U251) and ovarian (OVCAR) cancer cell lines waseaslied for some compounds of
this series.

Furthermore, S-carboline-4-thiazolidinone hybrids showed potenitivaral
activity against Herpes simplex virus type-1. The N-(2-substituted-aryl-4-
thiazolidinone)-carboxamide moiety b8, 19 and 22 confer a potent anti-HSV-1
activity for these derivatives, which presentedsg@@lues of 0.80, 2.15 and 2.0,
respectively.

In summary, from our results it was possible toaobtnew hybrids 4-
thiazolidinoneg-carbolines with remarkable antitumor and antiviaativities, which
can be considered as potential compounds for fidudies in view to development of

new anticancer and antiviral agents.

4. Experimental

4.1. General methods



All reagents were purchased from commercial suppli®#he reactions were
monitored by thin layer chromatography conductedviamnk TLC plates (Silica Gel 60
F.s0). *H and*®C spectra were recorded in Varian spectrometer hiddecury plus BB
300 MHz and 75 MHz com deuterated solvents and Ta4Sinternal standard,
respectively, High Resolution Mass Spectra (HRM®&yemecorded on a TOF Bruker

Daltonics model IMPACT Il spectrometer in a postwmode.

4.2. Synthesis

4.2.1. General procedure for the synthesis of ptyphan methyl este2)

To a suspension of 2.04 g (10 mmol) of commeicitdyptophan {) in 50 mL
of MeOH was added dropwise concentrated sulfund antil complete solubilization.
The mixture was kept under reflux, stirring for B8urs and then cooled, neutralized
with a solution of 5% sodium carbonate, and exéetith ethyl acetate (3 x 35 mL).
The organic phase was dried with anhydrous sodiulfate and after filtration, the
solvent was removed in a rotary evaporator. Thee gproduct was obtained in 95%

yield.

4.2.2. General procedure for the synthesis of cidrans 1-(substituted-phenyl)-3-

carbomethoxy-tetrahydrg@-carbolines 8a-f)

To a solution of 1.09 g (5 mmol) aftryptophan methyl esteR) in CH,CI, was
added 5 mmol of the appropriate aldehyde and 2vatgints of trifluoroacetic acid. The
reaction mixture was kept at room temperature &hdurs and after evaporation of the
solvent and the remaining trifluoroacetic acid, thede product was neutralized with a
solution of 5% sodium carbonate and then extrasfddethyl acetate (3 x 35 mL). The
organic phase was dried with anhydrous sodium teudad after filtration, the solvent
was removed in a rotary evaporator. The solid okthiwas washed thoroughly with
methanol, providing a mixture ais andtrans 1-(substituted-phenyl)-3-carbomethoxy-

tetrahydrog-carboline.

4.2.3. General procedure for synthesis of 1-(stts-phenyl)-3-carbometoxy-

carbolines {a-f)

A suspension of the correspondings and trans 1-(phenyl-substituted)-3-

carbomethoxy-tetrahydr@-carbolines(3a-f) (5 mmol) and sulfur (15 mmol) in xylene



(50 ml) was refluxed for 48 hours and subsequeattlyy °C for 3 hours. The precipitate
formed was then filtered and washed with petroletiner providing thg-carbolines.

4.2.4. General procedure for synthesis of 1-(sttsti-phenyl)s-carboline-3-
carbohydrazides5a-f)

To a suspension of 4.0 mmol gfcarbolines(4a-f) in ethanol (50 mL) were
added 53 mmol of hydrazine hydrate 51%. This metuas refluxed for 72 hours and
at 0 °C for 3 hours to complete precipitation. Tnecipitate formed was filtered and

washed with ethanol, which gave the correspondurg products.

4.2.5 General procedure for the synthesis of 1-(susletittghenyl)s-carboline-3-

thiosemicarbazide$é-f)

To a suspension of 1-(substituted-phemiybarboline-3-carbohydrazide (1
mmol) (5a-f) in distilled water (30 ml) was added potassiunodiianate (4 mmol) and
drops of concentrated hydrochloric acid. The reactvas stirred and refluxed for a
period of 48h. The precipitate formed was filteogda sintered glass funnel and washed

with distilled water.

4.2.6 General procedure for the synthesis of 1-(substittghenyl)s-carboline-3-
thiosemicarbazides7é-f) and @a, c-d, f)

To a solution of 1-(substituted-phenybearboline-3-carbohydrazidéga-f) (1
mmol) in ethanol (20 mL) were added ethyltioisoat@nand / or phenyl isothiocyanate
(1 mmol). The reaction was stirred and refluxed doperiod of 48h. The precipitate
formed was filtered and washed with ethanol.

4.2.7. General procedure for the synthesis of bgstuted-phenyl)-N’-(3-substituted-4-
thiazolidinona-2-ylidenep-carbolina-3-carbohydrazide®4-f), (10a- f) and (L1a, c-d,

)

To a solution of thg-carboline-3-thiosemicarbazideatf), (7a-f) and(8a, c-d, f)(1.0
mmol) in ethanol (5 mL) was added ethyl bromoaeetat0O mmol), sodium acetate (4.0
mmol) and potassium hydroxide (1 O mmol). The lieacmixture was stirred and

refluxed for 48 hours. The precipitate formed wlered and washed with ethanol.

4.2.7.1. (2)-1-(4-methoxyphenyl)-N’-(4-oxothiazolidin-2-ydite)-9H-pyrido[3,4-
blindole-3-carbohydrazidg9b). Yield: 62%; mp 256-257 °C*H NMR (300 MHz,



DMSO-tg): ¢ 3.90 (s, 3H, OCh), 4.05 (s, 2H, Ch H-5"), 7.21 (d,J = 8.7Hz, 2H, H-
3, H-5"), 7.32 (t,J = 7.3Hz, 1H, H-6), 7.51 (tJ = 7.6Hz, 1H, H-7), 7.71 (dJ = 7.3
Hz, 1H, H-8), 8.16 (dJ = 8.7Hz, 2H, H-2’, H-6’), 8.43 (dJ = 8.1Hz, 1H, H-5), 8.83
(s, 1H, H-4), 10.66 (s, 1H, NH), 11.91 (s, 1H, N#),99 (s, 1H, NH)**C NMR (75.45
MHz), DMSO-): 34.6 (CH, C-5"), 55.4 (OCH), 112.7 (CH, C-8), 112.9 (CH, C-4),
114.3 (2CH, C-3’, C-5), 120.3 (CH, C-6), 121.2,(C-4b), 122.1 (CH, C-5), 128.6
(Co, C-4a), 129.7 (CH, C-7), 129.9 {C-1’), 130.1 (2CH, C-2’, C-6"), 134.1 (<C-
9a), 138.5 (G, C-3), 140.4 (G C-8a), 141.5 (; C-1), 160.1 (G C-4'); HRMS-ESI:
calcd for GoH1gNsO3S [M+H]™ 432,1130, found: 432.1099.

4.2.7.2. (2)-1-(4-(dimethylamino)phenyl)-N’-(4-oxothiazohe-ylidene)-9H-
pyrido[3,4-b]indole-3-carbohydrazid€dc). Yield: 75%; mp > 270 °C (decomplH
NMR (300 MHz, DMSO#dg): ¢ 3.10 (s, 6H, N(Me), 3.97 (s, 2H, Ch), 6.96 (dJ=9.0
Hz, 2H, H-3’, H-5"), 7.32 — 7.34 (m, 1H, H-6), 7.557.64 (m, 2H, H-7, H-8), 7.98 (4,
= 9.0 Hz, 2H, H-2', H-6"), 8.22, (d] = 8.1 Hz, 1H, H-5), 8.76 (s, 1H, H-4YC NMR
(75.45 MHz), DMSOsdg): 34.2 (CH, C-57),, 39.8 (2CH), 112.1 (CH, C-4), 112.2
(2CH, C-3, C-5), 112.7 (CH, C-8), 119.8 {OC-4b), 120.6 (CH, C-6), 121.8 (CH, C-
5), 128.3 (CH, C-7), 129.3 ((£C-4a), 129.4 (2CH, C-2’, C-6), 133.54CC-1"), 133.8
(Co, C-9a), 138.3 (& C-1), 141.3 (2¢; C-3, C-8a), 150.7 (£ C-4’), 150.8 (C=N, C-
2"); HRMS-ESI: calcd for GeHooNgO,S [M+H]" 445.1447, found 445.1162:

4.2.7.3. (Z2)-1-(3-nitrophenyl)-N’-(4-oxothiazolidin-2-ylidef9H-pyrido[3,4-b]indole-
3-carbohydrazid€9d). Yield: 81%; mp 212-214 °C*H NMR (300 MHz, DMSOsk): 6
4.04 (s, 2H, Ch), 7.36 (t,J = 7.5Hz, 1H, H-6), 7.65 (t) = 7.5Hz, 1H, H-7), 7.71 (dJ
= 8.1Hz, 1H, H-8), 7.95 (tJ = 7.8Hz, 1H, H-5"), 8.42 (d,) = 7.8Hz, 1H, H-6’), 8.49
(d,J = 7.8Hz, 1H, H-5), 8.59 (s, 1H, H-2’), 8.64 (d= 7.8Hz, 1H, H-4"), 9.00 (s, 1H,
H-4), 10.80 (s, 1H, NH), 12.00 (s, 1H, NH), 12.301H, NH).**C NMR (75.45 MHz),
DMSO-): 34.6 (CH, C-57), 112.7 (CH, C-8), 114.4 (CH, C-8), 120.6HCC-6),
121.2 (G, C-4b), 122.3 (CH, C-5), 123.6 (CH, C-6’), 123CH, C-2"), 129.1 (CH, C-
7), 130.4 (CH, C-5), 130.5 (- C-4a), 134.5 (¢ C-1), 135.3 (CH, C-4’), 138.3 (£
C-9a), 138.8 (g C-3), 139.0 (G C-8a), 141.7 (& C-1), 148.3 (G, C-3), 161.4 (C=N,
C-2"), 172.1 (C=0, C-4"); HRMS-ESI: calcd for,{1sNsOsS [M+H]" 447.0875,
found: 447.0570.



4.2.7.4.(Z2)-1-(2-chlorophenyl)-N’-(4-oxothiazolidin-2-ylide)-9H-pyrido[3,4-b]indole-
3-carbohydrazidd9e). Yield: 72%; mp 236-241 °C*H NMR (300 MHz, DMSO#): ¢
4.01 (s, 2H, Ch), 7.34 (t,J = 7.3 Hz, H-6), 7.60 — 7.65 (m, 3H, H-3', H-4", %), 7.72
—7.79 (m, 2H, H-7, H-8, H-6"), 8.46 (d,= 7.8 Hz, 1H, H-5), 8.95 (s, 1H, H-4), 10.46
(s, 1H, NH), 11.81 (s, 1H, NH), 11.93 (s, 2H, NHHN **C NMR (75.45 MHz),
DMSO-dg): 34.5 (CH, C-57), 112.4 (CH, C-8), 114.1 (CH, C-4), 120.3HCC-6),
121.0 (G, C-4b), 122.3 (CH, C-5), 128.9 (CH, C-7), 129.H(CC-6"), 130.0 (G, C-
4a), 130.0 (CH, C-4"), 130.7 (CH, C-5'), 132.1,(C-1"), 132.5 (CH, C-3’), 135.3 ({
C-27), 138.2 (G, C-3), 139.7 (G, C-9a), 141.3 (& C-1), 141.4 (G, C-8a), 161.2 (C=N,
C-2"); HRMS-ESI: calcd for giH1sCINsO,S [M+H]" 436.0635, found: 436.0334.

4.2.7.5. (Z2)-1-(2-fluorophenyl)-N’-(4-oxothiazolidin-2-ylide)-9H-pyrido[3,4-b]indole-
3-carbohydrazide(9f). Yield: 65%; mp > 250 °C (decomp.jH NMR (300 MHz,
DMSO-dg): § 3.52 (s, 2H, Ch), 7.29 (td,J =7.1, 1.8 Hz, 1H, H-6), 7.44 — 7.50 (m, 2H,
H-7, H-8), 7.54 — 7.68 (m, 3H, H-3’, H-4’, H-6"),.75 (t,J = 6.9 Hz, 1H, H-5), 8.45.
(d,J = 7.8 Hz, 1H, H-5), 8.88 (s, 1H, H-4), 11.09 (s, NH), 11.68 (s, 1H, NH)"*C
NMR (75.45 MHz), DMSOdg): 38.0 (CH, C-57), 112.3 (CH, C-6"), 113.3 (CH, C-4),
116.4 (CH, C-8), 119.9 (CH, C-6), 120.9%(C-4b), 122.1 (CH, C-5), 124.9 (CH, C-7),
128.6 (G, C-4a), 129.1 (CH, C-4'), 131.0 (CH, C-3'), 131BH, C-5'), 135.0 (G, C-
1), 136.4 (G, C-3), 140.4 (G C-8a), 141.2 (§ C-9a), 157.1 (§ C-2), 158.1 (C=N,
C-27), 167.3 (C=0, carbohydrazide), 182.4 (C=0, "G-4HRMS-ESI calcd for
C,1H15FNsO,S [M+H]" 420.0930, found: 420.0624.

4.2.7.6. (2)-N’'-(3-ethyl-4-oxothiazolidin-2-ylidene)-1-phds®H-pyrido[3,4-b]indole-3-
carbohydrazide (10a). Yield: 72%; mp 257-258 °C.'H NMR (300 MHz,
CDCI/CDs0D): 6 1,28 (t,J = 7.2 Hz, 3H, CH), 3.89-3.96 (m, 4H, Ck CH,), 7.31 (t,
J=7.3Hz, 1H, H-6), 7.48-7.54 (m, 2H, H-7, H-8)57-7.61 (m, 3H, H-3’, H-4’, H-5),
8.02 (d,J = 7.9Hz, 2H, H-2", H-6"), 8.20 (dJ = 8,1 Hz, 1H, H-5), 8.84 (s, 1H, H-4).
¥c NMR (75.45 MHz, CDGICDs;OD): 12.1 (CHCHs), 33.1 (CH, C-57), 38.5
(CH,CHg), 112.2 (CH, C-8), 113.6 (CH, C-4), 120.6 (CH, -B1.7 (CH, C-5), 128.2
(2CH, C-2’, C-6"), 128.7 (CH, C-7), 128.9 (2CH, G-8-5’), 129.1 (CH, C-4"), 130.4
(Co, C-17), 137.7 (2@, C-1, C-9a), 138.0 (§- C-3), 141.4 (G C-8a), 154.3 (C=N, C-
2"), 162.1 (C=0, carbohydrazide), 170.8 (C=0, C-4HIRMS-ESI: calcd for
Ca3H20N50.S [M+H]" 430.1338, found: 430.1322.



4.2.7.7.(2)-N’-(3-ethyl-4-oxothiazolidin-2-ylidene)-1-(4-thexyphenyl)-9H-pyrido[ 3,4-
blindole-3-carbohydrazid€10b). Yield: 63%; mp 158-160 °C'H NMR (300 MHz,
CDCI5/CD3s0D): 6 1,32 (t, J = 7.2 Hz, 3H, Gj} 3.93 — 4.00 (m, 4H, CHCH,), 3.93 (s,
3H, OCH), 7.16 (d,J = 9.0Hz, 2H, H-3', H-5"), 7.35 (H-6), 7.56 — 7.64 (m, 2H-7,
H-8), 8.02 (dJ = 8.7Hz, 2H, H-2’, H-6"), 8.22 (dJ = 8.1Hz, 1H, H-5), 8.84 (s, 1H, H-
4). BC NMR (75.45 MHz, CDG/CD;0D): 12.3 (CHCH,), 33.2 (CH, C-5"), 38.7
(CH,CHj3), 55.4 (OCH), 112.2 (CH, C-8), 113.3 (CH, C-4), 114.4 (2CH2CC-6"),
120.7 (CH, C-6), 121.9 (CH, C-5), 128.8 (CH, C-I29.6 (2CH, C-3’, C-5"), 130.3
(Co, C-17), 130.4 (G, C-9a), 134.9 (& C-1), 138.2 (G C-3), 141.2 (G C-8a), 154.2
(C=N, C-2"), 162.1 (C=0, carbohydrazide), 170.8 GC£-4"); HRMS-ESI: calcd for
C4H2oN505S [M+H]" 460.1443, found: 460.1430.

4.2.7.8. (2)-N’-(3-ethyl-4-oxothiazolidin-2-ylidene)-1-(4rdethylaminophenyl)-9H-
pyrido[3,4-b]indole-3-carbohydrazide(10c). Yield: 73%; 'H NMR (300 MHz,
CDCI/CDs0D): 6 1.33 (t,J = 7.0 Hz, 3H, CH), 3.07 (s, 6H, N(Me), 3.92 (s, 2H,
CHy), 3.98 (g, J = 7.0 Hz, 2H, GH 6.94 (d,J = 9.0 Hz, 2H, H-3', H-5’), 7.36 (dt] =
15.0, 7.0 Hz, 1H, H-6), 7.53 — 7.61 (m, 2H, H-78H-7.94 (dJ = 9.0 Hz, 1H, H-2', H-
6", 8.23 (d,J = 7.8 Hz, 1H, H-5), 8.85 (s, 1H, H-4)°C NMR (75.45 MHz,
CDCl/CDs0OD): 12.2 (CHCH,), 29.6 (CH, C-5"), 38.6 (CHCHs;), 40.3 (CH,
N(CHzg),), 112.1 (CH, C-8), 112.5 (2CH, C-3’, C-5"), 112QH, C-4), 120.6 (CH, C-6),
120.8 (CH, C-5), 122.0 (¢ C-1"), 125.5 (G, C-4b), 128.5 (CH, C-7), 129.1 (2CH, C-
2', C-6’), 130.0 (G, C-1), 134.9 (G C-9a), 141.1 (& C-3), 151.1(C=N, C-2").

4.2.7.9. (Z2)-N’-(3-ethyl-4-oxothiazolidin-2-ylidene)-1-(3trophenyl)-9H-pyrido[3,4-b]
indole-3-carbohydrazid€10d). Yield: 71%:; mp 284-286 °C'*H NMR (300 MHz,
DMSO-t): 6 1,21 (t,J = 6.6 Hz, 3H, CH), 3.78 (q, J = 6.6 Hz, 2H, GH 4.10 (s, 2H,
CHy), 7.34 (t,J = 7.0 Hz, 1H, H-6), 7.60 — 7.71 (m, 2H, H-7, H-8)93 (t, J = 7.6 Hz,
1H, H-5’), 8.40 (dJ = 7.5Hz, 1H, H-6), 8.64 (d,) = 6.9 Hz, 1H, H-5), 8.92 (s, 1H, H-
4), 8.96 (s, 1H, H-2'), 10.82 (s, 1H, NH), 12.13 {#, NH). **C NMR (75.45 MHz,
DMSO-t): 12.2 (CHCH,), 32.7 (CH, C-5"), 37.6 (CHCHs), 112.7 (CH, C-8), 114.1
(CH, C-4), 120.5 (CH, C-6), 121.1 (CH, C-4’), 122@GH, C-6’), 123.6 (CH, C-2)),
129.0 (CH, C-7), 130.3 (-C-1"), 130.5 (CH, C-5"), 135.2 (CH, C-5), 138Qy( C-3),
138.8 (G, C-1), 141.1 (g C-9a), 145.9 (¢ C-8a), 148.3 (& C-3’), 158.7 (C=N, C-
2"), 160.0 (C=0, carbohydrazide), 171.1 (C=0, C-4HIRMS-ESI: calcd for
C23H190NgO4S [M+H]" 475.1188, found: 475.1166.



4.2.7.10. (2)-N’-(3-ethyl-4-oxothiazolidin-2-ylidene)-1-(24cophenyl)-9H-pyrido[3,4-
blindole-3-carbohydrazidg10e). Yield: 82%; mp 174-176C. *H NMR (300 MHz,
CDCIy/CD3s0D): 6 1,31 (t,J = 7.05 Hz, 3H, Ch), 3.92 — 3.99 (m, 4H, 2C} 7.48 —
7.53 (m, 2H, H-7, H-8), 7.58 — 7.72 (m, 4H, H-344 H-5', H-6’), 8.27 (d,J = 8.1
Hz, 1H, H-5), 8.94 (s, 1H, H-4), 8.95 (s, 1H, NHYC NMR (75.45 MHz,
CDCl/CDs0OD): 12.4 (CHCH,), 33.5 (CH, C-5"), 38.9 (CHCHj3), 112.6 (CH, C-8),
114.6 (CH, C-4), 120.9 (CH, C-6), 122.0o(C-4b), 122.1 (CH, C-5), 127.5 (CH, C-7),
129.2 (CH, C-6"), 130.4 (§ C-4a), 130.7 (CH, C-4’), 131.8 (CH, C-3"), 133, C-
1), 136.3 (G, C-2'), 136.5 (G, C-3), 137.9 (g C-9a), 140.3 (¢; C-1), 141.9 (@ C-
8a), 155.5 (C=N, C-2"), 162.7 (C=0, carbohydrazid&)1.5 (C=0, C-4"); HRMS-ESI:
calcd for GsH1sCINsO,S [M+H]" 464.0948, found: 464.0896.

4.2.7.11. (2)-N’-(3-ethyl-4-oxothiazolidin-2-ylidene)-1-(2itsrophenyl)-9H-pyrido[3,4-
blindole-3-carbohydrazid€10f). Yield: 67%; mp 150-153 °C.*H NMR (300 MHz,
DMSO-t): 6 1,33 (t,J = 7.0 Hz, 3H, CH), 3.95 (s, 2H, Ch), 3.97 (9,J = 6.1 Hz, 2H,
CHy), 7.31 — 7.36 (m, 3H, H-6, H-3", H-6"), 7.41 (tll= 7.6, 1.2 Hz, 1H, H-4), 7.53 —
7.61 (m, 2H, H-7, H-8), 7.88 (td, J = 7.5, 1.8 H&l, H-5"), 8.26 (d,J = 7.8 Hz, 1H, H-
5), 8.95 (s, 1H, H-4):*C NMR (75.45 MHz, DMSQdg): 12.3 (CHCH,), 33.2 (CH, C-
5"), 38.7 (CHCHs), 112.6 (CH, C-8), 114.3 (CH, C-4), 1168« 21.6 Hz, CH, C-3"),
120.8 (CH, C-6), 121.6 @ C-4b), 121.9 (CH, C-5), 124.9 € 3.3 Hz, CH, C-6)),
125.4 ( = 14.8 Hz, G, C-1’), 129.1 (CH, C-7), 130.3 (CC-4a), 131.1J = 8.2 Hz,
CH, C-4’), 131.8 = 3.9 Hz, CH, C-5), 136.0 ({>C-1), 136.9 (G C-3), 138.2 (g, C-
8a), 141.3 (g C-9a), 156.8 (J = 283.0 Hz,,QC-2), 161.9 (C=N, C-2"), 162.1 (C=0,
carbohydrazide), 171.0 (C=0, C-4"); HRMS-ESI: calimit Co3H1gFNsO,S [M+H]"
448.1243, found: 448.1153.

4.2.7.12. (2)-N’-(4-oxo0-3-phenylthiazolidin-2-ylidene)-1-pha®H-pyrido[3,4-
blindole-3-carbohydrazid€11a). Yield: 65%; mp 283-285 °C'H NMR (300 MHz,
DMSO-dg): 6 4.27 (s, 2H, ChH), 7.30 — 7.54 (m, 8H, H-3’, H-4’, H-5’, H-2"", FB’”,
H-4"", H-5", H-6"), 7.32 (t, J= 6.6 Hz, 1H, H-6), 7.57 — 7.61 (m, 1H, H-7), 7:65
7.69 (m, 1H, H-8), 8.19 (dl = 6.3 Hz, 2H, H-2', H-6"), 8.44 (d] = 7.2 Hz, 1H, H-5),
8.83 (s, 1H, H-4), 10.60 (s, 1H, NH), 12.90 (s, MH). *C NMR (75.45 MHz,
DMSO-dg): 33.1 (CH, C-5”), 112.7 (CH, C-8), 113.2 (CH, C-4), 120.3HCC-6),
121.1 (G, C-4b), 122.2 (CH, C-5), 128.3 (2CH, C-3", C-5")28.6 (2CH, C-3', C-5'),
128.7 (CH, C-7), 128.9 (2CH, C-2", C-6"), 129.2CH, C-2’, C-6’), 130.0 (¢ C-4a),



134.3 (G, C-1'), 134.9 (G, C-1™), 137.3 (G, C-9a), 138.6 (& C-3), 140.6 (G C-1),
141.5 (G, C-8a), 158.5 (C=N, C-2"), 160.5 (C=0, carbohyitia}, 171.1 (C=0, C-4");
HRMS-ESI: calcd for H20Ns0,S [M+H]* 478.1338, found: 478.1115.

4.2.7.13. (2)-1-(4-dimethylaminophenyl)-N’-(4-ox0-3-phenydtholidin-2-ylidene)-9H-
pyrido[3,4-b]indole-3-carbohydrazidé¢1lc). Yield: 68%; mp 278-279 °C'H NMR
(300 MHz, DMSO#dg): ¢ 3.04 (s, 6H, N(Me), 4.28 (s, 2H, Ch), 7.28 (t,J = 7.5 Hz,
1H, H-6), 6.96 (dJ = 8.7 Hz, 2H, H-3", H-5"), 7.41 (d,J = 7.5 Hz, 2H, H-3’, H-
517.47 —7.50 (m, 1H, H-4""), 7.54 (d, J = 7.5 H2H, H-2"", H-6""), 7.47 — 7.70 (m,
2H, H-7, H-8), 8.05 (dJ = 8.7 Hz, 2H, H-2', H-6’), 8.38 (d] = 7.8 Hz, 1H, H-5), 8.68
(s, 1H, H-4), 10.64 (s, 1H, NH), 11.82 (s, 1H, NHC NMR (75.45 MHz, DMSGd):
33.2 (CH, C-5"), 111.8 (CH, C-4), 112.1 (2CH, C-3™, C-5,"112.7 (CH, C-8), 120.2
(CH, C-6), 121.2 (& C-4b), 122.0 (CH, C-5), 124.7 {CC-1"), 128.4 (2CH, C-3’, C-
57, 128.7 (CH, C-7), 129.2 (2CH, C-2", C-6"), 84 (CH, C-4"), 133.9 (g, C-1"),
134.9 (G, C-9a), 138.3 (; C-1), 141.4 (2¢; C-8a, C-3), 150.9 (,;C-4"), 157.3 (C=N,
C-27), 160.5 (C=0O, carbohydrazide), 171.1 (C=0, "G-HRMS-ESI: calcd for
CogH25NsOS [M+H]" 521.1760, found: 521.1594.

4.2.7.14.(Z)-1-(3-nitrophenyl)-N’-(4-oxo-3-phenylthiazolidirylidene)-9H-pyrido[3,4-
blindole-3-carbohydrazidg11d). Yield: 75%; mp 256-258 °C'H NMR (300 MHz,
DMSO-t): 6 4.26 (s, 2H, CH), 7.30 — 7.37 (m, 1H, H-6), 7.41 (@= 7.6 Hz, 2H, H-
3", H-5"), 7.47 — 7.49 (m, 1H, H-4""), 7.54 (dJ = 7.6 Hz, 2H, H-2"", H-6""), 7.62
—7.70 (m, 2H, H-7, H-8), 8.40 (d,= 7.5 Hz, 1H, H-4"), 8.47 (d] = 7.5 Hz, 1H, H-5),
8.63 (d,J = 7.8 Hz, 1H, H-6"), 8.87 (s, 1H, H-4), 8.96 ($J,1H-2"), 10.81 (s, 1H, NH),
12.13 (s, 1H, NH)*C NMR (75.45 MHz, DMSG8dg): 33.0 (CH, C-5"), 112.6 (CH, C-
8), 114.1 (CH, C-4), 120.1 (CH, C-6), 120.5,C-4b), 122.3 (CH, C-5), 123.5 (CH, C-
2"), 123.6 (CH, C-4’), 128.3 (2CH, C-3", C-5"),28.7 (CH, C-7), 129.0 (CH, C-4™),
129.1 (2CH, C-2"", C-6™), 130.3 (CH, C-5’), 130(&,, C-1’), 134.4 (G, C-4a), 135.2
(Co, C-1"), 138.1 (G, C-1), 138.7 (G C-9a), 139.0 (¢ C-3), 141.6 (G C-8a), 148.3
(Co, C-3), 159.7 (C=N, C-2"), 160.4 (C=0, carbohydd®), 171.2 (C=0, C-4");
HRMS-ESI: calcd for g/H10NgO4S [M+H]" 523.1188, found: 523.0923.

4.2.7.15. (2)-1-(2-fluorophenyl)-N’-(4-oxo-3-phenylthiazoldR-ylidene)-9H-
pyrido[3,4-b]indole-3-carbohydrazidel{f). Yield: 63%; mp 193-195 °C.'H NMR
(300 MHz, DMSO¢): § 4.23 (s, 2H, Ch), 7.31 (td, J = 7.2, 1.5 Hz, 1H, H-6), 7.40 (d,



J =7.6 Hz, 2H, H-3"", H-5""), 7.45 — 7.50 (m, 3HH-7, H-3', H-6"), 7.53 (d, J = 7.5
Hz, 2H, H-2", H-6""), 7.62 — 7.69 (m, 3H, H-8, Fb", H-4""), 7.93 (td, J = 7.5, 1.5
Hz, 1H, H-4"), 8.45 (d, J = 7.8 Hz, 1H, H-5), 8.8% 1H, H-4), 10.55 (s, 1H, NH),
11.85 (s, 1H, NH)**C NMR (75.45 MHz, DMSQ4dq): 33.1 (CH, C-57), 112.4 (CH, C-
8), 113.7 (CH, C-4), 116.3 (J = 209.0 Hz, CH, G-330.3 (CH, C-6), 120.8 (CC-4b),
122.3 (CH, C-5), 124.9 (J = 3.15 Hz, CH, C-6")512(G, C-4a), 128.3 (2CH, C-3",
C-5"), 128.7 (CH, C-7), 128.9 (CH, C-4"), 129.2CH, C-2, C-6"), 131.3 (J =8.4
Hz, CH, C-5’), 132.0 (J = 3.3 Hz, CH, C-4’), 133@&, C-1"), 134.8 (G, C-1'), 135.3
(Co, C-9a), 136.4 (& C-3), 138.6 (& C-1), 141.3 (G C-8a), 158.3 (C=O,
carbohydrazide), 159.2 (J = 247.8 Hz, C-2’), 160.3 (C=N, C-2"), 171.1 (C=0, C-
4™); HRMS-ESI: calcd for GH1oFNsO,S [M+H]* 496.1243, found: 496.1029.

4.2.8. General procedure for the synthesis of N’'-arylid¢hesubstituted-pheny})-
carboline-3-carbohydrazided42-17)

To a solution ofs-carboline-3-carbohydrazid®a, c, d, f)(1.0 mmol) in DMF
(3.0 mL) were added the appropriate aromatic aldety(1.2 mmol). The reaction
mixture was irradiated in the domestic microwaveroat 60% power level for 1-3 min.
The reaction was monitored by TLC. After all tharshg material was consumed the
reaction mixture was poured into water and the ipiate formed was collected by

filtration and washed successively with water.
4.2.9.General procedure for the synthesigafarboline-4-thiazolidinong¢18-23)

The emulsion of arylideng-carboline-carbohydrazid€l2-17) (1.0 mmol) in toluene
(10.0 mL) was added slowly mercapto acetic aci@ (Bmol) and catalytic p-toluene
sulfonic acid. The reaction medium was kept underireg and reflux and TLC
monitored the development of the reactions. Aftarsuimption of the starting material,
the reaction was treated with a 5% solution of g&itan carbonate until pH 8.
Precipitate formed was collected by filtration orsiatered glass funnel and washed
with water. For the derivative49 and23 no precipitate formation after treatment with
base. In these cases, the reaction mixture waaatatt with ethyl (3 x 20 mL). The
organic phase was dried with anhydrous sodium teylféltered and the solvent

evaporated in vacuum.



4.2.9.1. (2)-N’-(4-oxothiazolidin-2-ylidene)-1-phenyl-9H-pgo[3,4-b]indole-3-
carbohydrazidd9a). Yield: 70%; mp > 270 °C (decomp‘H NMR (300 MHz, DMSO-
de): 6 3.55 (s, 2H, Ch H-57), 7.29 (t,J = 7.4Hz, 1H, H-6), 7.52-7.72 (m, 5H, H-7, H-
8, H-3’, H-4’, H-5"), 8.18 (dJ = 6.9Hz, 2H, H-2’, H-6’), 8.39 (dJ = 7.5Hz, 1H, H-5),
8.80 (s, 1H, H-4), 10.20 (s, 1H, NH), 11.91 (s, N#), 11.99 (s, 1H, NH)**C NMR
(75.45 MHz), DMSOdg): 34.6 (CH, C-5"), 112.6 (CH, C-8), 114.0 (CH, C-4), 120.9
(CH, C-6), 121.9 (& C-4b), 122.0 (CH, C-5), 128.6 (2CH, C-2’, C-a1R9.1 (CH, C-
7), 129.3 (2CH, C-3’, C-5’), 129.5 (CH, C-4"), 180G, C-4a), 135.5 (&7 C-1’), 137.9
(Co, C-9a), 138.0 (& C-3), 141.8 (2¢; C-1, C-8a), 162.7 (C=N, C-2"); HRMS-ESI:
calcd for G1H1eNs0,S [M+H]" 402.1025, found: 402.0736.

4.2.9.2. N-(4-ox0-2-phenylthiazolidin-3-yl)-1-phenyl-9H-pyoi3.4-b]indole-3-
carboxamide(18). Yield: 67%; mp 140-142 °CH NMR (300 MHz, CDC}): ¢ 3.83
(dd, J = 15.0, 1.5 Hz, 1H, Hb), 3.99 (d, J = 154 BH, Ha), 6.07 (s, 1H, CH), 7.35 —
746 (m, 6H, H-6, H-2"", H-3"", H-4"", H-5"", H- 6""), 7.49 — 7.64 (m, 6H, H-8, H-2’,
H-3', H-4', H-5', H-6"), 7.71 — 7.74 (m, 1H, H-78.07 (d, J = 7.8 Hz, 1H, H-5), 8.27 (s,
1H, H-4), 9.22 (s, 1H, NH), 9.29 (s, 1H, NHJC NMR 75.45 MHz, CDG): J 30.6
(CH,, C-5"), 63.6 (CH, C-27), 112.6 (CH, C-8), 113.8HCC-4), 121.1 (CH, C-6),
121.9 (G, C-4b), 122.0 (CH, C-5), 128.1 (2CH, C-3™, C-5"328.4 (2CH, C-3’, C-5)),
129.0 (2CH, C-2', C-6"), 129.2 (2CH, C-2", C-6")129.3 (CH, C-4™), 129.6 (CH, C-
4"), 134.8 (G, C-4a), 137.2 (26, C-1’, C-1™), 137.3 (G, C-9a), 137.5 (§; C-3), 140.6
(Co, C-8a), 140.9 (6 C-1), 163.6 (C=0, carboxamide), 170.4 (C=0, C-HRMS-
ESI: calcd for G;H,1N4O,S [M+H]" 465.1385, found: 465.1133.

4.2.9.3. N-(4-oxo-2-phenylthiazolidin-3-yl)-1-(4-dimethylaraphenyl)-9H-pyrido[3.4-
blindole-3-carboxamid€19). Yield: 67%; mp 227-231°GH NMR (300 MHz, CDC)):
0 2.95 (s, 6H, (Ch),), 3.78 (dd, J = 18.0, 1.8 Hz, 1H, Hb), 3.95 (d&; 15.0, 1.3, Hz,
1H, Ha), 6.01 (s, 1H, H-2"), 6.70 (d, J = 9.0 K24, H-3’and H-5’), 7.30 — 735 (m, 1H,
H-6), 7.34 (d, J = 9.0 Hz, 2H, H-2’ and H-6") 7.48.62 (H-4""), 7.49 — 7.54 (m, 1H,
H-7), 7.51 (d, J = 7.5 Hz, 2H, H-3"" and H-5"")7.55 — 7.62 (m, 2H, H-2"" and H-
6™), 7.78 — 7.81 (m, 1H, H-8), 8.16 (d, J = 718z, 1H, H-5), 8.65 (s, 1H, H-4}*C
NMR 75.45 MHz, CDGJ): ¢ 30.5 (CH, C-5"), 40.5 (2CH, N(CHs),), 63.7 (CH, C-2),
112.6 (3CH, C-8, C-3', C-5"), 114.3 (CH, C-4), 12QCH, C-6), 121.8 (CH, C-5),
121.9 (G, C-4b), 123.5 (g C-4a), 128.9 (2CH, C-3", C-5"), 129.0 (CH, C=¥
129.3 (CH, C-7), 129.5 (4CH, C-2’, C-2”, C-6’, C*§ 130.2 (G, C-1™), 135.5 (G,



C-1), 137.3 (G, C-9a), 137.7 (& C-3), 141.6 (G C-1), 151.6 (g C-4'), 160.1 (G,
C-8a), 164.8 (C=0O, carboxamide), 170.5 (C=0, C-4HRMS-ESI. calcd for
CooHo6N50,S ['\/H‘H]Jr 508.1807, found: 508.1676.

4.2.9.4. N-(4-oxo-2-phenylthiazolidin-3-yl)-1-(2-fluorophdy@H-pyrido[3.4-b]indole-
3-carboxamidg20). Yield: 71%; mp 187-188 °CH NMR (300 MHz, CDC}): ¢ 3.78
(dd, J = 15.0, 1.5 Hz, 1H, Hb), 3.92 (d, J = 1819, 1H, Ha), 6.12 (s, 1H, H-2"), 7.33 —
7.38 (m, 5H, H-6, H-7, H-8, H-3"" and H-5""), 73— 7.50 (m, 1H, H-4""), 7.49 (d, J =
7.8 Hz, 2H, H-2"" and H-6""), 7.43 — 7.50 (m, 2H4-6" and H-3"), 7.54 — 7.58 (m, 2H,
H-4" and H-5’), 8.19 (d, J = 8.1, 1H, H-5), 8.84 {#H, H-4);6 30.4 (Ch, C-5"), 63.2
(CH, C-2"), 112.0 (CH, C-8), 115.0 (CH, C-4), 121GH, C-6), 122.0 (& C-4b),
122.3 (CH, C-5), 127.4 (CH, C-6"), 128.1 (2CH, C;X-5"), 129.1 (2CH, C-2", C-
6), 129.4 (CH, C-7), 129.6 (CH, C-5’), 130.0 {OC-4a), 130.5 (CH, C-3’), 130.7
(CH, C-4"), 132.0 (CH, C-4™), 133.0 (§ C-2), 135.7 (G, C-1), 135.9 (G, C-9a),
137.4 (G, C-1), 138.0 (G C-3), 139.6 (g C-1"), 140.6 (G, C-8a), 163.8 (C=0,
carboxamide), 170.0 (C=0, C-4”); HRMS-ESI: calcdr Gy7H20FN4O>S [M+H]*
483.1291, found: 483.1013.

4.2.9.5. N-(4-oxo-2-thienylthiazolidin-3-yl)-1-phenyl-9H-pgo[3.4-b]indole-3-
carboxamidg?21). Yield: 70%; mp 251-254 °CH NMR (300 MHz, DMSO#l): J 3.82
(d, J =15.9 Hz, 1H, Hb), 3.94 (d, J = 15.9, Hz, H4), 6.04 (s, 1H, H-2"), 7.30 — 7.38
(m, 5H, H-6, H-3', H-5’, H-4"), 7.60 (d, J = 7.8 H2H, H-2’ and H-6’), 7.58 — 7.63 (m,
1H, H-7), 7.74 (d, J = 8.4 Hz, 1H, H-8), 7.82 (& 3.1 Hz, 1H, H-4""), 8.12 (d, J =4.0
Hz, 1H, H-3™), 8.40 (d, J = 8.1 Hz, H-5), 8.75, (H, H-4):;6 29.5 (CH, C-5"), 62.2
(CH, C-2"), 112.9 (CH, C-8), 114.0 (CH, C-4), 12QGH, C-6), 121.0 (& C-4b),
122.1 (CH, C-5), 127.1 (CH, C-3™), 127.6 (2CH, G-¢-6’), 128.4 (CH, C-4’), 128.5
(2CH, C-3, C-5), 128.9 (CH, C-5™), 129.1 (CH, ©), 130.1 (@, C-4a), 132.6 (CH,
C-1'), 135.3 (G, C-8a), 137.3 (& C-1"), 138.1 (G, C-9a), 141.3 (& C-3), 141.5 (G
C-1), 163.1 (C=0, carboxamide), 169.2 (C=0, C-4HRMS-ESI: calcd for
CasH1aN4O,S, [M+H] * 471.0949, found: 471.0701.

4.2.9.6. N-(4-oxo0-2-phenylthiazolidin-3-yl)-1-(3-nitrophejydH-pyrido[3.4-b]indole-3-
carboxamide(22). Yield: 83%; mp 172-174 °CH NMR (300 MHz, CDC})): ¢ 3.89
(dd, J = 16.0, 1.5 Hz, 1H, Hb), 4.03 (dd, J = 16.2,Hz, 1H, Ha), 6.15 (s, 1H, H-2"),
7.37 —7.44 (m, 2H, H-7, H-8), 7.41 (d, J = 7.8 BA, H-3"” and H-5""), 7.47 (d, J =



8.4 Hz, 2H, H-2"" and H-6""), 7.51 — 7.59 (m, 3H{-6, H-2’ and H-4""), 7.83 (dt, J =
8.1, 1,0 Hz, 1H, H-5"), 7.95 (d, J = 8.1 Hz, 1HEH; 8.15 (dd, J = 8.1, 1.0 Hz, 1H, H-
5), 9.51 (s, 1H, H-4)) 30.4 (CH, C-5"), 63.6 (CH, C-2"), 112.8 (CH, C-8), 115.1HC
C-4), 121.2 (CH, C-6), 121.7 ¢C-4b), 121.9 (CH, C-5), 123.8 (CH, C-4’), 123.9
(CH, C-2), 128.0 (CH, C-7), 128.3 (2CH, C-3™, C*p 129.0 (CH, C-4™), 129.2
(2CH, C-2™, C-6™), 129.9 (CH, C-5’), 130.2 ({C-4a), 134.8 (CH, C-6"), 134.9 {C
C-1'), 137.5 (G, C-3), 138.8 (G C-9a), 139.3 (g C-1"), 139.7 (G, C-1), 141.9 (G
C-8a), 149.3 (& C-3), 164.4 (C=0, carboxamide), 170.7 (C=0, Q-41RMS-ESI:
calcd for G7H2oNs04S [M+H] * 510.1236, found: 510.0914.

4.2.9.7. N-[4-0x0-2-(2-chlorophenyl)thiazolidin-3-yl]-1-phgR9H-pyrido[3.4-b]indole-
3-carboxamide 43). Yield: 78%; mp 272-275 °CH NMR (300 MHz, CDC}): ¢ 3.83
(dd, J = 15.0, 1.0 Hz, 1H, Hb), 3.92 (d, J = 15% tH, Ha), 6.57 (s, 1H, H-2"), 7.28 —
7.42 (m, 5H, H-6, H-8, H-4', H-4"", H-5"), 7.51- 7.54 (m, 2H, H-7, H-6""), 7.58 (d,
J =7.5 Hz, 2H, H-2'and H-6’), 7.68 (dd, J = 7.63 Hz, 1H, H-3"), 7.86 (d, J = 7.5
Hz, 2H, H-3' and H-5’), 8.17 (d, J = 8.1 Hz, 1H,HI-8.72 (s, 1H, H-4)) 30.0 (CH,
C-5"), 60.2 (CH, C-2"), 112.7 (CH, C-8), 114.6 (C&54), 121.0 (CH, C-6), 121.9 (CH,
C-5), 122.0 (G, C-4b), 128.5 (CH, C-5™), 128.7 (CH, C-3"), 129(3CH, C-2’, C-6/,
C-6"), 129.4 (CH, C-7), 130.4 (§;C-4a), 130.4 (CH, C-4™), 130.5 (CH, C-4"), 133.9
(Co, C-2"), 135.6 (G, C-1"), 135.7 (@, C-9a), 137.4 (¢; C-1™), 137.8 (G, C-1), 141.8
(Co, C-3), 142.0 (g C-8a), 165.1 (C=0, carboxamide), 170.9 (C=0, L-HRMS-
ESI: calcd for GiH2CIN4O.S [M+H]" 499.0995, found: 499.0672.

4.3. Biological activities
4.3.1.Anticancer activity

The antitumor activity of the-carboline-4-thiazolidinones was evaluated
vitro against nine different human cancer cell lines:5U2glioma), UACC-62
(melanoma), MCF-7 (breast), NCI/ADR-RES (ovarianpressing multiple-drug-
resistance phenotype), 786-0 (renal), NCI-H460 {smmall cell lung cancer), PC-3
(prostate), OVCAR-3 (ovarian) and HT-29 (colon) Jj46 Stock and experimental
cultures were grown in medium containing 5 mL RPW640 (GIBCO BRL)
supplemented with 5% fetal bovine serum (GIBCO BREgnicilin:Streptomicin
mixture (1000 U/mL:1000 pg/mL, 1mL/L RPMI) was addéo the experimental
cultures. Cells in 96-well plates (100 pL cells Wiglwere exposed to sample



concentrations in DMSO/RPMI (0.25, 2.5, 25, 250mplgY) in triplicate at 37C, 5% of
CO; in air for 48 h. The final DMSO concentration dmbt affect cell viability.
Doxorubicin (0.025 to 25 pg/mL) was used as pasitentrol. Before (Jplate) and
after the sample addition {plates), cells were fixed with 50% trichloroacedd, and
cell proliferation was determined by spectrophottsimequantification (540 nm) of
cellular protein using the sulforhodamine B asdagxorubicin was employed as the
positive control. All compounds were tested in licigte each concentration. Thesgl
(concentration expressed M that inhibits 50% of cell growth or cytostaticfet)
were determined through non-linear regression aiwlysing the concentration—
response curve for each cell line in software ORIBIO® (OriginLab Corporation).
Compounds with Gpvalues > 100uM were considered inactive. The TGI (cytostatic
activity) and LG (cytotoxic activity) parameters refer to the drugncentration for
total growth inhibition and for killing 50% of theells, respectively.

4.3.2.Measurement of phosphatidylserine externalizatioth @membrane integrity

Phosphatidylserine externalization and membranegiity was analysed
using Guava® Nexin Assay Kit (Guava Technologiesyward, CA) in accordance
with manufacturer’s instructions. 786-0 cells wareculated in 12 wells plate (3 x 40
cells/mL) and incubated for 24 hours at 37 °C, 504@, in air. Then, cells were
treated with compoun®c (25 pM) in DMSO/RPMI for 24 hours, harvested and
resuspended at a density of 1 > t@lls in 100 uL of supplemented medium. One
hundred microliter of binding buffer containing @&xm-V and 7-AAD were added on
the cells and incubated in the dark for 20 mincatmm temperature. After, cells were
analysed by flow cytometer (Guava Easycyte Mini-@udechnologies, Hayward,
CA). After, cells were analysed by flow cytometeGuava Easycyte Mini-
Guava Technologies, Hayward, CA). We collected 6.80ents, as suggested by the
protocols of Guava Easycyte kits [47].

4.3.3. Cell cycle analyses

Cells cycle analyses were performed with the Gu&el® Cycle reagent
(Guava Technologies, Hayward, CA) in accordancé witanufacturer’s instructions.
780-0 cells were inoculated in 12 wells plate (3% cells/mL) and incubated for 24
hours at 37 °C, 5% of GQOn air. Afterwards, cells were deprived of seruon 24 hours

for cell cycle synchronization and then treatechvabmpoundc (6.25 and 12.5 pM)



and colchicine (Sigma-Aldrich, 1.25 nM) in DMSO/RRMor 24 hours. After
treatment, cells were harvested and resuspendediesity of 1 x 10cells in 100 pL
of PBS. The binding buffer containing propidium iael (Pl) was added to the cells
(100 pL) and suspension was incubated in the darR@ minutes at room temperature.
After, cells were analysed by flow cytometer (Guaasycyte Mini-Guava
Technologies, Hayward, CA). We collected 5.000 &veams suggested by the protocols
of Guava Easycyte kits [48].

4.3.4.Statistical analyses

The results were expressed as the mean + standand aad by analysis of
variance (ANOVA), one-way followed by Tukey tesf. values lower than 0.05
(p < 0.05) were considered as indicative of sigaifice and represented by: *p < 0.05,
**p < 0.01 and ***p < 0.001. The calculations weperformed using the statistical
software GraphPad Prism version 5.0, San DiegddZaia, USA.

4.4. Antiviral activity

The compounds were evaluated for their cytotowieptial in vitro according to
the colorimetric technique of sulforhodamine B dimd by Skehan andol [54]:
VERO cells were treated with various concentratiohsompounds (1000 pg/mL, 500
pg/mL, 100 pg/mL, 10 pg/mL, 1 pg/mL and 0.1 pg/mii)riplicate. It was used as
control cells without the drug and acyclovir wagdigis a standard of HSV-1. Through
the results of the antiviral activity assay was qige to analyze the effective
concentration - E£ is the concentration required to protect 50% ef tells against
HSV-1; cytotoxic concentration - Ggwhich is related to the toxic dose for 50% of the
cells; and selectivity index - IS value which rafdo how many times the analysis
compound is more active to infection. So are aatm@pounds that are experiencing 1S
> 1. The cytotoxicity was determined against celé IVERO - kidney African green
monkey cells (ATCC CCL81). These cells were culiure DMEM - Dulbecco's
Modified Eagle Medium (Gibco®) supplemented with%0fetal bovine serum
(Gibco®) and gentamicin and maintained at 37°Crinamosphere of 5% GOTo
obtain the viral suspensions VERO cell monolayeesencultured and infected with

Herpes simplex typekOS strain.
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Highlights

Novel hybrids s-carboline-4-thiazolidinones were synthetized

Compounds were evaluated for their in vitro antitumor and antiviral activities
Compounds 9c and 11d displayed potent antitumor activity in vitro
Compound 9c induced cell death in the renal human tumor cell line 786-0
Potent anti-HSV-1 activity was observed for derivatives 18, 19 and 22



