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Abstract:

A series of sulfur-substituted anthra]1,2-c][1,2,5]thiadiazole-6,11-diones were
synthesized and evaluated for cell proliferations, apoptosis, signaling pathways, and
NCI-60 cell panel assay, respectively. Compounds 2, 3, 4a, 4d, 4f, 4i, 4k, 5b, 5c, 5d,
5f, 5g, 6b, 6¢c, 6d, 6€, 6g, 7a and 7g were selected by NCI and 4d, 4f, 5f, 6g and 7a
represent the Glsp, TGl and LCsp, respectively. Among them, 6g appeared to be the
most active compound of this series that not only induced apoptosis in DU-145 cancer
cells but also attenuated the ERK 1/2 and p-38 signaling pathways. All test compounds
exhibited diverse cytostatic and cytotoxic activities for further developing potential
anticancer agents.

Keywords: Thiadiazoles, anthra[1,2-c][1,2,5]thiadiazole-6,11-dione, SRB assay, NCI
60-cell panel assay, apoptosis.
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Abstract:

A series of sulfur-substituted anthra[X}Pt,2,5]thiadiazole-6,11-diones were
synthesized and evaluated using the cell proli@mat apoptosisand NCI-60 cell
panel assays. Also, the signaling pathways thabuaxtcfor their activities were
investigated. Compound 3, 4a, 4d, 4f, 4i, 4k, 5b, 5c, 5d, 5f, 59, 6b, 6¢, 6d, 6e, 69,
7a and7g were selected by NCI. Among the tested compousglappeared to be the
most active compound of this series that not omtjuced apoptosis in DU-145 cancer
cells but also attenuated the ERK1/2 and p-38 Sigpathways. All test compounds
exhibited diverse cytostatic and cytotoxic actastithat warrant further development

as potential anticancer agents.

Keywords. Thiadiazoles, anthra[1,8f1,2,5]thiadiazole-6,11-dione, SRB assay, NCI

60-cell panel assay, apoptosis.



1. Introduction

Thiadiazoles are among the privileged pharmacoédgsraffold fragments
because of their unique chemical properties foremdi® biological and clinical
applications [1], such as anticancer [2-5], antisimmatory [6], antihypertensive [7],
antidepressant [8,9], anticonvulsant [10], antiimanial [11,12], and antimicrobial
activities [13-16]. Anthraquinone-containing extsafrom different plant sources (e.g.
senna, cascara, aloe, frangula, and rhubarb etee) leen found to have wide variety
of pharmacological activities such as anti-inflanbong, wound healing, analgesic,
antipyretic, anti-microbial, and antitumor actiedi [17,18]. To date, anthracycline
antibiotics (e.g. daunorubicin, doxorubicin) ande thselective anthraquinone
derivatives (e.g. mitoxantrone, emodin) are impdrenthraguinone-containing drugs,
showing strong antiproliferative (or cytostaticliaities and diverse applications in
clinical practice [19]. In view of the above faesd the concept of bio-isosterism we
developed a ring fusion strategy that fused thedihzole and anthraquinone
structures to alter their pharmacological and pigrsemical properties for varied
bioactivities. The scaffold hopping strategy aim@m the discovery of novel
anticancer drugs has been generally accepted asiasnto transform pharmacophoric
templates, and subsequently match these with congpltary features embedded into
small-molecule topologies [20] (Fig. 1).

Based on the similar chemical properties and drmsparison studies, our
group illustrated that related various tricyclicdatetracyclic anthraquinone-derived
analogs exhibited anticancer activities by actisgpatent telomerase and/or TOP1
inhibitors [18,21-24]. Thorough analysis of thesaffold according to the associated
biological activity showed that thiadiazole rendeenthraquinone moieties
unprecedented broad-spectrum bioactivities [223222]. In addition, the

five-membered thiadiazole ring connected to thenmda tricyclic anthraquinone
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moiety gives a compact and planar structure thdiibgs an extremely low
aromaticity as a result of its high polarity aneéadton-withdrawing tendency [1].
Although a number of thiadiazole-containing drugsvén advantages over other
commonly discovered therapeutic scaffolds, the ridlst investigated of these broad
biological relevance in clinical currently on tharket [30,31]. In this study we were
interested in developing the widely reported drugmtaining 1,2,5-thiadiazole,
timolol, vedaclidine, sulfametrole, tazomeline amxhnomeline taking into
consideration that anthra[l¢]l,2,5]thiadiazole-6,11-dione was evaluated as
bioisostere of core. Based on our previous studies,
anthra[1,2¢€][1,2,5]thiadiazole-6,11-dione was shown to exhggnificant antitumor
potency against several cancarsvitro andin vivo [26-28]. Moreover, the tricyclic
and tetracyclic systems, heterocyclic anthraquisoa@d substituents of these
heterocycles with thiadiazole-containing compoutygiscally lead to analogues with
improved activities because the sulfur atom impsutsstantially increased binding to
their intracellular targets as well as increaspddolubility [31].

We have previously synthesized various tricyclid aetracyclic derivatives
having different substituents at different posisomhich showed remarkable potent
anticancer activities. In the course of our coritiguisearch for new antitumor agents
from the thiadiazole-containing anthraquinone coumus, we hypothesized that the
fused system containing thiadiazole ring will haadvantage over benzene and
thiazole. Compared with other heterocycles, thizalm (benzene bioisostere) with
unparalleled properties display striking differanticytotoxicity profiles. The
anticancer activities of our new compounds werduawad using a panel of 60 human
tumor cell lines primary screen provided by the NOSA). Toward supporting the
aforementioned hypothesis and exploration of SARs, found the backbone of

anthra[1,2¢€][1,2,5]thiadiazole-6,11-dione  derivatives is asatmd  with
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DNA-intercalating or topoisomerase inhibitory prapes. The cytotoxicity of our
compounds against two classical human prostatescaed lines (including PC-3 and
DU-145) where evaluated by the SRB and MTT assdgblé 1). Moreover?2
(NSC745885)3 (NSC757963)4a (NSC757964)4d (NSC761882)4f (NSC761884),
4i (NSC757966), 4k (NSC761890),5b (NSC761881),5¢c (NSC761891), 5d
(NSC763955), 5f (NSC761885), 59 (NSC761883), 6b (NSC761889), 6¢
(NSC761886), 6d (NSC761892), 6e (NSC761887), 6g (NSC763968), 7a
(NSC757965), andc (NSC763965) were selected by the NCI for one daseening
program (Table 2). Considering their structure amt chains4d (NSC761882)4f
(NSC761884),5f (NSC761885),6g (NSC763968), and’a (NSC757965) showed
potent growth inhibition activities, so they wereakiated at 5 dose concentration
levels (Table 3). For the most potent compoégdthe effects on the cell cycle and
induction of apoptosis were also tested in the humpeostate cancer cell line
(DU-145). In this study, it is generally acceptdudhtt we provide insight into the
correlation between the cytotoxicity and inhibitiaativities against ERK 1/2 and
p-38 phosphorylation of some of selective synthetimpounds for their anticancer
activities.
2. Chemistry

According to our previous series of studies, theucstiral complexity of
anthra[1,2¢€][1,2,5]thiadiazole-6,11-dione, arising from theegence of tetracyclic
ring has restricted most of the SAR studies bywadidation of the parent lead
structure rather than bye novo chemical synthesis [22,23,26-29]. There has been a
continuous interest in the synthesis of sulfur-sulded
anthra[1,2¢€][1,2,5]thiadiazole-6,11-diones and their systemdissection largely on
account of their complementary activities. Our @ignstarting material anthra[1¢2-

[1,2,5]thiadiazole-6,11-dione€2) was synthesized from 1,2-diaminoanthraquinone by
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thionyl chloride and trimethylamine as catalyst.bSeguently,3 was prepared by
potassium chlorate in hydrochloric acid in the pree of acetic acid and quenched
by ice water. Such approach, as shown in Schemeatting2 with the appropriate
thiols and thiophenols by using ferric chloridecasalyst in DMF for several hours or
reacting 3 with the appropriate thiols and thiophenols in diHF and
N,N-diisoproprylethylamine (DIPEA) afforded the suHsubstituted
anthra[l,2¢][1,2,5]thiadiazole-6,11-dione derivatives in gogdlds (overall 35-88%).
It was found that the two above-mentioned methedsdirectly to the formation of
the desired final products. In the series of demiganalogues, we maintained the
anthra[1,2¢€][1,2,5]thiadiazole-6,11-dione as a core structurand the lead
optimization focused on varying the electron-witdding or electron-releasing
substituents at the thio-position of anthra[&][2-2,5]thiadiazole-6,11-dione skeleton.
3. Resultsand discussion
3.1 Invitro antiproliferative activities

In an initial attempt to investigate the cytotoxi@activities of
anthra[1,2¢€][1,2,5]thiadiazole-6,11-dione, the d€values of each target compound
were measured by SRB and MTT assays against PCGd3Dan145 cells. As
illustrated in Table 1, the values ofsi3or nine compound<2( 4d, 4f, 4q, 5d, 6f, 69,
7b and 7d) were less than 1AM against PC-3 and/or DU-145 cells, respectively.
Through structural variation as shown in Tableolexplore the effect of substitution
in the linker, a few electron donating substituef@sls, OCH;, OGHs) of terminal
phenyl group were predicted to have less efficatyour assays. In addition to
examining different linkers and diverse heteroarmnsubstitutions on the terminal
phenyl, the activity of electron withdrawing groop meta-position substitution was
superior topara-position andortho-position. These data also indicated that a swatabl

linker were important for enzymatic inhibition aadticancer cell proliferation. More
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importantly, compoundf and 6g were chosen for further optimization based on
evaluating the SAR in greater detail. Among thé&g s the most active derivative
with 1Csp values of 3.69M and 4.53uM against PC-3 and DU-145, respectively. So,
compoundég was selected for further evaluation for the motpbieal changes and
apoptosis in DU-145 cells, as well as inhibitioti\aty against the ERK 1/2 and p38
phosphorylation. Understanding the cell death payfsafor selective killing against
cancer cells would lead to more effective strategiteseemed from theresults 6y
that the preclinical studies still have a long waygo because of its target and
mechanism.
3.2 NCI60 human cell lines anticancer drug screening

The anticancer activity and toxicity of all the tteompounds were evaluated
using the National Cancer Institute (NCI) Drug ®ecré’rogram of 60 human tumor
cell lines. Details of the methodology are desatilveour previous reports [21, 24, 25,
32-36]. There are two stages of the screening peott&t starts with the evaluation of
the test compounds against the 60 human tumolied at a single dose of 10M.
In this initial screening?, 3, 4a, 4d, 4f, 4i, 4k, 5b, 5c, 5d, 5f, 5g, 6b, 6¢, 6d, 6e, 69,
7a, and7c were chosen by NCI and tested against a panel d¢fué@an tumor cell
lines. The growth inhibition percentages obtainemnf the single dose experiments
are shown in Table 2. Compountt$ 4f, 5f, 6g and7a showedpotent and significant
growth inhibition so they were evaluated further tbeir cytostatic and cytotoxic
activities against the 60 cell lines panel using fike dose studies (0.01, 0.1, 1, 10
and 100 uM). The dose-response curve is originated from libg 10 of the
corresponding drug concentration against eacHioelfrom the subpanel groups. The
percentage growth at each concentration witl, GGl and LGof 4d, 4f, 5f, 6g and
7a are shown in Table 3. The vitro results showed that compoundfsand6g have

potent broad spectrum anticancer activities agaimsost all of the human cancer cell
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lines with Gko in nano molar to micro molar range. As shown ibl&&8,4f exhibited
remarkable anticancer activity against most oftdsted cell lines representing nine
different subpanels with G values between 0.31 to 20uM. With regard to the
sensitivity against some individual cell lind$,showed high activity against Ovarian
cancer (OVCAR-4) and Breast cancer (MDA-MB-231/AT)C&2ll lines with Gig
values of 0.31 and 0.3/, respectively. Sensitive cell lines 46, exhibited an L&
with as little as 6.7uM and TGI with as little as 0.94M for Ovarian cancer
(OVCAR-4). Results of our above study extended ithigal in vitro observation
reported in the data above and confirmed the inapo# of anticancer activity.

More interestingly,6g had the prominently potent activity against mosthe
tested cell lines with G4 values ranging from 0.18 to 1381. With regard to the
sensitivity against individual cell line§g showed high activity against Leukemia
(0.18-0.31uM); Non-small lung cancer (0.32-2.88M); Colon Cancer (0.29-13.3
uM); CNS Cancer (0.52-3.32M); Melanoma (0.20-2.72:M); Ovarian Cancer
(0.25-2.9@M); Renal Cancer (0.56-5.68M); Prostate Cancer (0.25-1.49M);
Breast Cancer (0.29-2.1gM). It is worth mentioning thattg had the highest
selectivity against the following cell lines withldg Leukemia (0.18-0.31uM),
Non-small lung cancer (HOP-92: 0.32VI; NCI-H23: 0.56 uM), Colon Cancer
(HCT-116: 0.29 uM; SW-620: 0.43uM), CNS Cancer (SNB-75: 0.52iM);
Melanoma (LOX IMVI: 0.34uM; MDA-MB-435: 0.20 uM; SK-MEL-2: 0.99 uM;
UACC-257: 0.57uM); Ovarian Cancer (IGROV1: 0.96M; OVCAR-3: 0.25uM,;
OVCAR-4: 0.36uM; OVCAR-8: 0.49uM; NCI/ADR-RES: 0.52uM); Renal Cancer
(A489: 0.56uM; CAKI-1: 0.59uM; SN12C: 0.66uM); Prostate Cancer (PC-3: 0.25
uM); Breast Cancer (MDA-MB-231/ATCC: 0.29uM; T-47D: 0.38 uM;
MDA-MB-468: 0.37uM). The five dose graphs and dose response cufggs for all

tested cell lines are illustrated in Fig. 2.
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3.3 Theinvitro selectivity of the full NCI60 cell panel assay

All the NCI60 cell panel assays, representing ntoeor subpanels, were
incubated at five different concentrations of tkesttcompounds. The sensitivity of
compounds against some individual cell lines depead the ratio obtained by
dividing the full panel MID and particular subpaniD [37]. Ratios between 3 and 6
refer to moderate selectivity; ratios greater thandicate high selectivity toward the
corresponding cell line, while compounds not megéither of these criteria are rated
non-selective [38]. All of these parameters providgight into the selectivity and
potency of the antitumor activity. Based on theaeameters4d, 4f, 5f, 6g and 7a
were found to be moderately selective for growthibition toward leukemia cancer
subpanel wherég and 7a showed selectivity ratios of 6.44 and 3.66, respely,
whereas they were found to be less selective aghiesemaining cell panels (Table
4). It seemed from these results that dddyexhibited the unique selectivity against
leukemia cancer.
3.4 The cytotoxicity of 6g to SV-HUC-1 cells (human normal urothelial cells),
(WMPY-1) normal human prostatic stromal myo-fibroblasts and (RWPE-1) normal
prostate epithelial cells.

In this study, we compared the cytotoxic effectf-HUC-1 cells (human
normal urothelial cells), WMPY-1 (normal human gedge stromal myo-fibroblasts)
and RWPE-1 (normal prostate epithelial cellgjuced by6g, and also compared this
cytotoxicity to doxorubicin (DXR). Based on our wds compound6g had less
cytotoxic effect than DXR. As shown in Fig. 3g and doxorubicin were compared
regarding cytotoxicity in the normal cell line (SMJC-1 cells), 80% survival rate of
the cells was observed with the highest concentraif 6g. As shown in Fig. 3b and
3c, 50% and 60% survival rate was observed withhigbest concentration @Qg of

WMPY-1 (normal human prostatic stromal myo-fioradttg and RWPE-1 (normal
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prostate epithelial cells), respectively. Theseadae of interest, as it suggests that
DXR are more toxic to WMPY-1 (normal human prostatiromal myo-fibroblasts.
The response of the well-known anticancer drug, DXRs more toxic at the same
concentration.
3.5. Morphological changes and apoptosisin DU-145 cells

In the present study, we assessed the effedigobn human prostate cancer
DU-145 cellsin vitro, and elucidated its possible mechanisms. DU-145 geere
treated with different concentrations@gf and cell proliferation was assessed by MTT
assay, cell apoptosis by flow cytometry, and protieivels of Bcl-2 by Western
blotting. The results showed thég inhibited the proliferation of DU-145 cells in a
dose-dependent manner. DU-145 cells treated witfiereint concentrations ofg
displayed obvious morphological changes indicaiipgptosis under the fluorescence
microscope. In additiorfg increased the proportion of early apoptotic DU-té8s,
down-regulated the protein levels of Bcl-2. Morggt analysis confirmed the
cytotoxic effects ofég. As shown in Fig. 4, the apoptotic morphologichhieges
included cell rounding and shrinkage after 24 hmaubation with 5uM of 6g.
Following above observation, we concluded Bgtaused apoptosis in DU-145 cells.
To investigate whether apoptosis inducedégywas involved in activating caspase
cascades, we exposed DU-145 cells to various ctrnatiems of the compound for 48
h. The activity of caspase-3 was then determinedgusestern blotting analysis,
which revealed the activation of caspase-3 witldrh4of 6g treatment. The PARP, a
113 kDa nuclear enzyme, is cleaved in fragmen®&9aduring apoptosis. Exposure to
6g also decreased the total PARP, increased thesle¥atleaved PARP (Fig. 5) and
decreased the levels of cyclinD1 and Bcl-2 (Fig. @3a. Interesting, there are more
cleaved PARP and cleaved caspase 3 at concent8ativhthan at 12 uM odg might

be apoptosis and necrosis.
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3.6 Inhibition activity of 6g against ERK1/2 and p38 phosphorylation

In view of the previous rationale and in continaatiof our ongoing program,
ERK1/2 is an important mitogen-activated proteimase which control cellular
activities and physiological processes [39]. Westaot analysis demonstrated that
compound 6g had significant inhibition activities against ERK/2 and p-38
phosphorylation in DU-145 cells. As shown in Fig.compoundég inhibited p-38
phosphorylation in DU-145 cells at 3, 12, 18/ with obvious concentration
dependency. Interestingly, compousgimight induce ERK %2 phosphorylation at low
concentrations but against ERK ¥z phosphorylatidmgtt concentrations. Thus, these
compounds can inhibit the proliferation of DU-14Blls through the mediated
signaling pathway of ERK1/2 and p-38.
4. Conclusion

In this investigation, we continue to pay attenttorthe role of our synthesized
tetracyclic anthraquinone moiety pharmacophore atwl understand the
pharmacological effects of thiadiazole-containimjhaaquinone derivatives. Thus, a
novel structure of substituted anthra [t]Rt,2,5] thiadiazole-6,11-dione derivatives
were design and synthesized. The NCI60 cancer pémétemia (0.18-0.31M),
non-small cell lung cancer (0.32-2.8M), colon cancer (0.29-1348V), CNS cancer
(0.52-3.32uM), melanoma (0.20-2.72M), ovarian cancer (0.25-2.9(M), renal
cancer (0.56-5.68M), prostate cancer (PC-3: 0.pM; DU-145: 1.45uM), breast
cancer (0.29-2.1uM) were sensitive tdg. Also, the leukemia (0.56-0.64M),
non-small cell lung cancer (1.00-18461), colon cancer (0.44-204M), melanoma
(0.54-2.34uM), ovarian cancer (0.31-3.9/M), breast cancer (0.37-3.2iM) were
sensitive toAf whereas the CNS cancer, renal cancer and prostatercpanels were
less sensitive. The averagesgvalues of6g and 4f were 1.61 and 3.68M,

respectively. The data showed that the compoundsrgesulfur alkyl side chains
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displayed potent cytotoxicity in prostate canceliscd-urthermore, response of the
well-known anticancer drug, DXR, showed more tdyicthan 6g at high
concentrations in the normal human urothelial c&lisren the striking correlations
between the proliferative capacity and topoisoneeagivity in tumor cells (data not
shown), we expected that analysis of the anthrafj[122,5]thiadiazole-6,11-dione as
a chromophore with various thiol groups side chsimstitutions might produce
further insight into designing better lead compantbr anti-tumor agents.
Morphology analysis confirmed that the cytotoxideefs of 6g not only induced
apoptosis but also activated the caspase cascddeARP as well as decreasing the
levels of cyclinD1 and Bcl-2. Additionally, the iidition activities of 6g on the
ERK1/2 and p38 protein phosphorylation were alsstete by Western blotting.
Results showed that such inhibition was concewninadiependent. Thus, compousgl
can inhibit the proliferation of DU-145 cells thgiu the mediated signaling of
ERK1/2 and p38 pathways. Collectively, the extemsBARs studies discussed here
have helped us to design a further novel seriggtént anticancer drugs to enhance
the bioavailability andn vivo activity. Comparison of our experimental resuledé¢o
the conclusion that the vitro anticancer activity is dependent on the lengthnider
between phenyl and sulfur substituents, with ore taro carbons of linker typically
giving rise to compounds with higher activity. Cooopds containing
1,2,5-thiadiazole ring was observed to have higiemxy, and some of them displayed
excellent activities against a range of tumor cell¥he ability of
thiadiazole-containing anthraquinone compoundsatget DNA could explain their
broad activity in unique ways which could potenyiabe used for chemical
intervention at the gene level. Sulfur containimgpsituents in various heterocyclic
derivatives might have a promising effect on theldgical activity, so our

above-mentioned results may contribute to substigmtogress in this field.
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5. Materialsand methods
5.1 Chemistry

Melting points were determined by melting point amtus (Biclfi 545). All
reactions were monitored by TLC (Silica Gel 684+ "H NMR spectra were recorded
with GEMINI-300 MHz (Variaff) and AM-500 MHz (Bruket). Chemical shift &)
values were in ppm relative to TMS as an intertahdard. Fourier-transform IR
spectra (KBr): Perkin-Elmer 983G spectrometer. Mapsectra were obtained on
Finnigan MAT 95 XL HRMS and Finnigan/Thermo QuesAMHRMS. Reagents and
solvents were purchased from Merck and Aldrich usé@tout further purification.
Typical experiments illustrating the general praged for the preparation of the
anthraquinones are described below.
5.2.General synthetic methods A - Preparation of compound 2

1.19g (5 mmole) of 1,2-diaminoanthraquinone (conmabd) was dissolved in
THF (30ml). The thionyl chloride (SOgI(0.5mL) and triethylamine (TEA) (3 mL)
were added and the reaction mixture was stirred@i temperature for 24 hours.
The mixture was quenched by ice water (100ml) duwedh tcollected by filtering. The
crystals were recrystallized from hot EtOH to geh@ compoundNSC745885
(anthra[1,2€][1,2,5]thiadiazole-6,11-dione
General synthetic methods B - Preparation of compound 3

A solution of 0.50 g (2 mmole) of compou5C745885 in 15 mL of acetic
acid at 90C was treated with 5 ml of concentrated hydrochlaga. A solution of
2.0 g of potassium chlorate was added to the lgpguspension during a 45 minutes
time interval. The mixture was then boiled for dmet4 hours and the precipitate was
separated in ice bath. Finally the reaction prodNSE757963 was crystallized from
acetic acid.

General synthetic methods C: preparation of compounds 4a~ 4r, 5a~ 5h, 6a~ 69
13



and 7a~ 7e

These compounds were synthesized from 1,2-diamihcaquinone. All the
chemicals and organic solvents required for symhe®re purchased from either
Sigma Aldrich Chemical Company or Merck Chemicalnany. A mixture of
compound3 (0.3 g, 1 mmole) in dry THF and,N-Diisoproprylethylamine (DIPEA)
(0.5 mL) were heated to &5, and then series organosulfur compounds (2 mniole)
same solvent were added. The reaction mixtures medtexed for 2~4 hours at G5.
Then the crude products were purified by ethanalffard desired compounds.
5.2.1.  4-(Phenylthio)anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (4a)
The pure compound was obtained as an orange redepdvield 78¢). Mp: 224-225
“C (EtOH).FT-IR (KB, Vmaxcm?): 1508.2 (aromatic C=C), 1519.8 (CO), 1589.2
(CO), 1672.2 (C=N)*H NMR (300 MHz, CDCJ): 7.58-7.62 (m, 3H), 7.71-7.74 (m,
2H, m), 7.76-7.86 (m, 3H), 8.16 (ddk 7.8 Hz,J= 1.5 Hz, 1H), 8.35 (ddl= 7.8 Hz,
J= 1.5 Hz, 1H)*C NMR (75 MHz, CDC}): 5 ppm 119.93, 121.40, 127.04, 127.44,
128.32, 130.67, 130.87, 132.30, 133.97, 134.03,8B34135.73, 135.90, 143.57,
151.32, 155.18, 181.68, 183.52. HRMS (EWz calcd for GoHioN20.S," [M]™;
374.0184, found, 374.0184.
5.2.2.  4-(2-Fluorophenylthio)anthral1,2-c][1,2,5]thiadiazole-6,11-dione (4b)
The pure compound was obtained as a yellow oramyedgr (yield 88¢5). Mp:
272-273°C (EtOH). FT-IR (KBrymaxcm?): 1508.2 (aromatic C=C), 1541.0 (CO),
1591.2 (CO), 1674.1 (C=NJH NMR (300 MHz, CDCJ): 5 ppm 7.32-7.40 (m, 2H),
7.61-7.67 (m, 1H), 7.68-7.69 (m, 1H), 7.71-7.75 i), 7.76-7.86 (m, 2H), 8.17 (dd,
J= 7.5 Hz,J= 1.5 Hz, 1H), 8.34 (dd]= 7.5 Hz,J= 1.5 Hz , 1H)!*C NMR (75 MHz,
CDCl): 6 ppm 117.21, 117.51, 119.84, 121.67, 126.04, 1261@9.08, 127.48,
127.85, 132.20, 133.61, 133.72, 133.85, 134.13,95634135.67, 137.77, 151.28,

155.14, 161.71, 181.74, 183.47. HRMS (Eiz calcd [M], 392.0089
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(CongFNzOzSz +); found, 392.0087.
5.2.3. 4-(2-Chlorophenylthio)anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (4c)
The pure compound was obtained as a yellow powdeid(819). Mp: 263-264C

(EtOH).FT-IR (KBT,VmaxcmY): 1506.3 (aromatic C=C), 1542.9 (CO), 1670.2 (C=N)
H NMR (300 MHz, CDCJ): § ppm 7.47 (tdJ= 7.5 Hz,J= 1.5 Hz, 1H), 7.57 (tdJ=

7.5 Hz,J= 1.5 Hz, 1H), 7.63 (s, 1H), 7.70 (dit 8.4 Hz,J= 1.5 Hz, 1H), 7.75-7.87
(m, 3H), 8.16-8.19 (m, 1H), 8.34-8.37 (m, 1HJC NMR(75 MHz, CDCY): 5 ppm
120.24, 121.78, 127.05, 127.44, 127.76, 128.59,4531132.26, 132.41, 133.93,
134.05, 134.90, 135.67, 137.98, 140.04, 140.75,3151155.24, 181.64, 183.41.
HRMS(EI) vz calcd [MT, 407.9794 (GHoCIN,0,S,"); found, 407.9796.

5.2.4.  4-(2-Bromophenylthio)anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (4d)

The pure compound was obtained as an orange pdvidit 85%¢). Mp: 210-211°C
(EtOH). FT-IR(KBr,Vmaxcm?): 1506.3 (aromatic C=C), 1539.1 (CO), 1593.1 (CO),
1670.2 (C=N)*H NMR (300 MHz, CDCJ): & ppm 7.46-7.53 (m, 2H), 7.62 (s, 1H),
7.74-7.82 (m, 4H), 8.16 (dd= 7.5 Hz,J= 1.5 Hz, 1H), 8.33 (dd}= 7.5 Hz,J= 1.5
Hz, 1H)."*C NMR (75 MHz, CDGJ): 6 ppm 120.24, 121.74, 127.09, 127.48, 129.30,
129.88, 130.85, 132.26,132.45, 133.92, 134.11, 9634135.68, 138.00, 140.91,
151.39, 155.19, 181.74, 183.47. HRMS (EiWz caled [M], 451.9289
(C1oH9BIrN,0,S;"); found, 451.9295.

5.25.  4-(3-Fluorophenylthio)anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (4€)

The pure compound was obtained as a yellow powdeid(78%). Mp: 254-255C
(EtOH). FT-IR (KBrVmaxcmY): 1508.2 (aromatic C=C), 1575.7 (CO), 1670.2 (C=N)
'H NMR (300 MHz, CDCJ): 6 ppm 7.28-7.34 (m, 1H), 7.41-7.45 (m, 1H), 7.49-59
(m, 2H), 7.78 (s, 1H), 7.80-7.88 (m, 2H), 8.18 (dd, 7.2 Hz,J= 1.5 Hz, 1H),
8.33-8.36 (m, 1H)®*C NMR (75 MHz, CDC)): & ppm 117.83, 118.03, 119.93,

122.24, 122.46, 126.87, 127.24, 131.26, 131.297031131.79, 131.83, 133.48,
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133.96, 134.79, 135.33, 141.98, 150.90, 154.72,7161164.48, 181.45, 183.09.
HRMS (EI) m/z: calcd [M], 392.0089 (GHsFN,0,S, *); found, 392.0091.

5.2.6.  4-(3-Chlorophenylthio)anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (4f)

The pure compound was obtained as an orange pdwidit 58%). Mp: 252-253°C
(EtOH). FT-IR (KBryvmaxcm): 1500.5 (aromatic C=C), 1539.1 (CO), 1668.3 (C=N)
'H NMR (300 MHz, CDCY):  ppm 7.50-7.63 (m, 3H), 7.71 (& 1.5 Hz,1H), 7.79
(s, 1H), 7.81-7.87 (m, 2H), 8.19 (dik 7.8 Hz,J= 1.8 Hz, 1H), 8.36 (dd]= 7.5 Hz,
J= 1.8 Hz, 1H)*C NMR (75 MHz, CDC}): 5 ppm 120.61, 121.87, 127.15, 127.50,
130.43, 131.05, 131.58, 132.26, 133.78, 133.91,1834135.00, 135.33, 135.71,
136.28, 142.03, 151.31, 155.22, 181.73, 183.41. BR{&l) m/z calcd [MT,
407.9794 (GoHyCIN,0,S, ); found, 407.9794.

5.2.7.  4-(3-Bromophenylthio)anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (4Q)

The pure compound was obtained as an orange pdwidit 7495). Mp: 197-198°C
(EtOH). FT-IR (KBryvmax cm?): 1508.2 (aromatic C=C), 1558.4 (C=0), 1668.3
(C=N).'H NMR(400 MHz, CDC}):  ppm 7.40 (t)= 7.6 Hz, 1H), 7.66 (dJ= 7.6 Hz,
1H), 7.74 (dJ= 7.6 Hz, 1H), 7.78-7.81 (m, 2H), 7.83-7.87 (m, 2BI19 (d,J= 7.6
Hz, 1H), 8.36 (dJ= 7.6 Hz, 1H)!*C NMR (75 MHz, CDCJ):  ppm 120.04, 121.39,
123.87, 126.91, 127.27, 130.01, 131.65, 131.86,5033133.79, 134.01, 134.12,
134.82, 135.36, 137.95, 141.91, 150.93, 154.73,5081183.12. HRMS (El)nz
calcd [M]', 451.9289 (GHoBrN,0,S*); found, 451.9295.

5.2.8.  4-(4-Fluorophenylthio)anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (4h)

The pure compound was obtained as an orange redepdvield 79¢). Mp: 224-225
C (EtOH). FT-IR (KBrvmaxcmy): 1508.2 (aromatic C=C), 1539.1 (CO), 1519.2
(CO), 1674.1 (C=N)*H NMR (300 MHz, CDCY): 5 ppm 7.31(dJ= 8.7 Hz, 2H),
7.67 (s, 1H), 7.69-7.74 (m, 2H), 7.75-7.89 (m, 281},7 (d,J= 7.5 Hz, 1H), 8.34 (d,

J= 7.2 Hz, 1H)**C NMR (75 MHz, CDCJ): & ppm 117.90, 118.19, 119.74, 121.52,
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123.47, 127.10, 127.48, 132.28, 133.94, 134.12,9¥34135.70, 138.15, 138.26,
143.33, 151.32, 155.82, 162.95, 181.69, 183.50. BR{&l) m/z calcd [MT,
392.0089 (GoHsFN,0,S,"); found, 392.0087.

5.2.9. 4-(4-Chlorophenylthio)anthra[1,2-c][1,2,5] thiadiazole-6,11-dione (4i)

The pure compound was obtained as a brown powdgld (§3%). Mp: 260-261C
(EtOH). FT-IR (KBr,vmaxcm): 1506.3 (aromatic C=C), 1519.4 (CO), 1582.2 (CO),
1664.4 (C=N)H NMR (300 MHz, CDC}):  ppm 7.56 (d,)= 8.4 Hz, 2H), 7.65 (d,
J= 8.7 Hz, 2H), 7.76 (s, 1H), 7.78-7.85 (m, 2H),B(fld,J= 7.2 Hz,J= 1.2 Hz, 1H),
8.35 (dd,J= 7.8 Hz,J= 1.5 Hz, 1H)."*C NMR(75 MHz, CDC}): & ppm 120.20,
121.76, 126.95, 127.13, 127.50, 130.97, 132.30,9¥33134.15, 135.00, 135.73,
137.02, 137.50, 142.54, 151.35, 155.22, 181.68,4B8HRMS (El)m/z calcd [M],
407.9794 (GoHsCIN20,S,"); found, 407.9791.

5.2.10. 4-(4-Bromophenylthio)anthra[ 1,2-c][1,2,5]thiadiazole-6,11-dione (4j)

The pure compound obtained as an orange powddd (§896). Mp: 246-247°C
(EtOH). FT-IR (KBr,vmaxcml): 1506.3 (aromatic C=C), 1522.4 (CO), 1591.2 (CO),
1668.3 (C=N).*H NMR (300 MHz, CDC}): § ppm 7.13 (ddJ= 6.6 Hz,J= 1.8 Hz,
2H), 7.51 (ddJ= 6.6 Hz,J= 1.8 Hz, 2H), 7.75 (s, 1H), 7.77-7.86 (m, 2H),B(d,

J= 7.2 Hz,J= 1.2 Hz, 1H), 8.34 (dd]= 7.8 Hz,J= 1.5 Hz, 1H).**C NMR (75 MHz,
CDCl3): & ppm 120.27, 121.78, 125.64, 127.14, 127.50, 1271@7.83, 132.29,
133.95, 134.17, 135.00, 135.72, 137.16, 142.32,3B51155.22, 181.69, 183.48.
HRMS (El)mVz calcd [M]', 451.9289 (GHsBrN,0,S,"); found, 451.9296.

5.2.11. 4-(o-Toalylthio)anthra[ 1,2-c][1,2,5]thiadiazole-6,11-dione (4K)

The pure compound was obtained as a dark red pdiyddéat 78%). Mp: 251-252°C
(EtOH). FT-IR (KBrvmaxcm?): 1502.4 (aromatic C=C), 1541.0 (CO), 1593.1 (CO),
1670.2(C=N)."H NMR (300 MHz, CDCJ): § ppm 2.47 (s, 3H), 7.37-7.42 (m, 1H),

7.50 (s, 1H), 7.52-7.55 (m, 2H), 7.69 (& 7.8 Hz, 1H), 7.76 (td)= 7.2 Hz,J= 1.2
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Hz, 1H), 7,83 (tdJ)= 7.5 Hz,J= 1.5 Hz, 1H), 8.15 (dd)= 7.5 Hz,J= 1.5 Hz, 1H),
8.35 (dd,J= 7.5 Hz,J= 1.5 Hz, 1H).*C NMR (75 MHz, CDC)): 5 ppm 20.62,
119.17, 121.22, 127.03, 127.25, 127.43, 128.11,54831131.99, 132.32, 134.01,
134.48, 134.88, 135.79, 137.22, 142.92, 143.51,4B51155.29, 181.71, 183.56.
HRMS (El)m/z calcd [M]', 388.0340 (@H1.N,0,S,"); found, 388.0343.

5.2.12. 4-(m-Tolylthio)anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (4l)

The pure compound wadbtained as an orange red powder (yiel@J6Mp: 261-262
°C (EtOH). FT-IR (KBrymax cm?): 1508.2 (aromatic C=C), 1541.0 (CO), 1593.1
(CO), 1670.2 (C=N)'H NMR (300 MHz, CDCJ): 5 ppm 2.46 (s, 3H), 7.42 (= 8.4
Hz, 1H), 7.47-7.53 (m, 3H), 7.73 (&), 7.76 (td J= 7.5 Hz,J= 1.5 Hz, 1H), 7.83 (td,
J= 7.5 Hz,J= 1.5 Hz, 1H), 8.15 (dd] = 7.5 Hz,J = 1.5 Hz, 1H), 8.33 (ddl= 7.5 Hz,
J= 1.5 Hz, 1H).X*C NMR (75 MHz, CDCJ): 5 ppm 21.38, 119.93, 121.29, 127.02,
127.43, 127.90, 130.44, 131.71, 132.32, 132.88,0034134.87, 135.75, 136.32,
140.75, 143.86, 151.31, 155.18, 181.70, 183.58. BR{&l) m/z calcd [MT,
388.0340 (GH12N,0,S;"); found, 388.0344.

5.2.13. 4-(p-Tolylthio)anthra[1,2-c][1,2,5] thiadiazole-6,11-dione (4m)

The pure compound was obtained as a light orangel@o(yield 8Q¢). Mp: 294-295
°C (EtOH). FT-IR (KBrVmax cm): 1502.4 (aromatic C=C), 1591.2 (CO), 1666.4
(C=N). 'H NMR (300 MHz, CDCJ): § ppm 2.50 (s, 3H), 7.40 (d= 7.8 Hz, 2H),
7.73 (d,J= 8.1 Hz, 2H), 7.71 (sH), 7.76 (td J= 1.5 Hz,J= 7.2 Hz, 1H), 7.83 (td)=
1.5 Hz,J= 7.5 Hz, 1H), 8.16 (dd]= 7.2 Hz,J= 1.2 Hz, 1H), 8.35 (dd]= 7.2 Hz,J=
1.2 Hz, 1H).**C NMR (75 MHz, CDCJ): & ppm 21.52, 119.67, 121.26, 124.55,
127.03, 127.45, 131.50, 132.35, 134.01, 134.89,7835135.88, 141.38, 144.25,
151.35, 155.18, 181.73, 183.68. HRMS (Eiz calcd [M], 388.0340
(C21H12N20,S;"); found, 388.0341.

5.2.14. 4-(2-1 sopropylphenylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (4n)
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The pure compound was obtained as a light browrdpo\yield 68¢). Mp: 266-267
C (EtOH). FT-IR (KBrvmaxcm?): 1506.3 (aromatic C=C), 1672.2 (C=NH NMR
(300 MHz, CDC}): 6 ppm 1.23 (d,J = 6.9 Hz, 6H), 3.47-3.52 (m, 1H), 7.35-7.41 (m,
1H), 7.54 (s, 1H), 7.58-7.62 (m, 2H), 7.67 J& 7.2 Hz, 1H), 7.75 (td}= 7.5 Hz,J=
1.5 Hz, 1H), 7.82 (td)= 7.5 Hz,J= 1.2 Hz, 1H), 8.13-8.16 (m, 1H), 8.32-8.35 (m,
1H).3C NMR (75 MHz, CDCJ):  ppm 23.99, 31.48, 119.52, 121.15, 126.05, 127.02,
127.41, 127.69, 127.95, 131.98, 132.30, 133.98,8634134.87, 135.73, 137.41,
144.01, 151.36, 153.90, 155.14, 181.70, 183.53. BR{&l) m/z calcd [MT,
416.0653 (GaH16N-0,S,"); found, 416.0651.
5.2.15. 4-(4-1sopropylphenylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (40)
The pure compound was obtained as a brown powdkd (§796). Mp: 232-233°C
(EtOH). FT-IR (KBrvmaxcm®): 1508.2 (aromatic C=C), 1539.1 (CO), 1593.1 (CO),
1666.4 (C=N)H NMR(300 MHz, CDCY): § ppm 1.36 (d,J= 7.2 Hz, 6H), 3.03-3.07
(m, 1H), 7.45 (dJ= 7.8 Hz, 2H), 7.63 (dJ= 7.8 Hz, 2H), 7.74 (s, 1H), 7.77 @ 7.5
Hz, 1H), 7.81 (dJ= 7.2 Hz, 1H), 8.15 (d)= 7.5 Hz , 1H), 8.33 (dJ= 7.8 Hz, 1H).
3C NMR (75 MHz, CDCY): 5 ppm 23.86, 34.21, 119.73, 121.27, 124.84, 127.04,
127.45, 128.87, 132.37, 134.00, 134.87, 135.81,9835144.17, 151.35, 152.20,
155.21, 181.75, 183.65. HRMS (Ei¥z calcd [M], 416.0653 (GH1eN20,S;");
found, 416.0657.
5.2.16. 4-(2-Ethylphenylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (4p)
The pure compound was obtained as a brown powded (§79¢). Mp: 232-233C
(EtOH). FT-IR (KBrvmaxcm): 1508.2 (aromatic C=C), 1542.9 (CO), 1593.1 (CO),
1668.3 (C=N)*H NMR (300 MHz, CDCJ): § ppm 1.21 (tJ = 7.5 Hz, 3H), 2.84 (q,
J=12.9 Hz,J= 7.5 Hz, 2H), 7.39 (tdJ= 1.8 Hz,J= 7.4 Hz, 1H), 7.51 (s, 1H), 7.54 (d,
J= 5.1 Hz, 1H), 7.58 (td}= 7.8 Hz,J= 1.5 Hz, 1H), 7.67 (dd)= 7.8 Hz,J= 1.2 Hz,

1H), 7.75 (tdJ= 7.5 Hz,J= 1.8 Hz, 1H), 7.81 (tdJ= 7.5 Hz,J= 1.2 Hz, 1H), 8.13 (dd,
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J= 7.5 Hz,J= 1.2 Hz, 1H), 8.32 (dd]= 7.5 Hz,J= 1.2 Hz, 1H).*C NMR (75 MHz,
CDCl): 6 ppm 15.54, 27.47, 119.28, 121.07, 126.44, 1264.29,40, 128.12, 130.49,
131.78, 132.20, 133.87, 134.02, 134.89, 135.68,4837143.74, 149.35, 151.29,
155.12, 181.73, 183.55. HRMS (Ei¥z calcd [M], 402.0497 (GH1N»0,S,");
found, 402.0499.

5.2.17. 4-(4-Ethylphenylthio)anthra[1,2-c][1,2,5] thiadiazole-6,11-dione (4q)

The pure compound was obtained as an orange pdwidit 8005). Mp: 232-233°C
(EtOH). FT-IR (KBrvmaxcm?): 1502.4 (aromatic C=C), 1591.2 (CO), 1668.3 (C=N)
'H NMR (300 MHz, CDCY): & ppm 1.35 (tJ= 7.5 Hz, 3H), 2.80 (g)= 7.5 Hz, 2H),
7.42 (d,J= 8.1 Hz, 2H), 7.62 (dJ= 8.1 Hz, 2H), 7.71 (s, 1H), 7.80 §& 7.8 Hz, 1H),
7.79-7.84 (m, 1H), 8.15 (ddz= 7.5 Hz,J= 1.2 Hz, 1H), 8.33 (dJ= 7.5 Hz, 1H)*°C
NMR (75 MHz, CDC}): 15.20, 28.85, 119.56, 121.32, 124.55, 127.01].43,
130.27, 132.25, 133.91, 134.02, 134.89, 135.71,98635144.22, 147.58, 151.27,
155.07, 181.74, 183.47. HRMS (Ei¥z calcd [M], 402.0497 (GH1N»0,S,");
found, 402.0500.

5.2.18. 4-(4-Tert-butylphenylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (4r)

The pure compound was obtained as a yellow powgdeld(77%6). Mp: 298-299C
(EtOH). FT-IR (KBrvmaxcm?): 1508.2 (aromatic C=C), 1670.2 (C=NH NMR
(300 MHz, CDCY): 5 ppm 1.43 (s, 9H), 7.58-7.65 (m, 4H), 7.75 (s, ITHJ6 (td,J=
7.8 Hz,J= 1.5 Hz, 1H), 7.83 (tdJ= 7.8 Hz,J= 1.5 Hz, 1H), 8.15 (dd]= 7.5 Hz,J=
1.2 Hz, 1H), 8.32 (dd]= 7.8 Hz,J= 1.2 Hz, 1H)*C NMR (75 MHz, CDC)): § ppm
31.34, 35.13, 119.74, 121.25, 124.60, 127.01, ’2127.73, 127.74, 132.33, 133.98,
134.84, 135.59, 135.79, 144.04, 151.32, 154.52,606181.71, 183.61. HRMS (EI)
m/z calcd [M]', 430.0810 (G4H15N20,S;"); found, 430.0813.

5.2.19. 4-(2,5-Dimethylphenylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (5a)

The pure compound was obtained as a dark brown gofyteld 424). Mp: 243-244
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C (EtOH). FT-IR (KBrvmaxcml): 1500.5 (aromatic C=C), 1522.8 (CO), 1591.2
(CO), 1674.2 (C=N)H NMR (300 MHz, CDCY): § ppm 2.40 (6H, s, -C#), 7.33 (d,

J= 7.8 Hz,1H), 7.39 (dJ= 7.5 Hz, 1H), 7.51-7.53 (m, 2H), 7.76 J& 7.5 Hz, 1H),
7.83 (t,J= 7.8 Hz, 1H), 8.15 (dJ= 7.5 Hz, 1H), 8.34 (dJ= 7.5 Hz, 1H).X*C NMR
(75 MHz, CDC}): & ppm 20.08, 20.82, 119.24, 121.23, 125.36, 126129,02,
127.45, 131.79, 132.41, 134.00, 134.01, 134.87,8435137.54, 137.93, 140.25,
143.17, 151.45, 155.30, 181.74, 183.68. HRMS (ftx calcd [M], 402.0497
(C22H1aN20,S,Y); found, 402.0506.

5.2.20. 4-(2,4-Dimethylphenylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione
(5b)

The pure compound was obtained as an orange pdwidit 3%4). Mp: 250-251°C
(EtOH). FT-IR (KBr,Vmaxcm®): 1502.4 (aromatic C=C), 1522.4 (CO), 1591.2 (CO),
1668.3 (C=N)*H NMR (300 MHz, CDC)): & ppm 2.42 (s, 3H), 2.46 (s, 3H), 7.20 (d,
J= 7.8 Hz, 1H), 7.32 (s, 1H), 7.52 (s, 1H), 7.56Xd 8.1 Hz, 1H), 7.76 (td)= 7.5 Hz,
J= 1.5 Hz, 1H), 7.83 (tdJ= 7.2 Hz,J= 1.5 Hz, 1H), 8.16 (dd]= 7.8 Hz,J= 1.2 Hz,
1H), 8.35 (ddJ= 7.5 Hz,J= 1.2 Hz, 1H).X*C NMR(75 MHz, CDCJ): 5 ppm 20.51,
21.43, 119.03, 121.12, 123.55, 126.98, 127.42,9K28132.32, 132.84, 133.97,
134.87, 135.78, 137.12, 141.96, 143.26, 143.53,4851155.31, 181.75, 183.76.
HRMS (El)mVz calcd [M]', 402.0497 (&:H14N-0,S, *); found, 402.0497.

5.2.21. 4-(3,5-Dimethylphenylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (5¢)

The pure compound wasbtained as an orange red powder (yiel@gd1Mp: 283-284

°C (EtOH). FT-IR (KBrvmaxcm?): 1502.4(aromatic C=C), 1539.1(CO), 1595.0(CO),
1672.2 (C=N)H NMR (300 MHz, CDC)):  ppm 2.41 (s, 6H), 7.22 (s, 1H), 7.32 (s,
2H), 7.73 (s, 1H), 7.78 (td= 7.5 Hz,J= 1.2 Hz, 1H), 7.85 (tdJ= 7.5 Hz,J= 1.5 Hz,
1H), 8.16 (ddJ= 7.5 Hz,J= 1.5 Hz, 1H), 8.35 (dd)= 7.8 Hz,J= 1.5 Hz, 1H).**C

NMR(75 MHz, CDC}): 6 ppm 21.29, 119.87, 121.13, 127.00, 127.42, 132.29.72,
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133.35, 133.94, 134.00, 134.87, 135.75, 140.47,5B44151.27, 155.13, 181.73,
183.66. HRMS (Eljn/z calcd [M]', 402.0497 (6H14N0,S,"); found, 402.0491.
5.2.22. 4-(2,6-Dimethylphenylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (5d)

The pure compound was obtained as a dark brown g@ofyteld 394). Mp: 213-214
“C (EtOH). FT-IR(KBr,vmaxcm?): 1508.2 (aromatic C=C), 1668.3 (C=NH NMR
(300 MHz, CDC4): & ppm 2.48 (s, 6H), 7.30 (di= 7.8 Hz, 2H), 7.40 (s, 1H),
7.41-7.46 (m, 1H), 7.76 (td= 7.5 Hz,J= 1.5 Hz, 1H), 7.82 (tdJ= 7.5 Hz,J= 1.5 Hz,
1H), 8.12 (ddJ= 7.8 Hz,J= 1.5 Hz, 1H), 8.34 (dd}= 7.5 Hz,J= 1.2 Hz, 1H).C
NMR(75 MHz, CDC}): § ppm 21.54, 29.77, 118.29, 121.22, 126.65, 127.017,43,
128.30, 129.38, 129.54, 131.22, 132.35, 134.00,8835142.34, 143.75, 144.31,
151.54, 158.87, 181.73, 183.66. HRMS (EfWz calcd [M], 402.0497
(C22H1aN20,S,Y); found, 402.0496.

5.2.23. 4-(3,4-Dimethylphenylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (5€)

The pure compound was obtained as an orange pdwidit 6794). Mp: 221-222°C
(EtOH). FT-IR (KBrVmaxcm): 1506.3 (aromatic C=C), 1541.0 (CO), 1668.3 (C=N)
'H NMR(300 MHz, CDC}): 6 ppm 2.35 (s, 3H), 2.40 (s, 3H), 7.33 Jd,7.8 Hz, 1H),
7.42-7.46 (m, 2H), 7.73 (s, 1H), 7.76 (dd, 7.5 Hz,J= 1.5 Hz, 1H), 7.83 (ddl= 7.5
Hz, J= 1.5 Hz, 1H), 8.15 (dd}= 7.2 Hz,J= 1.5 Hz,1H), 8.35 (ddJ= 7.5 Hz,J= 1.5
Hz, 1H).*C NMR(75 MHz, CDC}): & ppm 19.85, 19.88, 119.22, 120.68, 123.84,
126.76, 127.21, 131.69, 131.91, 133.20, 133.56,8433134.71, 135.41, 136.54,
139.16, 139.90, 144.27, 150.93, 154.67, 181.52,418HRMS (El)m/z calcd [MT,
402.0497 (G:H14N,0,S;"); found, 402.0489.

5.2.24. 4-(2,4-Difluorophenylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (5f)

The pure compound was obtained as a brown powdsd (¥8%). Mp: 217-218°C
(EtOH). FT-IR (KBryvmaxcm): 1510.2 (aromatic C=C), 1589.2 (CO), 1666.4 (C=N)

'H NMR (400 MHz, CDCJ): & ppm 7.09-7.15 (m, 2H), 7.65 (s, 1H), 7.71-7.74 (m,
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1H), 7.75-7.79 (m, 1H), 7.81-7.85 (m, 1H), 8.16 Jd,7.6 Hz, 1H), 8.33 (d)= 7.6
Hz, 1H).°*C NMR (75 MHz, CDC)): 5 ppm 105.63, 105.89, 106.15, 110.39, 110.43,
110.58 113.40, 113.44, 113.62, 113.66, 119.20,2619.121.38, 126.82, 127.22,
127.29, 131.77, 133.42, 133.95, 134.79, 134.83,25635138.69, 138.79, 140.42,
150.89, 154.62, 162.23, 163.81, 163.92, 164.75,8864166.35, 166.47, 181.36,
183.40. HRMS (Eljv/z calcd [M], 409.9995 (GHsF2N20,S,"); found, 409.9992.
5.2.25. 4-(2,5-Dichlorophenylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (59)

The pure compoundas obtained as a yellow powder (yield®g)¥ M.p: 248-249°C
(EtOH). FT-IR (KBrVmaxcml): 1508.2 (aromatic C=C), 1539.1 (CO), 1670.2 (C=N)
IH NMR (300 MHz, CDCY): § ppm 7.52 (ddJ= 8.4 Hz,J= 2.7 Hz, 1H), 7.62 (dJ=

7.2 Hz, 1H), 7.72 (s, 1H), 7.77 (@ 2.7 Hz, 1H), 7.81 (td}= 7.5 Hz,J=1.5 Hz, 1H),
7.85 (td,J= 7.5 Hz,J= 1.8 Hz, 1H), 8.20 (ddl= 7.2 Hz,J= 1.8 Hz, 1H), 8.36 (ddl=

7.5 Hz,J= 1.5 Hz, 1H).2*C NMR (75 MHz, CDC}): § ppm 121.16, 122.33, 127.16,
127.52, 129.91, 132.18, 132.27, 133.92, 134.10,1834135.02, 135.66, 136.94,
138.02, 139.12, 151.40, 155.35, 181.66, 183.31. BR{&I) m/z calcd [MT,
441.9404 (GoHgCl2N20,S;"); found, 441.9399.

5.2.26. 4-(2,4,5-Trichlorophenyithio) anthra[l,2-c][1,2,5]thiadiazole-6,11-dione
(5h)

The pure compoundias obtained as a yellow powder (yield®g@p Mp: 261-262°C
(EtOH). FT-IR (KBrvmaxcm?): 1506.3 (aromatic C=C), 1542.9 (CO), 1593.1 (CO),
1670.2 (C=N)*H NMR (300 MHz, CDCJ):  ppm 7.76 (s, 1H), 7.79 (s, 1H), 7.81 (d,
J= 7.5 Hz, 1H), 7.83 ()= 1.5 Hz, 1H), 7.86 (s, 1H), 8.20-8.23 (m, 1H),B&38 (m,
1H). **C NMR (75 MHz, CDGCJ): & ppm 120.61, 122.02, 126.95, 127.31, 127.44,
131.81, 132.20, 132.48, 133.46, 134.10, 134.91,2¥35136.20, 137.87, 138.18,
138.35, 151.00, 154.81, 181.43, 183.02. HRMS (k) calcd [M], 475.9015

(C20H7C|3N20282+); found, 475.9013.
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5.2.27. 4-(2-Methoxyphenylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (6a)

The pure compound was obtained as a yellow powdeid(83%). Mp: 227-228°C
(EtOH). FT-IR(KBr,Vmaxcmy): 1506.3 (aromatic C=C), 1670.2 (C=Nijt NMR (300
MHz, CDCL): & ppm 3.85 (s, 3H), 7.15-4.17 (m, 2H), 7.60-7.63 2id), 7.62 (s, 1H),
7.76 (td,J= 7.5 Hz,J= 1.5 Hz, 1H), 7.80 (td)= 7.5 Hz,J= 1.5 Hz, 1H), 8.14 (dd]=
7.2 Hz,J= 1.2 Hz 1H), 8.32 (dJ= 7.2 Hz, 1H)*C NMR (75 MHz, CDC}): § ppm
56.25, 112.61, 115.84, 119.61, 121.15, 122.30, 91726127.42, 132.38, 133.14,
133.91, 134.06, 134.82, 135.72, 137.69, 142.52,3851155.35, 160.68, 181.71,
183.76. HRMS (Elyn/z calcd [M]', 404.0289 (GH1:N,0:S,"); found, 404.0295.
5.2.28. 4-(3-Methoxyphenylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (6b)

The pure compound was obtained as a yellowish powaeld 81%). Mp: 237-238
C (EtOH). FT-IR(KBr,Vmax cm): 1506.3 (aromatic C=C), 1544.9 (CO), 1589.2
(CO), 1668.3 (C=N)*H NMR (300 MHz, CDCJ): & ppm 3.87 (s, 3H), 7.14 (dd=
8.4 Hz,J= 2.7 Hz, 1H), 7.25 (dj= 7.8 Hz, 1H), 7.30 (dJ= 7.8 Hz, 1H), 7.51 ()=
7.8 Hz, 1H), 7.74-7.86 (m, 3H), 8.15 (d& 7.5 Hz,J= 1.5 Hz, 1H), 8.35 (ddl= 7.5
Hz, J= 1.5 Hz, 1H).**C NMR (75 MHz, CDCJ): & ppm 55.71, 116.94, 120.14,
120.90, 121.47, 127.08, 127.47, 127.91, 129.25,48B31132.37, 134.04, 134.91,
135.81, 143.40, 151.35, 155.22, 161.31, 181.72,5688HRMS (El)m/z calcd [MT,
404.0289 (GH12N,03S,"); found, 404.0281.

5.2.29. 4-(4-Methoxyphenylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (6c)

The pure compound was obtained as an orange pdwidit 8504). Mp: 293-294°C
(EtOH). FT-IR(KBr,Vmaxcm™): 1506.3 (aromatic C=C), 1593.1 (CO), 1664.5 (C=N)
'H NMR (300 MHz, CDCY):  ppm 3.94 (s, 3H), 7.11 (d= 8.4 Hz, 2H), 7.63 (dJ=
8.7 Hz, 2H), 7.69 (s, 1H), 7.77-7.83 (m, 2H), 8(ll7J= 7.2 Hz, 1H), 8.35 (d}= 7.5
Hz, 1H).**C NMR (75 MHz, CDCJ): § ppm 55.50, 116.07, 117.66, 119.30, 126.80,

127.21, 129.35, 131.94, 133.59, 133.84, 134.71,4135137.47, 144.60, 150.98,
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154.62, 161.65, 181.53, 183.41. HRMS (EiWz calcd [M], 404.0289
(C21H12N203S,Y); found, 404.0283.

5.2.30. 4-(3-Ethoxyphenylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (6d)

The pure compound was obtained as an orange pdwidit 849). Mp: 249-250°C
(EtOH). FT-IR(KBr,vmaxcm3): 1506.3 (aromatic C=C), 1589.2 (CO), 1670.2 (C=N)
'H NMR (300 MHz, CDCJ): § ppm 1.44 (tJ)= 6.9 Hz, 3H), 4.09 (g)= 6.9 Hz, 2H),
7.10-7.14 (m1H), 7.23 (tJ= 2.4 Hz, 1H), 7.27-7.30 (m, 1H), 7.49% 8.0 Hz, 1H),
7.77 (ddJ= 7.5 Hz,J= 1.5 Hz, 1H), 7.79 (s, 1H), 7.83 (dit 7.5 Hz,J= 1.5 Hz, 1H),
8.17 (dd,J= 7.5 Hz,J= 1.5 Hz, 1H), 8.35 (dd}= 7.8 Hz,J= 1.2 Hz, 1H).*C NMR
(75 MHz, CDC§): & ppm 14.75, 64.11, 117.54, 120.12, 121.47, 127129,.65,
127.75, 129.12, 131.40, 132.37, 134.04, 134.90,8B35136.80, 143.53, 151.35,
155.22, 160.66, 181.74, 183.58. HRMS (Eiz calcd [M], 418.0446
(Co2H14N203S,"); found, 418.0445.

5.2.31. 4-(4-(Methylthio)phenylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (6€)
The pure compound was obtained as a dark brown gofyceld 705). Mp: 214-215
°C (EtOH). FT-IR (KBrymaxcm?): 1508.2 (aromatic C=C), 1558.4 (CO), 1668.3
(C=N). 'H NMR (300 MHz, CDCJ): § ppm 2.58 (s, 3H), 7.41 (d= 8.4 Hz, 2H),
7.60 (d,J= 8.4 Hz, 2H), 7.76 (s, 1H), 7.80 (t#k 7.5 Hz,J= 1.5 Hz, 1H), 7.83 (td)=
7.5 Hz,J= 1.5 Hz, 1H), 8.17 (ddJ= 7.5 Hz,J= 1.5 Hz, 1H), 8.35 (dd}= 7.5 Hz,J=
1.5 Hz, 1H).13C NMR(75 MHz, CDCJ): 15.27, 119.69, 123.43, 127.07, 127.47,
127.75, 132.27, 133.92, 134.10, 134.95, 135.72,1B36143.21, 143.77, 151.31,
153.79, 181.76, 183.63. HRMS (Ei¥z calcd [M], 420.0061 (GH1:N»0,S5%);
found, 420.0069.

5.2.32. 4-(Propylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (6f)

The pure compound was obtained as a dark brown gofydeld 8%5). Mp: 194-195

C (EtOH). FT-IR (KBrymaxcm?): 1508.2 (aromatic C=C), 1591.2 (CO), 1668.3
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(C=N).*H NMR (300 MHz, CDGJ): § ppm 1.20 (tJ= 7.2 Hz, 3H), 1.94 (sl= 7.2 Hz,
2H), 3.30 (t,J= 7.2 Hz, 2H), 7.80-7.88 (m, 2H), 8.14 (s, 1H),8(@d,J= 7.2 Hz,J
=1.2 Hz, 1H), 8.36 (dd]= 7.2 Hz,J= 1.2 Hz, 1H)**C NMR(75 MHz, CDC}): § ppm
13.63, 21.78, 33.56, 118.47, 121.02, 127.16, 1271.29.60, 132.37, 134.01, 134.98,
135.64, 143.04, 151.22, 155.94, 181.73, 183.96. BR{&I) m/z calcd [MT,
340.0340 (G/H12N,0,S;"); found, 340.0338.

5.2.33. 4-(I sopropylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (6g)

The pure compound was obtained as a yellow powdeid(88%). Mp: 193-194°C
(EtOH). FT-IR(KBrVmaxcm?): 1502.4 (aromatic C=C), 1539.1 (CO), 1591.2 (CO),
1668.3 (C=N)H NMR (300 MHz, CDCY}): 5 ppm 1.58 (d,J= 6.6 Hz, 6H), 4.05 (m,
1H), 7.81-7.89 (m, 2H), 8.23 (s, 1H), 8.27-8.30 {H), 8.36-8.39 (m, 1H)*C NMR
(75 MHz, CDC}): 6 ppm 22.81, 36.08, 119.67, 121.17, 127.17, 12712782,
132.40, 134.03, 134.98, 135.64, 142.33, 151.36,2454.81.77, 183.95. HRMS (EI)
m/z: calcd [MT’, 340.0340 (GH1.N20,S;"); found, 340.0345.

5.2.34. 4-(Benzylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (7a)

The pure compound was obtained as a pale brown grofyetld 88¢). Mp: 243-244

°C (EtOH). FT-IR (KBr,Vmaxcm?): 1498.6 (aromatic C=C), 1585.4 (C=0), 1666.4
(C=N).*H NMR (400 MHz, CDCJ):  ppm 4.56 (s, 2H), 7.31 @z 7.2 Hz, 1H), 7.38
(t, J= 7.2 Hz, 2H), 7.55 (d}= 7.2 Hz, 2H), 7.81 (td)= 7.2 Hz,J= 1.6 Hz, 1H), 7.86
(dd, J= 7.2 Hz,J= 1.6 Hz, 1H), 8.26-8.28 (m, 2H), 8.36 (di; 7.2 Hz,J= 1.6 Hz,
1H). *C NMR (100 MHz, CDG)): 6 ppm 36.24, 118.76, 120.01, 120.90, 126.94,
127.25, 128.02, 128.93, 129.07, 131.90, 133.57,8B33134.67, 134.81, 135.24,
141.72, 150.79, 181.53, 183.48. HRMS (El) m/zalcd [M]+, 388.0340
(C21H1:N,0,S,Y); found, 388.0340.

5.2.35. 4-(2-Chlorobenzylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (7b)

The pure compound was obtained as a dark yelloaiigahge powder (yield 8%).
26



Mp: 254-255°C (EtOH). FT-IR (KBryvmaxcmy): 1508.2 (aromatic C=C), 1542.9
(CO), 1674.1 (C=N)*H NMR (300 MHz, CDCJ): § ppm 4.67 (s, 2H), 7.25-7.28 (m,
2H), 7.44-7.47 (m, 1H), 7.56-7.59 (m, 1H), 7.8067(&, 2H), 8.26 (ddJ= 7.35 Hz,
J= 1.5 Hz, 1H), 8.27 (s, 1H), 8.35 (dd 7.35 Hz,J= 1.5 Hz, 1H).2*C NMR (75
MHz, CDCk): 33.92, 118.59, 121.00, 126.92, 127.21, 127.28,32, 130.05, 130.90,
131.85, 132.49, 133.52, 133.86, 134.55, 134.77,2B35141.42, 150.75, 155.28,
181.741, 183.34. HRMS (Ehvz calcd [M], 421.9950 (GH1:CIN,0,S,"); found,
421.9954.

5.2.36. 4-(4-Chlorobenzylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dion (7¢)

The pure compound was obtained as a light yellowdao (yield 82¢). Mp: 261-262
“C (EtOH). FT-IR (KBryvmaxcm™): 1510.2 (aromatic C=C), 1670.2 (C=NH NMR
(400 MHz, CDC¥): & ppm 4.52 (s, 2H), 7.34 (d= 8.0 Hz , 2H), 7.48 (dJ= 7.6 Hz,
2H), 7.80-7.88 (m, 2H), 8.24 (s, 1H), 8.27 §d,7.6 Hz, 1H), 8.36 (dJ= 7.2 Hz, 1H).
¥c NMR (100 MHz, CDG): 6 ppm 35.53, 119.00, 126.97, 127.28, 129.12, 130.36,
131.88, 133.35, 133.58, 133.93, 134.85, 135.19,98940150.82, 155.33, 181.48,
183.40. HRMS (Eljn'z caled [M], 421.9950 (6:H1:CIN.O0,S,"); found, 421.9942.
5.2.37. 4-(4-Tert-butylbenzylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dion (7d)

The pure compound was obtained as an orange yglmwmder (yield 62¢). Mp:
256-257 °C (EtOH). FT-IR(KBrVmaxcm?): 1506.3 (aromatic C=C), 1544.9 (CO),
1670.2 (C=N)H NMR (300 MHz, CDC}): § ppm 1.31 (s, 9H), 4.53 (s, 2H), 7.39 (d,
J= 8.4 Hz, 2H), 7.35 (dJ= 8.4 Hz, 2H), 7.83 (td)= 1.8 Hz,J= 7.5 Hz, 2H),
8.27-8.30 (m, 2H), 8.36 (d= 7.2 Hz, 1H)**C NMR(75 MHz, CDC}):  ppm 31.29,
34.60, 35.89, 35.89, 118.61, 120.84, 125.89, 124.9%.27, 128.83, 131.52, 131.94,
133.62, 133.88, 134.81, 135.28, 142.09, 151.09,5831183.55. HRMS (Eljwz
calcd [M]', 444.0966 (GsH20N20,S,"); found, 444.0970.

5.2.38. 4-(Phenethylthio) anthra[1,2-c][1,2,5]thiadiazole-6,11-dione (7€)
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The pure compound was obtained as a yellow powdeld(629¢). Mp: 119-120°C
(EtOH). FT-IR (KBryvmax cm?): 1506.3 (aromatic C=C), 1542.9 (C=0), 1668.3
(C=N).'H NMR (300 MHz, CDC}J): 8 ppm 3.19 (tJ= 7.5 Hz, 2H), 3.58 (t}= 7.5 Hz,
2H), 7.23-7.30 (m, 1H), 7.33-7.37 (m, 4H), 7.7987(fn, 2H), 8.22 (s, 1H), 8.29 (dd,
J= 7.8 Hz,J= 1.5 Hz, 1H), 8.37 (dd]= 7.8 Hz,J= 1.5 Hz, 1H).*C NMR (75 MHz,
CDCl): 6 ppm 33.07, 34.85, 118.73, 121.16, 125.79, 1271.27,20, 127.41, 127.49,
127.68, 128.88, 129.07, 132.32, 134.03, 134.48,9834135.19, 135.58, 139.43,
142.28, 151.21, 155.92, 181.67, 183.80. HRMS (B calcd [M], 402.0497
(CooH14N205S,"); found, 402.0491.

5.3. Cédll Cultures and Sulforhodamine B (SRB) assay

Human hormone-refractory prostate cancer cell li(fegS-3) were from American
Type Culture Collection (Rockville, MD). The celigere cultured in RPMI1640
medium with 10% FBS (v/v) and penicillin (100 unmd)/streptomycin (10Qug/ml).
Cultures were maintained in a humidified incubabB87°C in 5% CQ. Cells were
seeded in 96-well plates in medium with 5% FBSeAR4 h, cells were fixed with
10% trichloroacetic acid (TCA) to represent celpplation at the time of compound
addition (To). After additional incubation of vehicle (0.1% DI@$ or the indicated
compound for 48 h, cells were fixed with 10% TCAIa&®RB at 0.4% (w/v) in 1%
acetic acid was added to stain cells. Unbound SB8washed out by 1% acetic acid
and SRB bound cells were solubilized with 10 mMziiva base. The absorbance was
read at a wavelength of 515 nm. Using the follonahgorbance measurements, such
as time zero (J), control growth (C), and cell growth in the pnese of compound
(Tx), the percentage growth was calculated at eacheotompound concentrations
levels. Percentage growth inhibition was calculaaed 100 [(Tx-To)/(C-To)] x 100
for concentrations for whichx®> To. Growth inhibition of 50% (I6) was determined

at the drug concentration which resulted in 50%ucéidn of total protein increased in
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control cells during the compound incubation.

5.4. Cell Culturesand MTT assay for cell viability

The Prostate cancer cell line (DU-145 cells) andnd&w urothelial cell line
(SV-HUC-1) were used in this study. DU-145 was rtaimed in RPMI-1640 culture
medium and SV-HUC-1 was maintained in Ham's F-12kuce medium containing
5% heat inactivated fetal calf serum in an atmosplod 5% CQ in a humidified
incubator at 37C .The tetrazolium reagent (MTT; 3-(4,5-di-methylttud)-2,5-
diphenyltetrazolium bromide, USB) was designed ieddya colored formazan upon
metabolic reduction by viable cells. Approximat@k10’ cells were plated onto each
well of a 96-well plate and incubated in 5% £& 37C for 24 h. To assess tle
vitro cytotoxicity, each compound was dissolved in DM&W@ prepared immediately
before the experiments and was diluted into theptete medium before addition to
cell cultures. Test compounds or vehicle (0.1% DNI®@re then added to the culture
medium for designated various concentrations. Af2rh, an amount of 100L of
MTT solution was added to each well, and the sasplere incubated at 37 for 4

h. A 100 uL solution of DMSO was added to each well and irated at 37T for
another 3 h. The absorbency at 570 nm was meassnegl an ELISA reader.

5.5. Cell morphology

The DU-145 cells were plated at density 5%aélls per well in a 10 cm dish and then
with various concentration obg for 24 hour. Cells were directly examined and

photographed under a phase contrast microscope.
5.6. Western blot assay

Treated cells were collected and washed with PB&erAentrifugation, cell were

lysed in a lysis buffer. The lysates were incubatedce for 30 min and centrifuged at
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120000g for 15 min. Supernatants were collected, @otein concentrations were
then determined using Bradford assay. The prot@mptes were electrophoresed on
12% SDS-polyacrylamide gels and transferred to a DIPV membrane.
Immuno-reactivity was detected using western b@ngiluminescence regent system.

[B-actin was used as a loading control.
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Table 1.

No. SRB assay MTT assay No. SRB assay MTT assay
PC-3 (iM) DU-145 M) PC-3 uM) DU-145 M)

2 25 7.41 5a 7.44 11.97
3 13.5 6.68 5b >15 15.89
4a >15 >15 5¢c >15 >15
4b >15 7.64 5d 6.74 7.88
4c >15 >15 5e >15 14.09
4d 5.76 9.58 5f 14.8 9.12
de 8.82 12.68 59 >15 >15
4f 5.64 1.75 5h >15 >15
4g 12.4 10.68 6a >15 12.91
4h 6.7 11.12 6b >15 >15
4i >15 >15 6c >15 8.26
4 >15 13.28 6d >15 >15
4k >15 >15 6e >15 >15
4 >15 >15 6f 5.39 2.55
4m >15 >15 69 3.69 4.53
4n >15 14.60 7a >15 6.35
4o >15 13.85 7b 5.48 6.38
4p >15 >15 7c >15 7.51
4q 7.5 2.52 7d 9.5 3.66
4r >15 8.38 Te >15 9.65

& ICxo is the concentration of drugl) required to inhibit cell growth by 50% of the

mean (n = 3).
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Table 2.

Panel/Cell Line NSC7458825 NSC75795§ N$75$9a5 NSC751§SZ NSC76].BA;£ NSC7579§<I5 NSC751§9kO NSC751§82 NSC7613592 NSC753§5dS
Leukemia

CCRF-CEM -30.81 -41.78 15.74 N.T. N.T. 79.34 N.T. TN N.T. 34.84
HL-60(TB) -21.77 1.87 83.94 -43.96 N.T. 87.34 79.53  99.93 73.66 47.83
K562 49.61 2.44 52.03 29.66 N.T. 94.91 32.30 67.97 7557 43.14
MOLT-4 -40.09 -34.12 31.08 29.67 N.T. 59.21 67.31 1.09 71.40 32.64
RPMI-8226 -27.97 27.81 78.21 9.40 N.T. 90.15 48.56 85.14 89.13 55.63
SR 4.96 -23.86 86.41 2.94 N.T. 110.89 23.00 70.26 8.447 35.52
Non-small cell lung cancer

A549/ATCC 104.18 103.21 105.68 95.37 107.48 103.88 104.68 109.80 107.23 90.16
EKVX 103.18 82.19 97.77 77.74 43.65 94.80 104.56 8.19 100.45 82.44
HOP-62 -100.00 75.8 110.22 4.88 42.12 101.98 59.51 79.34 90.96 90.01
HOP-92 N.T. -52.25 117.67 37.57 N.T. 94.77 89.91 97.83 593. N.T.
NCI-H226 97.80 100.39 101.59 92.07 78.07 104.26 7B5. 01.50 87.97 78.31
NCI-H23 16.07 75.02 79.21 18.02 -26.91 100.11 53.21 89.40 90.39 67.37
NCI-H322M 125.82 108.2 100.74 N.T. N.T. 99.52 N.T. N.T. N.T. 83.83
NCI-H460 77.41 100.18 100.56 58.24 N.T. 102.62 68.8  102.01 104.64 87.37
NCI-H552 N.T. 89.53 94.91 30.77 7.18 93.41 74.81 ,896 105.78 61.39
Colon cancer

COLO 205 111.54 99.08 117.53 97.36 105.98 12141 9.2® 106.63 106.04 98.76
HCC-2998 -0.74 105.67 110.88 78.44 101.66 106.82 4.0 121.23 108.80 100.96
HCT-116 -50.00 48.15 90.08 16.62 -67.84 98.25 D21 94.55 92.29 64.99
HCT-15 1.48 96.8 93.89 39.74 17.97 98.10 38.57 83.0 90.91 47.54
HT29 116.95 N.T. N.T. 96.46 102.17 N.T. 104.31 01, 104.91 97.73
KM12 98.60 95.88 99.5 57.85 N.T. 101.50 103.11 96.4 105.36 95.96
CNS cancer

SF-268 16.29 37.03 102.24 -5.11 N.T. 104.55 74.73 90.61 8.19 79.48
SF-295 126.17 109.08 106.36 100.07 N.T. 97.26 4.9 N.T. 91.11 91.11
SF-539 -47.11 108.52 106.54 -5.66 -52.72 107.00 0478. 100.22 94.94 84.51
SNB-19 78.98 105.75 108.79 71.38 56.88 105.18 2035 102.33 106.60 94.75
SNB-75 79.03 85.25 96.12 47.20 26.08 91.73 76.30 .0576 80.61 69.38
U251 -89.26 29.19 88.75 11.49 -69.50 103.69 62.36 04.99 107.58 53.94
Melanoma

LOX IMVI -50.63 10.23 42 -15.34 -59.25 83.24 30.01 90.38 90.18 44.61
MALME-3M -71,64 97.09 106.43 35.27 -86.56 105.10 .96 108.23 101.93 73.72
M14 74.54 102.73 106.41 59.45 -76.44 105.44 94.25 00.77 100.28 121.55
MDA-MB-435 -87.88 N.T. N.T. -72.95 -82.33 106.67 80.61 105.58 104.60 96.77
SK-MEL-2 -73.16 0.21 112.49 35.02 -53.17 109.49 293. 98.52 107.90 67.54
SK-MEL-28 15.47 131.75 127.12 64.65 24.96 130.48 5.1® 118.64 111.81 89.33
SK-MEL-5 8.52 72.45 85.68 46,26 19.02 N.T. 87.54 09.99 107.45 70.23
UACC-257 -83.07 76.09 92.75 4.75 -84.59 95.45 87.32 121.93 115.60 86.57
UACC-62 -82.32 72.91 86.28 39.58 -64.98 90.65 90.69 94.50 102.82 91.72
Ovarian cancer

IGROV1 -88.34 52.47 84.4 27.94 -13.50 84.93 80.06 5.00 96.70 66.38
OVCAR-3 -15.47 49.88 96.67 -65,85 N.T. 118.64 5.30 105.38 118.49 1.00
OVCAR-4 -94.43 -75.03 57.83 N.T. N.T. 76.82 N.T. TN N.T 4.00
OVCAR-5 -20.07 N.T. N.T. 120.52 108.55 N.T. 126.28 106.46. 107.20 113.96
OVCAR-8 -10.07 -4.57 82.3 2.47 -22.92 88.60 76.29 104,59 92.19 58.98
NCI/ADR-RES -2.53 N.T. N.T. -29,94 -15.13 102.42 59.53 97.75 7.58 59.68
SK-OV-3 100.70 109.05 105.6 66.68 95.44 108.96 ®3.7 110.36 97.49 N.T.
Renal cancer

786-0 -25.98 102.14 110.04 -6.19 -2.06 108.70 ¥0.3 105.11 98.25 115.19
A498 130.09 93.79 95.01 24.25 N.T. 93.03 85.54 ‘B4.3 93.56 N.T.
ACHN -94.31 N.T. N.T. 25.50 -92.53 N.T. 89.76 94.24 98.02 83.18
CAKI-1 1.97 96.51 89.04 29.67 -3.69 86.97 81.47 N.T 91.05 61.03
RXF 393 20.11 71.92 114.31 -8.53 -27.84 117.52 ®58 105.93 112.19 76.16
SN12C -73.27 71.92 96.58 22.56 -66.17 86.95 85.97 8.68 104.90 67.67
TK-10 96.99 134.06 143.47 76.52 53.81 139.80 122.97 127.11 131.58 119.41
UO-31 -79.30 80.15 80.12 56.15 -74.79 79.46 62.14 578 69.14 66.73
Prostate cancer

PC-3 N.T. 23.54 87.32 4.23 N.T. 86.94 73.26 76.11 1.3 59.94
DU145 40.76 96.95 102.73 50.57 N.T. 117.15 101.53 09.649 122.43 106.29
Breast cancerc

MCF7 -50.74 65.36 94.88 -6.39 -69.36 86.11 66.12 779 75.84 68.59
MDA-MB-231/ATCC -17.33 -23.35 66.67 16.85 -29.08 89.05 60.72 92.27 99.22 30.57
HS 578T 7.40 72.54 95.89 54.25 N.T. 103.37 83.69 .0®9 104.51 82.43
BT-549 N.T. 101.5 104.68 52.19 36.21 98.88 95.35 594 95.06 105.06
T-47D -45.52 -54.59 93.21 -33.05 -42.26 85.04 51.89 75.36 81.07 66.81
MDA-MB-468 -73.17 -88.31 87.29 -79.88 -79.19 46.13 53.68 100.45 116.25 45.85
Mean 2.68 54.91 93.48 29.61 -5.75 98.08 80.61 97.26 98.32 73.30
Delta 102.68 143.22 77.74 109.49 86.78 51.95 75.31 31.54 29.18 72.30
Range 230.09 222.37 123.73 200.40 201.08 93.67 120.98 61.39 62.44 120.55
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Table 2 (continued)

Panel/Cell Line NSC7613582 NSC76135893 NSC751S8':€J) NSC751868(é NSC761§€?2 NSC76].BGS$ NSC753% NSC7579762 NSC7639752
Leukemia

CCRF-CEM N.T. N.T. N.T. N.T. N.T. N.T. -45.05 0.65 N.T.
HL-60(TB) -37.71 72.72 84.53 102.73 N.T. 105.25 241 70.32 57.42
K562 -21.06 47.80 38.52 91.98 N.T. 67.50 -26.17 510. 67.53
MOLT-4 -41.57 1.27 35.83 82.89 N.T. 59.93 -54.56 0.97 22.72
RPMI-8226 6.29 77.16 52.03 101.16 N.T. 88.58 -38.03  43.23 86.78
SR 0.20 41.15 36.14 101.71 N.T. 96.31 -47.97 1.25 3.7%
Non-small cell lung cancer

A549/ATCC 111.54 102.75 109.52 103.32 111.48 104.69 -8.14 101.64 100.62
EKVX 98.12 109.03 104.94 148.76 102.26 113.82 -6,58 94.98 N.T.
HOP-62 58.46 63.18 61.81 95.20 91.94 102.09 13.18  3.6%8 89.15
HOP-92 -18.39 65.12 100.52 91.38 N.T. 04.31 N.T. -14.36 T.N.
NCI-H226 88.85 112.00 95.26 79.51 90.47 79.69 10.21 101.09 82.14
NCI-H23 9.53 74.59 76.42 89.13 94.07 81.49 -42.19 5.36 82.13
NCI-H322M N.T. N.T. N.T. N.T. N.T. N.T. -0.80 98.44 94.10
NCI-H460 83.60 100.98 100.27 107.16 N.T. 106.20 24.9 92.01 104.55
NCI-H552 61.06 91.29 82.41 95.69 98.19 95.39 -59.54  78.90 82.61
Colon cancer

COLO 205 104.04 109.65 109.57 112.25 106.49 117.30 102.47 102.93 99.94
HCC-2998 107.02 109.37 104.94 106.85 105.49 111.01 21.00 115.02 102.54
HCT-116 -63.06 81.94 85.66 94.64 100.93 101.97 74B6. 53.06 114.73
HCT-15 45.84 92.85 71.89 109.35 103.08 111.56 15.31 54.72 97.91
HT29 102.45 106.27 105.25 101.30 106.40 102.26 8.0 N.T. 96.41
KM12 51.79 101.18 97.06 101.28 N.T. 100.42 19.33 3.09 105.46
CNS cancer

SF-268 8.47 82.95 89.75 94.81 N.T. 89.67 7.06 56.01 107.19
SF-295 68.77 78.93 N.T. N.T. N.T. 98.897 -16.57 581. N.T.
SF-539 58.79 88.74 107.05 93.53 93.72 96.48 -47,01 68.26 97.95
SNB-19 87.35 84.39 105.92 113.97 103.22 101.61 1.8 94.26 104.30
SNB-75 42.86 47.00 81.80 79.05 77.25 75.08 9.12 589. 63.35
U251 34.47 63.57 100.67 102.73 109.69 103.89 -23.10 30.51 94.44
Melanoma

LOX IMVI -42.03 73.05 70.96 90.24 84,11 68.98 -Aa.5 7.49 86.69
MALME-3M 39.46 94.30 113.06 89.52 108.70 104.58 .686 80.81 86.38
M14 53.77 98.95 94.23 92.89 103.80 107.55 -31.54 .586 126.40
MDA-MB-435 -85.27 105.64 72.50 118.61 106.07 118.40 -79.28 2918 N.T.
SK-MEL-2 51.79 101.38 82.62 99.24 102.98 89.27 685. -3.95 109.63
SK-MEL-28 79.45 122.69 101.77 115.63 112.20 119.66 -8.32 95.00 95.35
SK-MEL-5 48.53 108.82 100.11 106.14 106.82 101.45  99.20 22.53 89.57
UACC-257 43.93 119.38 104/27 118.11 126.28 109.51 91.69 58.86 78.70
UACC-62 53.27 94.09 87.72 108.99 108.85 110.99 057. 43.08 101.52
Ovarian cancer

IGROV1 975 78.13 99.91 103.17 94.67 95.67 -32.91 .8813 84.25
OVCAR-3 -52.32 99.41 85,83 109.57 N.T. 102.89 -60.32 25.27 113.46
OVCAR-4 N.T. N.T. N.T. N.T. N.T. N.T. -100.00 -6&1 84.19
OVCAR-5 110.21 108.82 122.58 103.00 116.60 108.31 27.85 N.T. 104.48
OVCAR-8 0.32 85.13 97.32 99.50 112.41 97.37 -22.64 6.01 94.19
NCI/ADR-RES -26.24 83.13 92.67 97.60 101.92 91.79 -24.93 62.34 9573
SK-OV-3 92.58 84.09 110.30 106.18 99.36 102.46 N.T. 80.29 N.T.
Renal cancer

786-0 3.74 67.49 102.97 94.93 100.25 109.83 12.37  2.609 117.98
A498 50.80 87.70 83.74 84.77 N.T. 56.04 N.T. 88.61 N.T.
ACHN 34.93 88.50 98.70 102.26 103.33 103.64 0.80 T.N. 94.35
CAKI-1 24.02 108.19 N.T. 108.29 84.23 99.44 -5.68 3.77 N.T.
RXF 393 36,69 91.47 124.15 109.28 118.35 106.98 6413. 68.12 104.79
SN12C 9.12 96.65 95.93 106.54 104.76 98.04 -28.62 6.116 93.61
TK-10 111.93 111.76 130.80 135.79 125.26 128.10 330. 129.90 121.91
UO-31 70.30 91.54 75.49 68.31 76.69 67.56 -28.43 7573 68.47
Prostate cancer

PC-3 -9.72 80.59 75.99 82.81 N.T. 78.37 -13.43 88.4 82.91
DU145 41.32 102.44 98.87 112.48 N.T. 101.05 6.66 282 115.38
Breast cancerc

MCF7 6.58 85.16 72.77 93.78 78.81 82.87 -68.82 %£6.4 8297
MDA-MB-231/ATCC -9.73 82.44 87.08 87.58 100.81 78.80 -35.94 -13.36  95.23
HS 578T 50.08 72.51 93.84 96.71 N.T. 96.47 -9.16 969 88.59
BT-549 66.40- 79.66 94.91 92.92 103.88 107.82 10.84 96.19 115.07
T-47D -28.61 63.44 69.09 89.66 86.51 86.56 -24.37  46.11 83.77
MDA-MB-468 -86.96 90.73 93.53 112.95 108.00 82.25 78.76 -85.29 83.39
Mean 32.54 87.13 91.30 100.77 101.69 96.80 -21.64 51.63 92.68
Delta 119.50 85.86 55.47 32.46 25.00 40.76 78.36 136.92 69.96
Range 198.89 121.42 94.97 80.45 49.59 72.06 202.47 215.19 103.68

2 Data obtained from NCin vitro 60-cell drug screen program at “lGnolar
concentration.

®N.T. = No test.
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Table 3.

Panel/Cell Line 4d (NSC761882) 4f (NSC761884) 5f (NSC761885) 69 (NSC763968) 7a (NSC757965)
(™) Glsc TGl LCso Glsc TGl LCs¢ Glsc TGl LCso Glsc TGl LCso Glsc TGl LCs¢
Leukemia
CCRF-CEM 4.88 >50 >50 0.56 6.26 >100 0.70 6.35 57.8 0.21 0.58 >100 1.30 5.06 >50.0
HL-60(TB) 17.8 >50 >50 251 6.71 >100 2.68 7.70 ¢10 0.23 0.617 40.8 1.63 >50 >50.0
K-562 18.5 >50 >50 241 7.27 >100 3.32 11.8 68.4 260. 1.35 14.3 1.47 6.50 >50.0
MOLT-4 7.21 41.2 >50 0.64 3.27 >100 111 5.46 >100 0.18 0.49 >100 1.20 3.62 >50.0
RPMI-8226 11.3 >50 >50 1.42 6.32 >100 2.20 8.08 963. 0.29 1.78 >100 8.45 33.4 >50.0
SR 17.0 >50 >50 2.00 8.09 >100 2.97 9.06 52.7 0.31 1.19 7.46 1.99 13.1 >50.0
Non-small cell lung cancer
AB49/ATCC >50 >50 >50 6.66 24.4 73.6 14.9 42.4 >100 2.43 7.94 51.4 >50 >50.0 >50.0
EKVX >50 >50 >50 16.0 29.7 55.0 20.8 66.5 >100 - - 14.2 26.3 >50.0
HOP-62 13.3 30.4 >50 1.85 4.04 8.81 1.82 3.30 6.01 2.10 6.53 24.2 10.7 13.6 30.4
HOP-92 18.4 >50 >50 2.30 5.23 15.8 2.03 5.01 16.3 .320 2.18 14.5 6.05 >50.0 >50.0
NCI-H226 194 >50 >50 2.39 6.06 57.5 3.09 111 59.1 1.83 4.64 14.6 >50.0 35.2 >50.0
NCI-H23 135 >50 >50 1.00 3.58 22.8 1.88 6.99 43.1 0.56 2.58 8.48 8.25 >50.0 >50.0
NCU-H322M >50 >50 >50 18.6 33.9 61.9 96.5 >100 >100 2.85 11.0 38.7 >50.0 >50.0 >50.0
NCI-H46- 36.1 >50 >50 4.29 18.9 75.8 25.9 >100 >100 2.02 8.33 40.5 >50.0 16.8 32.8
NCI-H522 14.9 >50 >50 1.84 4.26 9.91 3.76 12.4 37.1 2.38 4.87 9.96 8.64 >50.0 >50.0
Colon Cancer
COLON 205 >50 >50 >50 20.0 35.0 61.3 13.7 27.7 56.2 13.3 20.6 51.0 35.5 >50.0 >50.0
HCC2998 >50 >50 >50 16.2 31.7 62.1 11.3 25.3 56.4 .463 111 349 >50.0 >50.0 >50.0
HCT-116 7.87 19.9 >50 0.44 2.66 16.3 155 3.22 6.69 0.29 1.01 4.22 7.29 14.2 27.5
HCT-15 123 >50 >50 2.71 11.3 47.1 2.84 12.9 50.0 .691 6.91 40.4 8.27 17.1 35.3
HT-29 >50 >50 >50 20.1 66.7 >100 8.72 36.3 >100 212. 336 92.7 >50.0 >50.0 >50.0
KM12 41.9 >50 >50 12.0 28.0 65.7 9.91 77.3 >100 93.1 113 41.1 19.5 >50.0 >50.0
SW-620 23.6 >50 >50 2.29 5.21 28.3 3.99 16.3 69.5 .430 2.21 11.7 9.99 18.7 35.1
CNS Cancer
SF-295 40.6 >50 >50 7.84 229 57.9 9.0 44.2 >100 881. 4.30 9.83 >50.0 >50.0 >50.0
SF-539 10.3 20.5 40.5 2.19 4.07 7.55 2.08 4.24 8.63 1.73 3.51 7.14 10.5 20.2 38.9
SNB-19 32.2 >50 >50 8.64 21.2 47.1 13.9 30.9 68.6 .323 131 36.3 12.7 38.8 >50.0
SNB-75 14.9 >50 >50 1.99 6.23 23.7 157 4.22 13.1 .520 3.95 23.9 8.26 16.0 31.0
U251 10.9 317 >50 1.70 4.00 9.39 1.90 4.35 9.94 481. 3.16 6.75 6.46 14.0 30.3
Melanoma
LOX IMVI 12.6 >50 >50 0.54 2.08 5.73 1.21 2.64 577 0.34 1.31 4.73 5.68 12.8 29.1
MALME-3M 16.8 40.2 >50 1.98 3.68 6.85 3.26 8.65 1. 1.12 2.38 5.03 11.0 22.2 44.6
M14 17.4 >50 >50 1.66 3.39 6.94 3.72 15.8 43.0 154 3.18 6.53 26.0 >50.0 >50.0
MDA-MB-435 9.23 17.4 32.7 1.53 3.33 7.24 1.94 3.70 7.07 0.20 0.39 0.74 9.19 18.5 37.3
SK-MEL-2 13.8 34.1 >50 2.34 4.81 9.87 2.34 4.69 19.4 0.99 2.42 5.87 8.58 18.6 33.7
SK-MEL-28 20.9 >50 >50 1.93 4.19 9.09 1.87 3.81 57.7 272 5.99 18.8 10.3 175 42.9
SK-MEL-5 5.08 111 24.3 0.99 2.21 4.87 141 2.84 725. 1.29 2.60 5.23 7.17 21.2 49.8
UACC-257 8.56 20.9 >50 1.52 3.15 6.54 1.59 4.64 018. 0.57 1.88 4.47 9.05 171 35.4
UACC-62 12.0 40.8 >50 1.60 3.26 6.54 1.73 4.37 129 1.35 2.67 5.26 8.22 18.6 33.7
Ovarian Cancer
IGROV1 19.1 >501 >50 2.07 5.37 26.7 2.93 10.2 46.6 0.96 3.01 9.18 6.06 154 38.9
OVCAR-3 10.2 22.8 >50 0.45 1.74 6.5 1.82 3.44 6.52 0.25 0.638 2.98 8.16 15.1 27.9
OVCAR-4 2.78 10.1 30.1 0.31 0.94 6.71 0.34 1.38 84.1 0.36 1.34 3.67 6.05 13.2 29.0
OVCAR-5 3.44 >50 >50 2.74 6.08 68.2 8.18 24.0 63.3 2.07 4.05 7.94 - - -
OVCAR-8 111 >50 >50 0.59 2.26 6.81 1.58 3.63 8.34 0.49 2.37 9.85 3.50 25.8 >50.0
NCI/ADR-RES 104 36.9 >50 0.50 4.59 >100 1.74 4.59 >100 052 203. >100 12.9 >50.0 >50.0
SK-OV-3 21.0 >50 >50 3.97 12.1 34.8 2.34 5.08 13.0 2.90 12.6 36.9 13.7 18.5 >50.0
Renal Cancer
786-0 11.2 29.7 >50 291 8.97 311 1.85 3.53 6.75 752 8.14 34.9 123 25.4 >50.0
A489 10.7 >50 >50 13.0 29.2 6.54 2.26 58.5 >100 605 4.28 23.6 >50.0 >50.0 >50.0
ACHN 12.8 32.5 >50 1.62 3.27 6.63 1.85 3.63 7.14 251. 3.26 8.50 - - -
CAKI-1 17.2 >50 >50 2.67 9.15 >100 2.51 7.04 >100 .590 2.59 9.08 9.68 26.2 >50.0
RXF 393 9.14 19.6 42.2 2.15 4.70 10.9 2.02 3.69 76.6 1.77 4.83 16.9 7.20 14.0 27.4
SNi12C 105 39.7 >50 1.05 2.58 6.35 1.64 4.96 194 660 2.41 7.09 7.16 145 29.3
TK-10 29.7 >50 >50 5.31 14.8 39.9 5.07 14.1 38.6 685. 18.0 87.6 32.0 >50.0 >50.0
UO-31 14.9 >50 >50 1.78 4.16 9.73 3.03 15.0 42.6 16 1. 3.56 11.9 7.83 18.5 43.5
Prostate Cancer
PC-3 14.8 >50 >50 2.27 11.8 69.9 1.96 6.41 85.7 502 138 75.4 10.8 43.4 >50.1
DU-145 21.5 >50 >50 2.27 5.09 14.3 6.30 18.7 45.0 451 6.64 26.4 10.2 19.9 38.8
Breast Cancer
MCF7 7.28 16.6 37.8 1.30 3.37 8.78 131 3.11 739 711 3.80 8.42 8.33 17.0 34.7
MDA-MB-231/ATCC 7.52 37.3 >50 0.37 4.10 31.6 1.20 3.61 12,9 029 411. 4.90 5.14 134 34.8
HS 578-T 17.8 >50 >50 1.97 6.55 >100 2.81 >100 >100 1.62 6.27 >100 17.3 >50.0 >50.0
BT-549 20.5 >50 >50 3.27 15.1 40.3 3.99 17.2 43.0 .192 8.38 29.8 15.2 28.4 >50.0
T-47D 3.70 18.3 >50 1.29 3.35 8.72 0.86 2.57 7.02 .380 2.15 9.11 1.16 5.29 42.9
MDA-MB-468 0.95 2.00 4.20 0.95 2.23 5.10 0.45 152 4.19 0.37 142 4.39 0.89 1.93 4.21
Concentration required for 50% inhibition of celfogth (Gkg), total growth

inhibition (TGI) and 50% lethal concentration (3JC
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Table 4.

Compounds 4d (NSC761882) 4f (NSC761884) 5 (NSC761885) 69 (NSC763968) 7a (NSC757965)
ggﬁﬁﬁg? Sub,\glaDnhel Se\ec:;vtiilgl Sul:\;)fg\sl Selec:iavliitg/ Sul:\;)fg\sl Se\ec:;vtiilgl Sul:\;)fg\sl Se\ec:;vtiilgl Sub,\glaDnhel Se\ec:;vtiilgl
Leukemia 12.78 123 159 231 2.16 2.51 0.25 6.44 2.67 3.66

Non-small cell
lung cancer 19.27 0.82 5.84 0.63 18.96 0.28 1.81 0.89 9.57 1.02

Colon cancer 21.42 0.73 1053 0.35 7.43 0.71 4.94 0.33 16.11 0.61
CNS cancer 21.78 0.72 447 0.82 5,69 0.93 1.79 0.90 9.48 1.03
Melanoma 12.93 1.22 156 2.36 2.12 2.49 1.12 1.44 10.58 0.92
Ovarian cancer 11.15 141 152 2.42 2.70 1.96 1.08 1.49 8.40 1.16
Renal cancer 14.52 1.08 3.81 0.97 2.53 2.09 1.58 1.02 12.70 0.77
Prostate Cancel 18.15 087 227 162 4.13 1.28 0.85 1.89 10.50 0.93
Breast cancer 9.62 164 152 242 1.77 2.98 1.09 1.52 8.00 1.22

MID? 15.74 3.68 5.28 1.61 9.78

MID?®= Average sensitivity of all cell line inM.
MID®= Average sensitivity of all cell line of a partlat subpanel inM.
Selectivity ratio= MIB: MID®
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Figure 3.
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Figureb.
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Figure6.
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L egends

Scheme 1. Synthesis of sulfur-substituted anthra[t]pt,2,5]thiadiazole-6,11-dione
derivatives. Reagents and conditions: (i). SOTHF, r.t., 24 h; (ii). KCIQ, acetic

acid, HCI, 90C, 45 min + 4 h; (iii). various organosulfur derivats, DIPEA, dry

THF, 65C, 2 h~4 h; (vi). various organosulfur derivativesyic chloride, DMF, 9@,

3 h~4h.

Table 1. Effects of sulfur-substituted anthra[1gH1,2,5]thiadiazole-6,11-diones on
cytotoxicity by SRB assay in PC-3 cell line and Magsay in DU-145 cell line.
Table 2. Growth percentage of selected compounds in the N€&Velopmental
Therapeutics Programia vitro 60 cell line screen program.

Table 3. In vitro antitumor activity (GJo, UM), toxicity (LCso, uM) and TGI data of
4d (NSC761882 4f (NSC761884),5f (NSC761885),6g (NSC763968), andra
(NSC757965).

Table 4. Median growth inhibitory concentration (gl UM) and Gy selectivity
ratios of4d, 4f, 5f, 6g, and7a in the NClin vitro 60-cell Drug Screen.

Figure 1. Some examples of core structure of 1,2,5-thiadgazontaining drugs and
representative investigational structural sets usélde pharmacophore studies.
Figure 2. Durg response curve from five dose study agamstpoundeg.

Figure 3. 3a) The cytotoxicity oféeg and DXR, to SV-HUC-Icells (human normal
urothelial cells) 3b) to WMPY-1 (normal human prostatic stromal rfifpsoblasts). 3c)
to RWPE-1 (normal prostate epithelial cells).

Figure 4. Morphological changes and apoptosis induce@diyn DU-145 cells.

Figure 5. Treatment with6g induced apoptotic pathways in DU-145 cells. Protein
samples were separated using SDS-PAGE and subjezxt@dmunoblotting with
antibodies specific to cleaved PARP, cleaved caspamd3-actin (n= 3 independent
experiments)B-actin was used as a loading control.

Figure 6. 6a) Dose effect of compoungy on their inhibition activities against Cyclin
D1 and Bcl-2 in DU-145a-tubulin was used as a loading control (n= 3 indeleat
experiments). 6b) Relative protein expression charmmf compounég in PC-3 cells.
Figure 7. Dose effect of compoun@g on their inhibition activities against ERK 1/2

and p38 phosphorylation in DU-145.
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Highlights
A sulfur-substituted anthra] 1,2-c][ 1,2,5] thiadiazole-6,11-diones were synthesized
A 19 compounds were selected and tested by NCI for their anticancer potency

A 69 induced apoptosis and attenuated ERK 1/2 and p-38 signaling pathways



