
Bioorganic & Medicinal Chemistry Letters 21 (2011) 4879–4883
Contents lists available at ScienceDirect

Bioorganic & Medicinal Chemistry Letters

journal homepage: www.elsevier .com/ locate/bmcl
Discovery of 1,2,4-thiadiazolidine-3,5-dione analogs that exhibit unusual
and selective rapid cell death kinetics against acute myelogenous leukemia
cells in culture

Shama Nasim a, Monica L. Guzman b, Craig T. Jordan c, Peter A. Crooks a,⇑
a Department of Pharmaceutical Sciences, College of Pharmacy, University of Kentucky, 501A 725 Rose Street, Lexington, KY 40536, USA
b Division of Hematology/Oncology, Department of Medicine, Weill Cornell Medical College, New York, NY 10065, USA
c James P. Wilmot Cancer Center, University of Rochester, Rochester, NY 14642, USA
a r t i c l e i n f o

Article history:
Received 28 April 2011
Accepted 8 June 2011
Available online 22 June 2011

Keywords:
1,2,4-Thiadiazolidine-3,5-diones
Antileukemic
Rapid cell death kinetics
Acute myelogenous leukemia (AML)
0960-894X/$ - see front matter � 2011 Elsevier Ltd. A
doi:10.1016/j.bmcl.2011.06.027

⇑ Corresponding author. Tel.: +1 859 257 1718; fax
E-mail address: pcrooks@email.uky.edu (P.A. Croo
a b s t r a c t

4-Benzyl-2-methyl-1,2,4-thiadiazolidine-3,5-dione (TDZD-8) was previously identified as an antileuke-
mic agent exhibiting no evident toxicity toward normal hematopoietic cells. An SAR study has been car-
ried out to examine the effect of varying the C-2 and C-4- substituents on the thiadiazolidinone ring of
TDZD-8 on antileukemic activity. These studies resulted in the identification of more druglike analogs
that exhibited comparable potency to TDZD-8 in killing acute myelogenous leukemia (AML) cells in cul-
ture. Surprisingly, the cell death kinetics induced by several of these novel analogs on MV-411 cells were
extremely fast, with commitment to death occurring within 30 min. At a concentration of 10 lM, 3f
(LD50 = 3.5 lM) completely eradicated cell viability of MV-411 cells within 2 h, while analog 3e
(LD50 = 2.0 lM) decimated cell viability within 30 min at a concentration of 10 lM and effectively abol-
ished cell viability at 5 lM within 1–2 h.

� 2011 Elsevier Ltd. All rights reserved.
Acute myelogenous leukemia (AML) is a hematologic malig-
nancy characterized by the abnormal accumulation of immature
white blood cells in the bone marrow (BM), and a poor overall
survival rate; 12,330 people were diagnosed with AML in 2010.1

AML is thought to originate and be maintained from a malignant
population of cells known as leukemia stem cells (LSCs). It has been
shown that LSCs are not effectively eliminated by standard chemo-
therapy regimens and are likely to result in disease relapse.2 Thus,
the development of clinically-viable small-molecule chemothera-
peutics that eradicate such stem cells has become a high priority.

4-Benzyl-2-methyl-1,2,4-thiadiazolidine-3,5-dione (TDZD-8) was
first identified as a highly selective inhibitor of glycogen synthase
kinase 3b (GSK3b);3a–e We have recently demonstrated that
TDZD-8 displays unique antileukemic properties.4 It was found
that TDZD-8 possesses the ability to eradicate acute and chronic,
lymphoid and myeloid forms of leukemia, including the LSC popu-
lations, at concentrations of about 20 lM with rapid kinetics (i.e.,
within 2 h of exposure). In this concentration range, TDZD-8 pos-
sesses insignificant toxicity toward normal hematopoietic stem
cells. The toxicity of TDZD-8 is also specific toward hematologic
malignancies, since it was found not to be toxic toward a broad
swath of other cancer cell lines in the NCI 60 anticancer screen.4
ll rights reserved.
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ks).
The precise antileukemic mechanism of action of TDZD-8 is not
completely understood and likely involves multiple cellular tar-
gets; TDZD-8 also appears to rapidly disrupt membrane integrity
and deplete free cellular thiols. The latter effect is not surprising,
since we have noted in our own synthetic studies that the 1,2,4-
thiadiazolidine-3,5-dione (TDZD) ring is capable of oxidizing both
P(III) and Pd(0).5

The current study represents our first efforts at identifying
TDZD analogs which conserve or improve upon the novel selectiv-
ity and cytotoxicity of TDZD-8 toward AML cells, and that also rep-
resent more water-soluble molecules compared to the parent
compound, TDZD-8. In this report, we have focused on determining
the effect of varying the N-2 substituent of TDZD-8 on antileuke-
mic activity in MV-411 cells in culture. In addition, we have inves-
tigated structural modifications that introduce a water-solubilizing
group into the 4-benzyl moiety of the most potent TDZD analogs in
order to improve druglikeness.

The oxidative condensation of isothiocyanates with isocyanates
via chlorine addition has been the subject of recent reports.3b,c

Classically, 1,2,4-thiadiazolidine-3,5-dione analogs are synthesized
through oxidative condensation of isothiocyanates with isocya-
nates in the presence of gaseous chlorine as the oxidizing agent.
In our hands, we found that the introduction of chlorine as a solu-
tion in CCl4/diethyl ether was more reliable and more controllable,
in terms of stoichiometry (Scheme 1, Method 1), than the treat-
ment of a mixture of isothiocyanate and isocyanate with chlorine

http://dx.doi.org/10.1016/j.bmcl.2011.06.027
mailto:pcrooks@email.uky.edu
http://dx.doi.org/10.1016/j.bmcl.2011.06.027
http://www.sciencedirect.com/science/journal/0960894X
http://www.elsevier.com/locate/bmcl


R1 NCO

N
S
N

O

O

R1Methods 1-3

NCS

(1)

(3)
+

(2)
2a; R1=CH3
2b; R1=CH2CH3
2c; R1=CH2CH2CH3
2d ;R1=CH2CH=CH2
2e; R1=CH2CH2Cl
2f; R1=CH2CH2Br

3a; R1=CH3 [Method 1]
3b; R1=CH2CH3 [Method 1]
3c; R1=CH2CH2CH3 [Method 2]
3d; R1=CH2CH=CH2 [Method 3]
3e; R1=CH2CH2Cl [Method 3]
3f; R1=CH2CH2Br [Method 3]

Scheme 1. Methodologies for the preparation of 1,2,4-thiadiazolidine-3,5-dione
analogs from isocyanates and isothiocyanates. Reagents: Method 1: Cl2 in CCl4/
diethyl ether; Method 2: So2Cl2, diethyl ether; Method 3: N-chlorosuccinimide,
CHCl3.
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gas. We have also utilized SO2Cl2 in diethyl ether as an alternative
reported method of preparation of 1,2,4-thiadiazolidine-3,5-diones
analogs5 (Scheme 1, Method 2). Recently, we have reported that N-
chlorosuccinimide is a safe and viable alternative to the use of
chlorine gas in the synthesis of 1,2,4-thiadiazolidine-3,5-diones
analogs (Scheme 1, Method 3).6 The TDZD analogs 3a–3f described
herein were synthesized from readily available starting materials
utilizing a combination of the three methodologies outlined in
Scheme 1.

Despite promising in vitro antileukemic activity (Table 1), TDZD
analogs 3a–3f generally had poor water-solubility. Thus, in another
structural iteration, we examined the effect of introducing ioniz-
able hydrophilic groups, such as NH2 and COOH, into the TDZD
molecule to improve water-solubility. Five analogs, 10b and
10d–10g, that incorporated a protonatable aminomethyl moiety
at either C4 or C3 of the phenyl ring were synthesized via the route
illustrated in Scheme 2A. The appropriate Boc-protected ami-
nomethylbenzoic acid 5 was converted to the corresponding
benzylamine analog 6, utilizing standard synthetic procedures.
Intermediate 6 was then converted into the corresponding benzy-
lisothiocyanate 7 utilizing a modification of the procedure reported
by Wong and Dolman.7 In this procedure, a triethylammonium
thiocarbamate is formed through treatment of the primary amine
with 1.0 equiv of CS2 and triethylamine in anhydrous THF, fol-
Table 1
LD50 (lM) values of 1,2,4-thiadiazolidine-3,5-diones against cultured MV-411 cells

N N
S

O

O
R1

R2

Analog R2 R1 LD50
* (lM)

3a (TDZD-8) 4-H CH3 4.01
3b 4-H CH2CH3 9.21
3c 4-H CH2CH2CH3 11.6
3d 4-H CH2CH@CH2 9.20
3e 4-H CH2CH2Cl 2.03
3f 4-H CH2CH2Br 3.50
10b 4-CH2NH2�HCl CH2CH3 15.5
10d 4-CH2NH2�HCl CH2CH@CH2 6.70
10e 4-CH2NH2�HCl CH2CH2Cl 3.01
10f 4-CH2NH2�HCl CH2CH2Br 4.51
10g 3-CH2NH2�HCl CH2CH2Cl 4.40
15 4-COONa CH2CH2Cl >20

* LD50 (lethal dose) denotes the concentration of analog that causes cell death in
50% of the cell population.
lowed by addition of tosyl chloride with stirring for 3 h. While fol-
lowing this protocol we experienced difficulty in obtaining a
practical yield of the desired isothiocyanate. The reason was traced
to the insolubility of the amine in THF, which leads to a very slug-
gish formation of the intermediate thiocarbamate. The yield im-
proved dramatically when additional equivalents of CS2 were
added. Consequently, we conducted the entire reaction in a 10:1
mixture of CH2Cl2/CS2 (10 mL/mmole), which resulted in instanta-
neous conversion of the primary amine to the thiocarbamic acid
(an insoluble product). Subsequent addition of triethylamine
caused the dissolution of the precipitated thiocarbamic acid. After
cooling the resulting solution to 0 �C, tosyl chloride (1 equiv) was
added in one portion, and the reaction mixture worked up to afford
the isothiocyanate in good yield. Reaction of 7 with the requisite
isocyanate 2, utilizing Method 3 conditions (Scheme 1), afforded
the corresponding Boc-protected aminomethyl TDZD analogs.
The TDZD ring in the five resulting Boc-protected aminomethyl
analogs was found to be stable to 4 N HCl in dioxane and thus ame-
nable to N-deprotection and HCl salt formation to afford 10b and
10d–10g.

For the synthesis of the 4-carboxylate analog 15 (Scheme 2B),
the precursor tert-butyl-protected isothiocyanate 14 was synthe-
sized from tert-butyl-4-cyanobenzoate (12),8 which was converted
to tert-butyl-4-(aminomethyl)-benzoate (13), as reported by An-
drew and Gaeta,9 and then subsequently converted to 14 with
CS2/CH2Cl2. Reaction of 14 with isocyanate 2e utilizing Method 3
conditions (Scheme 1), followed by deprotection and sodium salt
formation afforded 15 (Scheme 2B). NMR and mass spectral char-
acterization data for all TDZD analogs are provided in the reference
section.10

Cytotoxicity data (LD50) for compounds 3e–3f against cultured
MV-411 cells11 are shown in Table 1 and are compared to TDZD-
8 (3a). Generally, increasing the size of the N-2 substituent resulted
in compounds with lower potency (3b–3d) compared to TDZD-8.
However, the presence of an N-2-(2-halogenoethyl) substituent
(3e; LD50 = 2.0 lM, and 3f; LD50 = 3.5 lM) afforded compounds
with comparable LD50 values to TDZD-8 (3a; LD50 = 4.0 lM). Eval-
uation of the more water-soluble analogs 10b, 10d–10g, and 15,
also afforded several compounds with comparable LD50 values to
TDZD-8, indicating that a water-solubilizing amino moiety can be
introduced into the aromatic ring of the active analogs 3e and 3f
without compromising potency. Thus, the HCl salt of the N-2-(2-
chloroethyl) and N-2-(2-bromoethyl) analogs 10e and 10f were
found to have comparable potency (LD50 = 3.0 lM and 4.5 lM,
respectively) to 3e, 3f and TDZD-8 but had improved hydrophilic-
ity and druglikeness. Moving the aminomethyl moiety of 10e from
the para-position to the meta-position on the phenyl ring to afford
analog 10g had little effect on the LD50 values for these two regio-
specific isomers. Unfortunately, introducing a water-solubilizing
carboxylate group at the C4 position of the phenyl ring of 3e to af-
ford 15 resulted in loss of antileukemic activity.

As with TDZD-8, none of the active TDZD analogs synthesized in
this study was toxic to normal hematopoietic cells. In addition, it
was previously observed that the cell death kinetics induced by
TDZD-8 on MV-411 cells was extremely fast,2 with commitment
to death occurring within several hours. We similarly measured
the kinetics of cell death caused by TDZD-8 and analogs 3d, 3e,
and 3f. Figure 1 shows the time-course to determine the cell death
kinetics of these four compounds. At a concentration of 20 lM,
TDZD-8 abolished MV-411 cell viability over a period of 2 h. At a
concentration of 5 lM, the activity of analog 3d was negligible,
while at a concentration of 10 lM, the analog caused halving of
percentage cell viability over 24 h. However, at a concentration
of 20 lM, 3d caused a 50% decrease in cell viability within 30 min-
utes, and effectively abolished viability over a period of 2 h. Analog
3f caused a 50 percent decrease in cell viability within the first
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Scheme 2. Synthesis of phenyl substituted 1,2,4-thiadiazolidine-3,5-diones.
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30 min at a concentration of 5 lM. However, the effect was not
sustained, and cell viability was retained, even at 2.5 lM after
24 h. At a concentration of 10 lM, 3f completely eradicated cell
viability within the first 2 h. In contrast, analog 3e decimated cell
viability within 30 min at a concentration of 10 lM and effectively
abolished cell viability at 5 lM within 1–2 h, and caused halving of
percentage cell viability over 24 h at a concentration of 2.5 lM.

From these results, it is clear that determination of the LD50

parameter alone provides an estimation of only the antileukemic
effect of the above TDZD analogs in total populations of AML cells
using MV4-11 cultures. However, the mechanism of action of each
of the TDZD analogs synthesized in this study may be different. It is
known that the parent compound, TDZD-8, exhibits several
intracellular activities such as oxidation of cellular thiols, disrup-
tion of membrane integrity, and inhibition of protein kinases.
Differential abilities of the TDZD analogs to act at different sites
of action inside the leukemic cell may be responsible for the ob-
served inconsistencies between the LD50 values and the cell death
kinetics experiments. One possible mechanism for the antileuke-
mic action of the TDZD analogs 3e, 3f, 10e, 10f, may be nonspecific
chemical reactivity, such as the alkylative ability of the N-2 halog-
enoalkyl substituted analogs, or the aforementioned oxidative po-
tential of the TDZD ring itself. However, our experiments show that
these TDZD analogs have negligible cytotoxicity toward normal
hematopoietic cells or other tumor cell types, and analog 15, which
is also an N-2-(2-chloroethyl) analog, is inactive as an antileukemic
agent. This suggests that alkylative or oxidative reactivity is
unlikely as a mechanism of antileukemic action for these TDZD
analogs, and that their mechanism of inhibition is not related to
nonspecific inhibition of rapidly dividing cells.



Figure 1. Time-course of cell death kinetics for analogs 3d, 3e, and 3f against cultured MV-411 cells when compared to the parent analog, TDZD-8.
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This study has also provided useful information about the
importance of the N-2-substituent in the TDZD-8 molecule for
antileukemic activity. Sites for attachment of hydrophilic groups
with retention of pharmacological properties have also been iden-
tified, leading the way for the development of more druglike TDZD
analogs. Future studies can now focus on a more thorough pharma-
cological and toxicological evaluation of these analogs. Lastly, the
positive, as well as the negative SAR trends, resulting from this
study will serve as a guide for further optimization of this unique
series of compounds, not only with regard to potency and selectiv-
ity, but also for achieving optimal pharmacokinetics and
drugability.
Acknowledgments

Financial support from the Leukemia–Lymphoma Society, Grant
#6077-08, is gratefully acknowledged. M.G. is funded by the
National Institutes of Health through the NIH Director’s New Inno-
vator Award Program, 1-DP2-OD007399-01.
Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.bmcl.2011.06.027.

References and notes

1. The Leukemia–Lymphoma Society, Facts 2010–2011, Edit. Leukemia–
Lymphoma Society, 2011.

2. Jordan, C. T. Best Pract. Res. Clin. Haematol. 2007, 20, 13.
3. (a) Martinez, A.; Fernandez, E.; Castro, A.; Conde, S.; Rodriguez Franco, I.; Banos,

J.-E.; Badia, A. Eur. J. Med. Chem. 2000, 35, 913; (b) Martinez, A.; Alonso, M.;
Castro, A.; Perez, C.; Moreno, F. J. J. Med. Chem. 2002, 45, 1292; (c) Martinez, A.;
Alonso, M.; Castro, A.; Dorronsoro, I.; Gelpi, J. L.; Luque, F. J.; Perez, C.; Moreno,
F. J. J. Med. Chem. 2005, 48, 7103; (d) Martinez, A.; Castro, A.; Dorronsoro, I.;
Alonso, M. Med. Res. Rev. 2002, 22, 373; (e) Castro, A.; Encinas, A.; Gil, C.; Brase,
S.; Porcal, W.; Perez, C.; Moreno, J. F.; Martinez, A. Bioorg. Med. Chem. 2008, 16,
495.

4. Guzman, M. L.; Xiaojie, L.; Corbett, C. A.; Rossi, R. M.; Bushnell, T.; Liesveld, J. L.;
Hebert, J.; Young, F.; Jordan, C. T. Blood 2007, 110, 4436.

5. Slomczynska, U.; Barany, G. J. Heterocycl. Chem. 1984, 21, 241.
6. Nasim, S.; Crooks, P. A. Tetrahedron Lett. 2009, 50, 257.
7. Wong, R.; Dolman, S. J. J. Org. Chem. 2007, 72, 39969.

http://dx.doi.org/10.1016/j.bmcl.2011.06.027


S. Nasim et al. / Bioorg. Med. Chem. Lett. 21 (2011) 4879–4883 4883
8. Stanton, M. G.; Gagne, M. R. J. Org. Chem. 1997, 62, 8240.
9. Andrew, D. R.; Gaeta, F. C. U.S. Patent 4885,293, 1989.

10. Spectral and analytical data for compounds 3a, 3b and 3e were in agreement
with previously reported data.3b,c,6 2-Propyl-4-benzyl-1,2,4-thiadiazolidine-3,5-
dione (3c), clear oil, yield = 72%; 1H NMR (300 MHz, CDCl3) d ppm 7.42–7.23 (m,
5H), 4.79 (s, 2H), 3.56 (t, J = 6.5 Hz, 2H), 1.61 (q, J = 6.5 Hz, 2H), 0.92 (t,
J = 6.5 Hz, 3H); 13C NMR (75 MHz, CDCl3) d ppm 166.0, 153.0, 135.3, 128.9,
128.8, 128.3, 46.8, 46.2, 22.4, 11.4; EI-MS m/z = 250; Anal. (C12H14N2O2S) C, H,
N. 2-Allyl-4-benzyl-1,2,4-thiadiazolidine-3,5-dione (3d), clear oil, yield = 60%; 1H
NMR (300 MHz, CDCl3) d ppm 7.46–7.26 (m, 5H), 5.81 (m, 1H), 5.35 (m, 2H),
4.83 (s, 2H), 4.23 (m, 2H); 13C NMR (75 MHz, CDCl3) d ppm 165.9, 152.6, 135.2,
131.0, 128.9, 128.7, 128.3, 120.7, 47.4, 46.1; EI-MS m/z = 248. Anal.
(C12H12N2O2S) C, H, N. 2-(20-Bromoethyl)-4-benzyl-1,2,4-thiadiazolidine-3,5-
dione (3f), white solid, mp = 76–78 �C, yield = 82%; 1H NMR (300 MHz, CDCl3)
d ppm 7.45–7.30 (m, 5H), 4.83 (s, 2H), 3.99 (t, J = 6.3 Hz, 2H), 3.52 (t, J = 6.3 Hz,
2H); 13C NMR (75 MHz, CDCl3) d ppm 165.7, 153.2, 135.1, 129.0, 128.9, 128.5,
46.9, 46.4, 29.1. Anal. (C11H11BrN2O2S) C, H, N. 2-Ethyl-4-(40-
methylaminobenzyl)-1,2,4-thiadiazolidine-3,5-dione hydro-chloride (10b), white
solid, mp = 151–153 �C, yield = 73%; 1H NMR (300 MHz, CD3OD) d ppm 7.44 (s,
4H), 4.83 (s, 2H), 4.10 (s, 2H), 3.69 (q, J = 6.3 Hz, 2H), 1.23 (t, J = 6.3 Hz, 3H); 13C
NMR (75 MHz, CD3OD) d ppm 166.4, 152.9, 136.5, 134.3, 129.9, 128.3, 45.5,
42.5, 39.8, 14.3. Anal. (C12H16ClN3O2S�0.5H2O) C, H, N. 2-Allyl-4-(40-
methylaminobenzyl)-1,2,4-thiadiazolidine-3,5-dione hydrochloride (10d), white
solid, mp = 105–107 �C, yield = 75%; 1H NMR (300 MHz, CD3OD) d ppm 7.44 (s,
4H), 5.87 (m, 1H), 5.32 (m, 2H), 4.85 (s, 2H), 4.24 (m, 2H), 4.10 (s, 2H); 13C NMR
(75 MHz, CD3OD) d ppm 167.7, 154.6, 138.4, 134.5, 132.9, 130.6, 130.3, 120.6,
48.4,46.6, 44.3; Anal (C13H16ClN3O2S) C, H, N. 2-(20-Chloroethyl)-4-(400-
methylaminobenzyl)-1,2,4-thiadiazolidine-3,5-dione hydrochloride (10e), white
solid, mp = 103–105 �C, yield = 64%; 1H NMR (300 MHz, CD3OD) d ppm 7.42 (s,
4H), 4.82 (s, 2H), 4.15 (s, 2H), 3.90 (t, J = 6.5 Hz, 2H), 3.78 (t, J = 6.5 Hz, 2H); 13C
NMR (75 MHz, CD3OD) d ppm 165.7, 153.2, 137.4, 135.1, 129.0, 128.7, 46.9,
46.4, 44.1, 41.7; Anal. (C12H15Cl2N3O2S) C, H, N. 2-(20-Bromoethyl)-4-[400-
methylaminobenzyl)-1,2,4-thiadiazol-idine-3,5-dione hydrochloride (10f), white
solid, mp = 91–93 �C, yield = 75%; 1H NMR (300 MHz, CD3OD) d ppm 7.44 (s,
4H), 4.85 (s, 2H), 4.10 (s, 2H), 4.04 (t, J = 6.3 Hz, 2H), 3.63 (t, J = 6.3 Hz, 2H); 13C
NMR (75 MHz, CD3OD) d ppm 167.3, 154.6, 137.9, 134.2, 130.3, 129.8, 47.5,
46.3, 44.0, 30.5; Anal. (C12H15BrClN3O2S) C, H, N. 2-(20-Chloroethyl)-4-(300-
methylaminobenzyl)-1,2,4-thiadiazolidine-3,5-dione hydro-chloride (10g), white
solid, mp 97–99 �C, yield = 53%; 1H NMR (300 MHz, CD3OD) d ppm 7.36 (t,
J = 7.6 Hz, 1H), 7.31 (m, 3H), 4.83 (s, 2H), 4.13 (s, 2H), 4.05 (t, J = 5.7 Hz, 2H),
3.81 (t, J = 5.7 Hz, 2H); 13C NMR (75 MHz, CD3OD) d ppm 165.7, 153.2, 135.1,
129.0, 128.9, 128.7, 128.3, 128.5, 46.5, 46.3, 43.9, 42.1; Anal.
(C12H15Cl2N3O2S�H2O) C, H, N. 4-{40-[200-(20 00-Chloroethyl)-1,2,4-thiadiazolidine-
3,5-dionyl]} sodium benzoate (15), white solid, mp = 170–172 �C, yield = 90%; 1H
NMR (300 MHz, CD3OD) d ppm 7.97 (d, J = 8.4 Hz, 2H), 7.43 (d, J = 8.4 Hz, 2H),
4.74 (s, 2H), 3.96 (t, J = 5.4 Hz, 2H), 3.73 (t, J = 5.4 Hz, 2H); 13C NMR (75 MHz,
CD3OD) d ppm 168.9, 167.0, 154.1, 140.9, 131.2, 130.8, 128.8, 47.4, 46.2, 42.6.
Anal (C12H10ClN2O4SNa) C, H, N.

11. Assessment of LD50 for TDZD analogs from MV4-11 cell assays. MV4-11 cells
were purchased from the ATCC (American type culture collection). Cells were
cultured at 300,000 cells/mL and exposed to at least 4 different concentrations
of the various analogs for 24 h (or for the indicated time period in the time-
course experiments). Iscove’s Modified Dulbecco’s Medium (IMDM)
supplemented with 10% fetal bovine serum (FBS) was used. Cell viability was
determined by staining with Annexin V-Fluorescein isothiocyanate (FITC) and
7-aminoactinomycin D (7-AAD). Analyses were performed in the BD-LSRII
15 min later. The percent of viable cells was determined relative to the
untreated control by gaiting on Annexin V negative/7-AAD negative cells. The
calculation of LD50 values was performed using Calcusyn software (Biosoft).


	Discovery of 1,2,4-thiadiazolidine-3,5-dione analogs that exhibit unusual  and selective rapid cell death kinetics against acute myelogenous leukemia  cells in culture
	Acknowledgments
	Supplementary data
	References and notes


