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Ring-functionalized niobocene complexes

Iva Honzi¢kova®, Jan Honzi¢ekP, Jaromir Vinklarek®*, Zdeiika Padélkova?,
Martina Reza¢ova© and Lucie Sebestova®

A series of new ring-functionalized niobocene dichloride compounds (RCH,CsH,4);NbCl, (R=MeOCH,, (CH,)sNCH,, 2-MeOCgH,,
3-Me0C6H4, 4-MeOC6H4, 2,4'(M€°)2C5H3, 3,4'(MEO)2C5H3, 2,4,6-(Me0)3C5H2, 3,4,5-(Me0)3C6H2, 4'FC6H4, 4'MG2NC5H4) was syn-
thesized and characterized by electron paramagnetic resonance. Three structures were determined by X-ray diffraction anal-
ysis and revealed the expected bent metallocene structure with two cyclopentadienyl ligands and two chlorides coordinated
to niobium in the oxidation state IV. Chlorides and the centroids of the n°-bonded cyclopentadienyl rings define a distorted
tetrahedron. The cytotoxicity study has demonstrated that substitution with methoxybenzyl groups can lead to highly active
species, but the activity strongly varies with the number and positions of the methoxy groups in the benzene ring. The most
active species under study - {2,4-(MeO),CcHsCH,CsH,},NbCl, - has a maximal inhibitory concentration value comparable with

cisplatin. Copyright © 2014 John Wiley & Sons, Ltd.
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Introduction

Metallocene dichloride complexes Cp,MCl, (Cp:nS-CSHS; M=
group 4-6 metal) are under comprehensive scrutiny since
the cytostatic activity of Cp,TiCl, was discovered in 1979."
The early stage of the investigation has shown that
metallocene compounds of titanium, vanadium, niobium and
molybdenum are highly active toward various tumor cell lines,
whereas compounds of the other group 4-6 metals have con-
siderably lower activity or are inactive” In the last decade,
several approaches were utilized for modification of
metallocene compounds that led to improvement of their
properties relevant to biological applications.** Metallocene
complexes were encapsulated into the cavity of the cyclodex-
trin molecule, which considerably enhanced their water solu-
bility.>® A similar effect can be gained by exchange of
chloride ligands.”~"" Nevertheless, the exchange of chloride
ligands usually does not improve cytotoxicity much because
the putative active metallocene species [CpoM]** is not
changed."? One of few examples, where this approach leads
to highly cytotoxic compounds, was published recently.
Vanadocene complex bearing 5-amino-1,10-phenanthroline
[Cp,V(5-NHy-phen)][OTf], is about 20 times more active
toward leukemia cells (MOLT-4) than the parent dichloride
species (Cp,VCl,) as a result of the higher stability in aqueous
media.l"®! Another promising approach for design of the highly
active metallocene species involves modification of the
[Cp,MI** moiety through substitution in the cyclopentadienyl
rings. Hence various metallocene species bearing ester,
aminoalkyl, aminobenzyl and methoxybenzyl groups in the
cyclopentadienyl rings were found to be active toward several
cisplatin-resistant tumor cell lines.!"4-2°]

This work follows our recent study on ring-functionalized
niobocene compounds. We have observed that parent
(CpaNbCl,) exhibits only medium activity toward MOLT-4
and highly active niobocene species are yet to be generated,
since substitution with ester groups led to minor

improvements only.'®! The aim of this work is to evaluate
methoxyethyl-, methoxybenzyl-, aminoalkyl-, aminobenzyl-
and fluorobenzyl- substituents in an attempt to find highly
cytotoxic niobocene complexes that might be suitable for
future biological investigation.

Results and Discussion
Preparation and Characterization of Niobocene Compounds

Ring-substituted niobocene dichlorides were synthesized from
appropriately substituted cyclopentadienes or fulvenes (Schemes 1
and 2). The starting cyclopentadienes 1 and 2 were prepared from
sodium cyclopentadienide and functionalized ethyl chloride
according to published procedures?®?”! The condensation of
substituted benzaldehyde with cyclopentadiene in the presence
of pyrrolidine as base was used for synthesis of starting fulvenes
3-11.1%%) Deprotonation of cyclopentadienes 1 and 2 with n-BuLi
followed by addition of NbCl4(THF), produces niobocene
dichloride complexes (MeOCH,CH,CsH4),NbCl, (12) and {(CH,)
sNCH,CH,CsH,1LNbCl, (13), respectively (Scheme 1).
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Scheme 1. Synthesis of niobocene dichlorides 12 and 13.

The reaction of NbCI,(THF), with substituted lithium
cyclopentadienide was also used for synthesis of benzyl-
substituted niobocene dichloride complexes (RCH,CsH4),NbCl,
(14-22) (see Scheme 2). The starting benzyl-substituted
cyclopentadienides were prepared in situ by hydrolithiation of
phenyl-substituted fulvenes 3-11.

All reported niobocene complexes (12-22) were characterized
by electron paramagnetic resonance (EPR) spectroscopy. These
spectra were measured in dichloromethane and show the
expected ten-line hyperfine coupling (HFC) corresponding to
the nuclear spin value of 2>Nb (/=9/2, 100%; see Fig. 1). Isotropic
HFC constants and isotropic g-factors of compounds 12-22 are
listed in Table 1. The reported ring-functionalized niobocene
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Scheme 2. Synthesis of niobocene dichlorides 14-22.
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Figure 1. EPR spectrum of compound 17 in CH,Cl, (v=9.4172 GHz).

Table 1. Isotropic HFC constants (10* ecm™) and isotropic g-factors
of niobocene complexes

|Aiso| Fiso
Cp,NbCl,? 107.4 1.979
12 104.8 1.980
13 105.6 1.980
14 105.0 1.981
15 105.5 1.981
16 105.5 1.981
17 105.1 1.981
18 105.4 1.982
19 105.3 1.981
20 105.2 1.981
21 105.9 1.981
22 105.5 1.980
?Data reported in literature.'®!

dichlorides show only slightly lower values of isotropic HFC
constants (|Aiso| =104.8-105.9x107* cm™") and slightly higher
isotropic  g-factors (giso=1.980-1.982) than observed for
unsubstituted niobocene dichloride (|Aiso|=107.4x10"% cm™',
Giso = 1.979)."% This reveals that this substitution pattern has only
negligible effect on delocalization of the unpaired electron that

occupies the antibonding orbital of the Nb—Cl bonds.”*”’

X-Ray Structures of Compounds 12, 14 and 17

Structures of 12, 14 and 17 were determined by single-crystal X-
ray diffraction analysis. Molecular structures of these complexes
are shown in Figs. 2-4, and selected bond lengths and bond
angles describing the coordination sphere of the central metal
are summarized in Table 2. The molecules of 12 and 14 are C,
symmetric, whereas 17 belongs to the C, point group. Com-
plexes 12, 14 and 17 have typical bent metallocene structure
with two cyclopentadienyl ligands and two chlorides coordinated
to niobium in the oxidation state IV. Chlorides and the centroids
of the n°-bonded cyclopentadienyl rings make a distorted tetra-
hedron around central metal. The bond distances Nb—Cg(Cp)
and Nb—Cl are in the narrow range 2.081(2)-2.094(2) A and
2.456(2)-2.473(2) A, respectively. Bond angles Cg(Cp)—Nb—Cg
(Cp) and Cl—Nb—Cl were found to be in range 131.8(1)-132.6(1)°
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Figure 2. Molecular structure of (MeOCH,CH,CsH,4),NbCl, (12) showing
the labeling scheme for all non-hydrogen atoms. Anisotropic displace-
ment ellipsoids are drawn at the 30% probability level. Unlabeled atoms
are related by symmetry operation: —x; —y, V2 +z.

Figure 3. Molecular structure of (2-MeOCgH4CH,CsH,4),NbCl, (14) show-
ing the labeling scheme for all non-hydrogen atoms. Anisotropic displace-
ment ellipsoids are drawn at the 30% probability level. Unlabeled atoms
are related by symmetry operation: 2 —x; —y, V2 +z.

and 86.0(1)-86.8(1)°, respectively. The reported geometric
parameters for the substituted niobocene species are in line with
values previously reported for unsubstituted counterpart
Cp,NbCl,.2%

Figure 4. Molecular structure of {2,4-(Me0),CgH3CH,CsH,},NbCl, (17),
showing the labeling scheme for all non-hydrogen atoms. Anisotropic dis-
placement ellipsoids are drawn at the 30% probability level. Unlabeled
atoms are related by symmetry operation: —x; y, V> — z.

Cytotoxicity Studies of Niobocene Complexes

Cytotoxic effects of 12-22 were evaluated on human T-lympho-
cytic leukemia cells MOLT-4 in exponential growth phase, 24 h
after the incubation with the cytostatic drugs. Table 3 summa-
rizes the half-maximal inhibitory concentration values (ICs)
obtained from the standard WST-1 viability assays.>"! The com-
pounds under study show solubility in water. Nevertheless, stan-
dard protocol including dissolution in DMSO followed by dilution
with cultivation medium enabled examination of cytotoxicity up
to a concentration of 150 um.

The cytotoxicity of the niobocene compounds under study
varies in a wide range from highly active species to almost
inactive. Medium to high activity was observed in the case of
methoxybenzyl-substituted compounds 16, 17 and 20 (ICso = 14—
46 um; see Fig. 5). These species have similar or higher activity
than unsubstituted niobocene dichloride. Compounds 13-15
show considerably lower cytotoxicity (ICso=59-80 um) and

wileyonlinelibrary.com/journal/aoc

Copyright © 2014 John Wiley & Sons, Ltd.

Appl. Organometal. Chem. 2014, 28, 252-258



Ring-functionalized niobocene complexes

Applied .
Organometallic
Chemistry

Table 2. Structural parameters (A, °) of niobocene compounds, describing the coordination around the metal
Nb—Cg; Nb—Cg, Nb—Cl, Nb—Cl, Cg;—Nb—Cg, Cl;—Nb—Cl,
Cp,NbCl,? 2.085 2.090 2.468(4) 2.476(3) 131.6 85.5(0.1)
2.092 2.087 2.464(5) 2.475(4) 132.1 85.7(0.2)
12 2.0903(19) 2.0906(19) 2.4614(12) 2.4732(14) 132.48(8) 86.04(5)
14 2.0814(16) 2.0815(16) 2.4689(15) 2.4658(15) 131.84(7) 86.12(5)
17 2.094(2) 2.094(2) 2.4562(18) 2.4562(18) 132.62(10) 86.82(6)
Data reported in the literature.*”

Table 3. Cytotoxicity of the metallocene complexes toward MOLT-4
cells expressed as the ICso values (um)

ICso ICso
Cp,NbCl,? 49+5 18 >150
12 >150 19 >150
13 63+4 20 3242
14 80+5 21 >150
15 59+8 22 >150
16 46 +4 Cp,VCl,P 70+7
17 14+1  (4-MeOCgH4CH,CsH,),VCl,P 11+7

Data reported in the literature.!"®

PData reported in the literature.??

compounds 12, 18, 19, 21 and 22 are almost inactive (ICso > 150
uw). Differences in activity of the ring-substituted niobocene
compounds reflect the modification of putative active niobocene
species [Cp’>Nb]?*, although there is no simple relation between
the structure of the niobocene compound and its cytotoxicity; in
particular, substitution patterns bearing methoxy groups in the
benzyl substituent seem to be very effective. One could expect
high cytotoxicity for 4-methoxybenzyl-substituted compound
16, based on literature data published for related titanium,™
vanadium®*?* and molybdenum complexes® (e.g. data
reported for vanadocene analogues; see Table 3). However, this
substitution pattern brings only minor improvement for
niobocene dichloride. A considerable increase in cytotoxicity is
observed for 2,4-dimethoxybenzyl-substituted compound 17.

Normalised Cell Viability

1 10 100
Drug Concentration (uM)

Figure 5. Cytotoxicity curves showing the effect of the compounds 16,
17 and 20 on the viability of the leukemia cells MOLT-4.

Hence this compound is about three times more active than
unsubstituted niobocene dichloride.

Conclusions

This study demonstrates that the standard protocol for niobocene
dichloride, starting from solvate of niobium tetrachloride, is compat-
ible with the presence of various functional groups in the
cyclopentadienyl ring. The newly synthesized derivatives cover sev-
eral substitution patterns as previously successfully used for design
of the highly cytotoxic titanocene, vanadocene and molybdenocene
species. The cytotoxicity study proves that substitution with
methoxybenzyl groups can lead to highly active species. The de-
tailed study on various methoxybenzyl compounds has shown that
their activity strongly varies with number and position of the
methoxy groups in the benzene ring. The highest cytotoxic effect
was detected at the derivative bearing 2,4-dimethoxybenzyl groups
(17). The IC5q value of this compound was found to be about three
times lower than observed for unsubstituted niobocene dichloride
and comparable with cisplatin (15.8+ 1.9 um)."*!

Experimental
Methods and Materials

All operations were performed under nitrogen using conventional
Schlenk-line techniques. The solvents were purified and dried by
standard methods.>? Methoxyethylcyclopentadiene (1), piperi-
dinoethylcyclopentadine (2),*” 6-(2'-methoxyphenyl)fulvene (3),%%
6-(3-methoxyphenyl)fulvene (4),*¥ 6-(4-methoxyphenyl)fulvene
(5,24 6-(2' 4-dimethoxyphenyl)fulvene (6),** 6-(3',4"-dimethoxy-
phenyl)fulvene (7),2¥ 6-(2'4' 6-trimethoxyphenyl)fulvene (8),1*¥
6-(3'4",5"-trimethoxyphenyl)fulvene (9),°* 6-(4-dimethylamino-
phenylfulvene (11)®% and NbCI,(THF),®”" were prepared
according to literature procedures. The other starting materials
were available commercially (Sigma-Aldrich or Acros Organics).
EPR spectra were recorded on Miniscope MS 300 spectrometers
at X-band at ambient temperature.

Synthesis of Ligand Precursor
Preparation of 6-(4“fluorophenyl)fulvene (10)

Pyrrolidine (9 ml, 110 mmol) was added dropwise to the mixture
of freshly monomerized cyclopentadiene (15 ml, 179 mmol) and
4-fluorobenzaldehyde (10.3 g, 69 mmol) in methanol (150 ml).
After addition, the solution was stirred at room temperature for
1 h and then acetic acid (6 ml, 105 mmol) was added. The reac-
tion mixture was treated with water. The dark-red solid was
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Table 4. Crystallographic data for niobocene compounds 12, 14 and 17
Compound 12 14 17
Formula Ci6H25Cl,NbO, Cy6H56CILNbO, CygH30Cl,NbO,
Mol. wt 410.15 534.28 594.33
Cryst. syst. Orthorhombic Orthorhombic Monoclinic
Space group Cmc2, (No. 36) Pnma (No. 62) C2/c (No. 15)
a R 19.4502(6) 14.5240(7) 27.8663(6)
b (A) 7.2050(3) 21.9711(9) 6.7130(2)
c(A) 11.5434(6) 6.9961(17) 17.2082(4)
£ 920 920 125.331(3)
Z 4 4 4
u (mm™) 1.075 0.800 0.694
D, (g cm ) 1.684 1.590 1.503
Crystal size (mm) 0.17x0.19%0.25 0.19x0.21%x0.29 0.19x0.26 x0.33
6 range (°) 3.0-27.5 1.9-29.5 24-27.5
No. of reflections measured 6602 18 661 8333
No. of unique reflections; Ri.c 1840, 0.090 3151, 0.092 2969, 0.038
No. of observed reflections [/ > 20(/)] 1782 2402 2516
No. of parameters 100 145 159
bAll data 1.14 1.10 125
R, wR? 0.038, 0.089 0.046, 0.100 0.057,0.132
Ap, max., min. (e A73) 0.51, —0.73 0.62, —0.63 0.96, —0.44

filtered off and purified by Soxhlet extraction with pentane. Yield
10.2 g (59 mmol, 86%); red powder. Analytical and spectroscopic
data are in agreement with literature values.>®!

Synthesis of Niobocene Complexes
Preparation of (MeOCH,CH,CsH,),NbCl, (12)

Methoxyethylcyclopentadiene (1; 0.29 g, 234 mmol) was
dissolved in THF (10 ml), treated dropwise with 1.6 m solution of
n-BuLi (1.50 ml, 240 mmol) in hexane and stirred overnight.
The solution of substituted cyclopentadienide was added to the
suspension of NbCl4(THF), (0.42 g, 1.12 mmol) in THF (10 ml)
pre-cooled at 0°C. The reaction mixture was stirred overnight.
The volatiles were evaporated under vacuum. The crude product
was dissolved in dichloromethane (10 ml) and filtered over a
thin pad of celite. The filtrate was treated with hexane (20 ml)
and the formed precipitate was decanted, washed with diethyl
ether (3x10 ml) and vacuum dried. Yield 0.33 g (0.80 mmol,
71%); brown powder. Anal. Calcd for CygH,,Cl,NbO,: C 46.85; H
541. Found: C 46.69; H 5.28. EPR(CH,CL,): giso=1.980, |Aiso|=1134
G. Single crystals of 12 suitable for X-ray analysis were obtained by
careful layering of the CH,Cl, solution with a double volume of
hexane.

Preparation of {(CH,)sNCH,CH>CsH,},NbCl, (13)

The steps of synthesis followed the procedure for compound 12.
Reagents: NbCl4(THF), (0.72 g, 1.90 mmol), piperidinoethyl-
cyclopentadine (2; 0.68 g, 3.84 mmol) and n-BuLi (2.5 ml, 4.00
mmol). Yield: 0.61 g (1.18 mmol, 62%); brown powder. Anal. Calcd
for C54H36CI,N5Nb: € 55.83; H 7.03; N 5.43. Found: C 55.67; H 7.19;
N 5.51. EPR(CH,Cl,): giso = 1.980, |Aiso| =114.3 G.

Preparation of (2-MeOCgH,CH,CsH,),NbCl, (14)

A Schlenk flask was treated with a 1 m solution of Super-Hydride
(4.60 ml, 4.60 mmol) in THF and solvent was removed under vac-
uum at 90°C during 1 h. 6-(2'-Methoxyphenyl)fulvene (3; 0.84 g,

4.57 mmol) was dissolved in diethyl ether (10 ml) added to the
solution of Super-Hydride in diethyl ether. This mixture was
stirred overnight. The white precipitate was decanted, washed
with diethyl ether (3 x5 ml) and vacuum dried. The white solid
was dissolved in THF (10 ml) and added to a suspension of
NbCl,(THF), (0.86 g, 2.27 mmol) in THF (10 ml) pre-cooled at 0 °C.
The reaction mixture was stirred at room temperature overnight.
The solvent was evaporated under vacuum. The crude product
was dissolved in dichloromethane (10 ml) and filtered over short
pad of celite. The filtrate was treated with hexane (20 ml) and
the formed precipitate was decanted, washed with diethyl ether
(3% 10 ml) and vacuum dried. Yield 0.68 g (1.27 mmol, 56%); brown
powder. Anal. Calcd for Cy6H,6CLNDO,: C 58.45; H 4.90. Found: C
58.68; H 5.01. EPR(CH,CL,): giso = 1.981, |Aiso| =113.5 G. Single crys-
tals of 14 suitable for X-ray analysis were obtained by careful
layering of the CH,Cl, solution with a double volume of hexane.

Preparation of (3-MeOCgH,CH>CsH,4)oNbCl, (15)

The steps of synthesis followed the procedure for compound 14.
Reagents: NbCl4(THF), (0.30 g, 0.79 mmol), 6-(3"-methoxyphenyl)
fulvene (4; 0.32 g, 1.74 mmol) and Super-Hydride (1.70 ml, 1.70
mmol). Yield 0.26 g (0.49 mmol, 62%); brown powder. Anal. Calcd
for C56H,6CI.NbO,: C 58.45; H: 4.90. Found: C 58.54; H: 4.71. EPR
(CHyCL): Giso=1.981, |Aiso| = 114.1 G.

Preparation of (4-MeOCgH,CH,CsH,),NbCl, (16)

The steps of synthesis followed the procedure for compound 14.
Reagents: NbCl,(THF), (0.64 g, 1.69 mmol), 6-(4-methoxyphenyl)
fulvene (5; 0.63 g, 3.42 mmol) and Super-Hydride (3.45 ml, 3.45
mmol). Yield 0.58 g (1.09 mmol, 64%); brown powder. Anal. Calcd
for Cy6H56CIbNbO,: C 58.45; H: 4.90. Found: C 58.72; H: 4.69. EPR
(CHzClz): Jiso = 1.981, |Aiso| =114.1 G.

Preparation of {2,4-(MeQ),CsH3CH,CsH4},NbCl, (17)

The steps of synthesis followed the procedure for compound 14. Re-
agents: NbCl,(THF), (0.52 g, 1.37 mmol), 6-(2'4"-dimethoxyphenyl)

wileyonlinelibrary.com/journal/aoc
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fulvene (6; 0.59 g, 2.76 mmol) and Super-Hydride (2.85 ml, 2.85
mmol). Yield 0.48 g (0.81 mmol, 59%); brown powder. Anal. Calcd
for CogH3oClLNDBO,: C 56.58; H: 5.09. Found: C 56.52; H 5.01. EPR
(CH,CLL): giso=1.981, |Aiso|=113.6 G. Single crystals of 17 suitable
for X-ray analysis were obtained by careful layering of the CH,Cl, so-
lution with a double volume of hexane.

Preparation of {3,4-(MeQ),CsH3CH,CsH,},NbCl, (18)

The steps of synthesis followed the procedure for compound 14.
Reagents: NbCl,(THF), (0.63 g, 1.66 mmol), 6-(3'4"-dimetho-
xyphenyl)fulvene (7; 0.76 g, 3.55 mmol) and Super-Hydride
(3.50 ml, 3.50 mmol). Yield 0.52 g (0.88 mmol, 53%); brown
powder. Anal. Calcd for CygH30Cl;NbO,4: C 56.58; H: 5.09. Found:
C 56.32; H: 4.92. EPR(CH,Cl,): giso = 1.982, |Aiso| =113.9 G.

Preparation of {2,4,6-(MeQ);CsH>CH>CsH 4} ,NbCl, (19)

The steps of synthesis followed the procedure for compound 14.
Reagents: NbCl4(THF), (0.76 g, 2.01 mmol), 6-(2'4"6"-trimetho-
xyphenyl)fulvene (8; 0.98 g, 402 mmol) and Super-Hydride
(4.00 ml, 400 mmol). Yield 0.64 g (0.98 mmol, 49%); brown
powder. Anal. Calcd for C5oH34Cl,NbOg: C: 55.06; H: 5.24. Found:
C: 55.14; H: 5.33. EPR(CH,CL,): giso = 1.981, |Aiso| = 113.9 G.

Preparation of {3,4,5-(MeQ)3CsH,CH>CsH,},NbCl, (20)

The steps of synthesis followed the procedure for compound 14.
Reagents: NbCl4(THF), (0.65 g, 1.72 mmol), 6-(3'4',5"-trimetho-
xyphenyl)fulvene (9; 0.84 g, 3.44 mmol) and Super-Hydride
(343 ml, 3.43 mmol). Yield 0.58 g (0.89 mmol, 52%); brown
powder. Anal. Calcd for C3oH34CloNbOg: C 55.06; H 5.24. Found:
C 54.88; H 5.42. EPR(CH,Cly): giso = 1.981, |Aiso| = 113.8 G.

Preparation of (4-FCsH,CH,CsH,),NbCl, (21)

The steps of synthesis followed the procedure for compound 14.
Reagents: NbCl4(THF), (0.56 g, 1.40 mmol), 6-(4'-fluorophenyl)
fulvene (10; 0.53 g, 3.08 mmol) and Super-Hydride (3.10 ml,
3.10 mmol). Yield 0.47 g (0.92 mmol, 66%); brown powder. Anal.
Caled for Cy4H50Cl5F5Nb: C 56.50; H 3.95. Found: C 56.62; H 4.03.
EPR(CH,CL): giso = 1.981, |Aiso| = 114.5 G.

Preparation of (4-Me,NCgH,CH,CsH,),NbCl, (22)

The steps of synthesis followed the procedure for compound 14.
Reagents: NDbCl4(THF), (0.59 g, 1.56 mmol), 6-(4-dimethyl-
aminophenyl)fulvene (11; 0.62 g, 3.16 mmol) and Super-Hydride
(3.20 ml, 3.20 mmol). Yield: 0.50 g (0.90 mmol, 58%). Brown pow-
der. Anal. Calcd for C,gH3,CI,N,Nb: € 60.01; H: 5.76; N 5.00. Found:
C 60.12; H 5.53; N 5.06. EPR(CH,CLy): Giso = 1.980, |Aiso| = 114.1 G.

Cytotoxicity Studies

Studies were performed on human T-lymphocytic leukemia cells
MOLT-4 obtained from the American Type Culture Collection
(USA). The cells were cultured in Iscove’s modified Dulbecco’s
medium supplemented with a 20% fetal calf serum and 0.05%
L-glutamine (all Sigma-Aldrich, USA) in a humidified incubator at
37°C and a controlled 5% CO, atmosphere. The cell lines in the
maximal range of up to 20 passages have been used for this study.

Cytotoxicity of compounds 12-22 was evaluated by the WST-1
cell viability test (Roche, Germany) according to manufacturer’s
instructions. The assay is based on the reduction of WST-1 (4-[3-
(4-lodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene
disulfonate) by viable cells. The reaction produces a colored solu-
ble formazan salt. Absorbance at 440 nm was measured using a

multiplate reader (Tecan Infinite 200). Compounds 12-22 were
dissolved in DMSO and diluted by cultivation medium to desired
concentrations. The MOLT-4 cells were seeded in a 96-well plate,
incubated in solutions of compounds 12-22 for 24 h, then
washed in pure media and incubated for 180 min in WST-1 solu-
tion. The same cells incubated in the cultivation media only were
used as the control.

Crystallography

The X-ray data for crystals of 12, 14 and 17 were obtained at 150 K
using an Oxford Cryostream low-temperature device on a Nonius
KappaCCD diffractometer with Mo-K,, radiation (21=0.71073 A), a
graphite monochromator, and the ¢ and y scan mode. Data re-
ductions were performed with DENZO-SMN.”*! Absorption was
corrected by integration methods.™” Structures were solved by
direct methods (SIR92)™" and refined by full-matrix least squares
based on F? (SHELXL97).*?' Hydrogen atoms were mostly local-
ized on a difference Fourier map; however, to ensure uniformity
of treatment of crystal, all hydrogens were recalculated into ideal-
ized positions (riding model) and assigned temperature factors
Hiso(H) =1.2 Ugq (pivot atom) or 1.5 Ueq (methyl). The absolute
structure of 12 was determined according to standard Flack pro-
cedures.*¥! Crystallographic data are summarized in Table 4.
Figs. 2-4 were drawn using PLATON.*4
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