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ABSTRACT
The synthesis of novel 6-chloro/morpholino/amino/-9-sulfonyl-
purine derivatives was accomplished in two ways, either (i)
involving the condensation reaction of 6-chloropurine with
commercially available arylsulfonyl chlorides in acetone and
the presence of aqueous KOH at 0 �C, followed by the substi-
tution of C6-chlorine with morpholine, or (ii) employing a
reversed synthetic approach where 6-morpholinopurine and
commercially available adenine bases were reacted with the
corresponding alkyl, 2-arylethene and arylsulfonyl chlorides
giving the N9 sulfonylated products, the latter particularly
used where prior nonselective sulfonylation was observed. In
both approaches, the sulfonylation reaction occurred regiose-
lectively at the purine N9 position lacking any concurrent N7
derivatives, except in the case of a smaller methyl substituent
on SO2 and the free amino group at C6 of the purine ring.
The tautomeric features of initial N9 unsubstituted purines, as
well as stability trends among the prepared N-9-sulfonylpurine
derivates, were investigated using DFT calculations with an
important conclusion that electron-donating C6 substituents
are beneficial for the synthesis as they both promote the pre-
dominance of the desired N9 tautomers and help to assure
the stability of the final products. The newly synthesized 6-
morpholino and 6-amino-9-sulfonylpurine derivatives showed
antiproliferative activity on human carcinoma, lymphoma, and
leukemia cells. Among the tested compounds, 6-morpholino
17 and 6-amino 22 derivatives, with trans-b-styrenesulfonyl
group attached at the N9 position of purine, proved to be the
most effective antiproliferative agents, causing accumulation
of leukemia cells in subG0 cell cycle phase.
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GRAPHICAL ABSTRACT

1. Introduction

Sulfonamides represent an important class of molecules possessing diverse
biological activities. They are powerful antimicrobial drugs,[1,2] carbonic
anhydrase inhibitors,[3–5] antithyroid agents,[6] antitumor drugs,[7–9] and
protease[10,11] inhibitors. Previously, we have synthesized novel pyrimidine
nucleobase derivatives containing a sulfonamide pharmacophore by attach-
ing the sulfonyl fragment onto the N1 of pyrimidine bases.[12–14] Obtained
N-1-sulfonylpyrimidine derivatives showed in vitro[15–17] and in vivo[18–20]

potent antitumor activity. These compounds inhibit DNA, RNA, and pro-
tein synthesis and some of them showed the ability to induce apoptosis in
treated tumor cells.[15,21] Inspired by interesting biological results with N-1-
sulfonylpirimidine derivatives, we decided to expand our investigation to
N-9-sulfonylpurine derivatives.
Purines are an important class of biologically active compounds and

many of the clinically used antitumor drugs consist of a modified purine
core. Some of the most prominent ones are 6-mercaptopurine and 6-tio-
guanine,[22] azathioprine,[23] fludarabine,[24] pentostatin,[25] and cladri-
bine.[26] Guanosine analogs, like acyclovir, ganciclovir, and penciclovir, are
one of the most well-known antiviral drugs.[27–29] Since purine analogs
make one of the key components in various cellular processes[30–32] it is
reasonable to assume that modified purines present an exciting target for
biological evaluations.
N-9-Sulfonylpurine derivatives have received minimal attention in the lit-

erature. Martirosyan et al.[33] reported the preparation of N-9-tosyladenine
and Zemlicka et al.[34] obtained the same compound in the reaction of
adenallene with p-toluenesulfonyl chloride as an unexpected product. We
also investigated tosylation and mesylation reactions of adenine.[35] It was
found that at room temperature sulfonylation can be performed
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regioselectively at the N9 position of adenine using 2 equivalents of
sulfonyl chloride in pyridine. Supuran et al.[36] synthesized a series of 9-sul-
fonylated/sulfenylated-6-mercaptopurines by the reaction of 6-mercaptopur-
ine with sulfonyl/sulfenyl halides in acetone and aqueous KOH, as potent
antimycobacterial agents possessing MIC values against Mycobacterium
tuberculosis. Inspired by these results Gundersen and co-workers[37]

reported the synthesis of 6-furyl-9-sulfonylpurine derivatives applying the
same set of reaction conditions as reported for the sulfonylation of 6-mer-
captopurine. In both cases, the sulfonylation reaction occurred only at the
N9 atom, without the concurrent N7 sulfonylation. 6-Phenyl-9-sulfonylpur-
ine analogs,[38] N-6-(4-trifluoromethylphenyl)-piperazine derivative and its
9-(p-toluenesulfonyl)/9-cyclopentyl analogs[39] showed promising cyto-
toxic activities.
In this paper, we report on the development of a novel class of poten-

tially active compounds, combining the chemistry of purine nucleobases
and sulfonamides. The compounds were synthesized by the transformation
of new 6-chloro-9-sulfonyl purine derivatives into the appropriate 6-mor-
pholino derivatives or by sulfonylation of adenine and 6-morpholinopurine
with sulfonyl chlorides. Further on, the computational study was performed
to determine the influence of different C6 substituents on the tautomeric
features of the starting N9 unsubstituted systems as well as on the stability
of the final N-9-sulfonylpurine products. The prepared 6-morpholino and
6-amino-9-sulfonylpurine derivatives were tested on their biological activity
on normal human fibroblast cell line and a panel of human tumor
cell lines.

2. Results and discussion

2.1. Synthesis

It is known that N9 substituted derivatives of 6-chloropurine exhibit cyto-
toxic[40] and antiviral[41] properties, and can also be transformed into dif-
ferent C6 substituted[42] derivatives. In order to have an easy access to
varying substituents at the C6 position of the purine base, we decided to
investigate the condensation reactions of 6-chloropurine 1 with commer-
cially available alkyl, 2-arylethene and arylsulfonyl chlorides (Table 1) that
were previously associated with the biological activity, especially antitumor
activity.[14,15,43–47] It is also well known that the alkylation of purine nucle-
obase under basic conditions in most cases result in a mixture of regioiso-
meric N-7- and N-9-alkylpurines.[48,49] The desired N9 substituted
compound is usually the major product, but significant amounts of N7 iso-
mers are often observed as well as other alkylation products. Therefore,
when investigating the most advantageous method of obtaining N-9-
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Table 1. Condensation of 6-chloropurine 1 with sulfonyl chlorides and synthesis of 6-chloro-N-
9-sulfonypurines 2-7.

aYields of analytically pure products.
bThe product decomposes during isolation.
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sulfunylpurine, special attention is paid to the identification of possible N7
isomer. The rationalization of the tautomeric properties of the derivatives
studied here is performed using computational DFT methods (see later).
Initially, we attempted the sulfonylation of 6-chloropurine 1 with tosyl

chloride, following our procedure for regioselective tosylation and mesyla-
tion of adenine.[35] The condensation of 6-chloropurine 1 with tosyl chlor-
ide in the presence of pyridine at room temperature was not successful and
only the starting material was isolated. The same result was obtained by
using copper oxide which proved to be a very efficient catalyst for the syn-
thesis of sulfonamides and sulfonic esters using different substrates such as
amines, alcohols, phenols.[50] Wong et al.[51] reported the successful N9
alkylation of purine ring with the assistance of tetrabutylammonium fluo-
ride (TBAF). With this method, the sulfonylated product 2 was obtained in
a poor (5%) yield. Subsequently, we investigated the use of KOH as the
strong base, which might lead to the deprotonated purine at the N9 posi-
tion, and then to allow the condensation with tosyl chloride. 6-Chloro-9-
tosyl-9H-purine 2 was obtained by Supuran method[36] for the N-sulfonyla-
tion of 6-mercaptopurine (Table 1, entry 1). Suspension of 6-chloropurine
1 in acetone was treated with aqueous KOH, and the resulting solution was
cooled to 0 �C and treated with tosyl chloride. The N-9-tosyl product 2 was
obtained in 64% yield, as the single product according to the 1H NMR
spectrum of the crude product. The 1H NMR spectrum of 9-tosyl product
2 displayed two important signals at d 9.13 and 8.90 ppm assignable to H-2
and H-8 of the purine base, respectively. The signals are shifted downfield
(DdH-2 ¼ 0.41 and DdH-8 ¼ 0.23 ppm), compared to chemical shifts of the
corresponding protons in the free 6-chloropurine 1 (Supplemental material
Fig. S1). The H-8 and H-2 assignments were confirmed by carbon-proton
connectivity in the 2D HMQC spectra (Supplemental material Fig. S4).
Additionally, in the NOESY spectrum of 2, the NOE interaction between
the phenyl ortho (Ts-b) protons and H-8 supported the assignment of H-8
and also anti-orientation of the tosyl substituent at N9 (Supplemental
material Fig. S5). Using the latter reaction conditions with commercially
available 2-arylethene and arylsulfonyl chlorides, the respective N-9-sulfo-
nylated products 3-7 were obtained in very good (50-77%) yields (Table 1,
entries 2-6).
All 6-chloro-9-sulfonyl derivatives 2-7 were obtained as white crystals,

and they were stable for more than a month at room temperature.
However, we have soon noticed that 2-7 were not stable in DMSO solution.
After 6-18 hours standing at room temperature, the decomposition prod-
ucts were observed. The NMR spectra were consistent with the cleavage of
the N-SO2 bond and the formation of free 6-chloropurine 1 and the corre-
sponding aryl sulfonic acid, caused by water commonly present as a trace
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impurity in the deuterated DMSO (Supplemental material Fig. S6).
Furthermore, in the reaction of 6-chloropurine 1 with mesyl chloride, the
product was detected by thin layer chromatography. However, it was not
possible to isolate the 6-chloro-9-mesylated purine from the reaction mix-
ture due to the instability of the compound (Table 1, entry 7).
Our previous work[35] showed that the N-9-sulfonyladenine derivatives

were relatively stable in solutions and therefore we decided to replace
chlorine with amino group and morpholine, whose ring is an integral part
of many biologically active compounds.[52]

Huang et al.[53] published the nucleophilic displacement reaction of 6-
chloropurine with various nucleophiles under focused microwave irradia-
tion. For example, 6-morpholino purine was synthesized in excellent 94%
yield, by heating 6-chloropurine 1 at 80 �C with 10 equivalents of morpho-
line. When the tosyl derivative 2 was heated in a microwave reactor with
10 molar excess of morpholine for one minute at 80 �C, 6-morpholinopur-
ine precipitated from the reaction mixture, indicating the instability of the
N-SO2 bond at elevated temperature and the presence of the base. We
investigated the effect of temperature, solvent, reaction time and amount of
morpholine on the relative yields of 6-morpholino-9-tosylpurine 8. The
best yield was obtained when 6-chloro-9-tosylpurine 2 was reacted with a
four-fold molar excess of morpholine in tetrahydrofuran at 0 �C. In this
way, chlorine derivatives 2-5 have been successfully converted to 6-mor-
pholine derivatives 8-11 in 61-93% yields (Table 2).
However, as we expected, with 6-chloro derivatives 6 and 7, the situation

was more complicated. In addition to the chlorine substitution at the C6
position of 6, chlorine on the aromatic ring of the sulfonyl substituent
(activated by the ortho-nitro group) was also substituted (Scheme 1). The
main product, disubstituted morpholino derivative 12 was isolated in 79%
yield. Small amounts of unstable monosubstituted 13 and desired product
14 were also isolated (1-2%).
In the reaction of 7 with morpholine, chlorine substitution on purine

ring and morpholine addition to the double bond of a styrenesulfonyl sub-
stituent were simultaneously obtained (Scheme 2). Derivative 15 was iso-
lated in the yield of 73% as the only product.
Since sulfonylation of 6-chloropurines 6 and 7 failed to yield the desired

6-morpholino products, we have selected a reversed synthetic approach.
First, 6-morpholinopurine 16 was synthesized according to a known proce-
dure.[53] Then, applying the conditions for the synthesis of compounds 2-7,
the morpholine derivatives 14 and 17 were prepared in good yields (Table
3, entry 1 and 2). This synthetic route also provided mesyl derivative 18
(Table 3, entry 3).
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In the 1H NMR spectra of 6-morpholino-N-9-sulfonylpurines (8-11, 14,
17 and 18) as well as dimorpholine derivatives (12 and 15) the signals of
purine protons H-8 and H-2 are slightly shifted upfield (DdH-8 ¼ 0.5 and
DdH-2 ¼ 0.6 ppm), compared to the corresponding 6-chloro derivatives.
The broad singlet at d �4.2 ppm and the broad triplet at d �3.7 ppm corre-
spond to C6 morpholine functionality in monosubstituted derivatives, while
disubstituted derivatives 12 (3.68 and 3.23 ppm) and 15 (3.24� 1.88 ppm)
show additional signals for another morpholine unit. The most striking dif-
ference refers to the signals of purine carbon atoms C-8 and C-2 in 13C
NMR spectra of all morpholine derivatives. The signals of purine C-8 are

Table 2. Substitution of C6-chlorine in 2-7 derivatives with morpholine and the synthesis of 6-
morpholino-N-9-sulfonylpurines 8-11.

aYields of analytically pure products.
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shifted upfield for �7.1 ppm, and C-5 are more shielded for �12.6 ppm,
compared to the corresponding signals of 6-chloro derivatives.
The stability of 6-morpholino-N-9-sulfonylpurines (8-11, 14, 17 and 18),

dimorpholine derivatives (12 and 15), and N-9-sulfonyladenine derivatives
20-22 were investigated by the time-dependent 1H NMR experiments. All
compounds except 15 were stable for at least 4 days.
The time-dependent 1H NMR spectra of compound 15, after 6 hours in

DMSO solution at room temperature, showed the cleavage of N-SO2 bond
and the formation of 6-morpholino purine base 16 and the corresponding
aryl sulfonic acid B (Scheme 4; Supplemental material Figs. S29 and S30).
Interestingly, we have also observed that at elevated temperature (40 �C) in
DMSO/H2O or methanolic solution, the faster reaction was the elimination
of morpholine present in the aryl-N-SO2 moiety, giving solely the prod-
uct 17.
Therefore, we decided to include compound 15 in in vitro experiments,

assuming that, under the conditions of in vitro experiment, 15 will

Scheme 1. The reaction of 6 with morpholine.

Scheme 2. The reaction of 7 with morpholine.

NUCLEOSIDES, NUCLEOTIDES AND NUCLEIC ACIDS 477

https://doi.org/10.1080/15257770.2021.1896001
https://doi.org/10.1080/15257770.2021.1896001


transform rapidly enough into compound 17 and give the corresponding
effects. It was found that 6-morpholinopurine 16 exhibited weak antiproli-
ferative activity. Since a similar activity was obtained for 15 and 17
obtained by a different route, the plausible explanation is that 15 trans-
forms to 17 in the course of in vitro experiment (Supplemental material,
Table S1).
The results of stability experiments show that the purine 6-morpholino/

amino substitution results in the formation of stable N-9-sulfonylpurines.
This fact opens the way toward the preparation of a new series of 6-amino
substituted N-9-sulfonylpurines with increased stability, which is favorable
for in vitro and in vivo screening experiments.

2.2. Computational analysis

Computational DFT analysis was initiated by inspecting the tautomeric
properties of variously C6-substituted purines focusing on the relative
Gibbs free energy differences among the matching N9 and N7 tautomers.
A range of substituents was considered and the calculated DGtaut are

Scheme 3. The condensation reactions of adenine 19 with sulfonyl chlorides.
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presented in Table 4 with an emphasis that negative DGtautvalues signify a
larger stability of the N7 tautomer, while positive DGtaut values indicate
preference of the matching N9 tautomer, the latter being desired for the
further synthetic protocols described here.
The obtained results point to a predominance of the N9 tautomers in a

majority of considered systems, which justifies their successful conversion
into the matching 9-sulfonyl derivatives. In purine (X¼H), the difference
among tautomers is only marginal (0.3 kcal mol�1) and both analogs are
present in solution, which would likely aggravate a direct conversion to the
N9-substituted products. Introduction of the C6-chlorine atom, as in 1, sta-
bilizes the N9 tautomer, making it 1.4 kcal mol�1 more stable than the N7
analogue, thus indicating around 90% prevalence of the former, which is

Table 3. Condensation of 6-morpholinopurine 16 with sulfonyl chlorides and synhesis of 6-
morpholino-N-9-sulfonylpurines 14, 17 and 18.

aYields of analytically pure products.
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beneficial for the synthesis. The replacement of 6-Cl with other halogen
atoms would not considerably change this picture, with a notion that bro-
mine slightly improves the stability of the N9 tautomer, while fluorine
reduces it. However, a much stronger electron-withdrawing –NO2 group
reverses the stability in favor of the N7 tautomer, making it 1.3 kcal mol�1

more stable than the N9 analogue, which would disfavor the subsequent
N9 derivatization and is not recommended for the present purposes.
On the other hand, the introduction of electron-donating 6-amino sub-

stituents significantly improves the stability of the N9 tautomers, which is
desired. Simple –NH2 moiety, as in adenine, already results in 1.9 kcal
mol�1 larger stability of the N9 tautomer, in accordance with earlier
reports.[54] Interestingly, further enhancement of the electron-donating abil-
ity, either by methylation to –NMe2 or by introducing triphenylphospha-
zeno moiety, works toward lowering the difference among tautomers, or
even reversing it in favor of the N7 derivative for the latter by
1.2 kcal mol�1.
Nevertheless, cyclic amines provide a very favorable option for the fol-

lowing N9 derivatization, as all three investigated substituents promote the
stability of N9 tautomer by over 3 kcal mol�1. These results are strongly in
line with experiments reported here and help explaining higher yields of
the prepared 6-morpholino-N-9-sulfonylpurines relative to, for example, 6-

Scheme 4. Transformation of dimorpholine derivative 15 in DMSO/H2O solution at room tem-
perature (mixture A (16)þB) and DMSO/H2O or MeOH solutions at 40 �C (mixture C (17)þD), as
determined by time-dependent 1H NMR spectra.
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chloro analogs. It is worth pointing that potentially replacing the employed
6-morpholino derivative with the analogous 6-piperazine could likely
improve the synthetic outcomes. We note in passing that oxygen and sulfur
substituents position themselves somewhere between halogen- and nitro-
gen-containing groups and their utilization is not recommended. In con-
cluding this section, it should be emphasized that a significant
predominance of the undesired N7 tautomer is observed only when the C6
substituent is either very nucleophilic and contains an excess negative
charge, as with the –NO2 group, or when it involves a very basic moiety, as
with the imino nitrogen in the phosphazeno fragment.[55,56] In both cases,
the stability of the N7 tautomer is favored due to the vicinity of the N7–H
moiety on the C6 substituent, which form favorable hydrogen bonding
interactions that contribute to the stability.
Secondly, we turned our attention to evaluate the stability of the N–SO2

bond in the prepared N-9-sulfonylpurines in order to rationalize the
observed stability trends. For that purpose we calculated the Gibbs free
energy required for the cleavage of the mentioned bond in the N-9-tosyl
derivatives again varying substituents on the C6 position (Table 5). In
doing so, we have considered all three possible N–SO2 bond cleavage

Table 4. Relative stabilities of N9 and N7 tautomers of C6 substituted purines (all values in
kcal mol�1).

X DGtaut X DGtaut
–H 0.3
–F 1.0 –NH2 1.9
–Cl 1.4 –N(Me)2 1.3
–Br 1.8 –N¼ P(Ph)3 –1.2
–NO2 –1.3 –OH 0.9

3.0 –OMe 2.2

3.8 –SH 0.7

3.2 –SMe –0.6
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routes, namely homolytic cleavage that produces two radical species, and
both heterolytic pathways varying positive and negative charges on the
cleaved fragments. In all cases, the heterolytic route was energetically much
more favored and will be considered here (Table 5). Specifically, upon
cleavage, the N-9-tosyl derivatives turn into a negatively charged purine
fragment and the sulfonyl part accommodating an excess positive charge,
being in line with the electronegativity of the bonding nitrogen and sulfur
atoms in the cleaved N–SO2 bond.
In purine (X¼H), the considered N–SO2 bond is moderately stable with

52.1 kcal mol�1 required for its cleavage. In systems containing C6-halogen
atom, the corresponding bond energies are even lower by 2–4 kcal mol�1,
thus indicating a reduced stability. For the C6-chloro derivative, particu-
larly relevant for the present study, this assumes DGbond ¼ 47.8 kcal mol�1,
thus revealing around 3 orders of magnitude lower stability relative to
purine. The lowest stability is calculated for the C6-nitro derivative (DGbond

¼ 44.7 kcal mol�1) and this substitution pattern is not recommended if the
stability of the prepared sulfonylpurines is at stake.
On the other hand, introduced C6-amino substituents significantly

improve the stability. Specifically, a very relevant comparison between
chloro- and morpholino-analogs indicates 7.2 kcal mol�1, or 5 orders of
magnitude, higher stability of the latter system. This notion strongly agrees

Table 5. Calculated heterolytic bond energies (DGbond, in kcal mol�1) for the considered C6
substituted N-9-sulfonylpurines together with related Hammett’s substituent constants.

X DGbond rm rp X DGbond rm rp

–H 52.1 0.00 0.00
–F 48.9 0.34 0.06 –NH2 55.7 –0.16 –0.66
–Cl 47.8 0.37 0.23 –N(Me)2 57.2 –0.16 –0.83
–Br 49.8 0.39 0.23 –N¼ P(Ph)3 59.1 –0.33 –0.77
–NO2 44.7 0.71 0.78 –OH 52.1 0.12 –0.37

55.0 – – –OMe 49.8 0.25 0.15

54.8 – – –SH 51.4 0.12 –0.27

56.0 – – –SMe 51.3 0.15 0.00
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with experimental results reported here and with a demonstrated prolonged
stability of all C6-morpholino prepared derivatives. Additionally, this goes
in line with the fact that C6-amino derivatives should be somewhat even
more stable than analogous morpholino systems, also observed here. Lastly,
as a useful guidance, the obtained results point to a conclusion that replac-
ing C6-amino group with its dimethylamino analogue would provide an
extra 1.5 kcal mol�1 of the stability to such system, and will be considered
in our future synthetic strategies.
The obtained results reveal a trend where, relative to the unsubstituted

purine (X¼H), electron-withdrawing substituents at the position C6 lower
the stability of the N–SO2 bond, whereas their electron-donating analogs
increase it, which is beneficial for our purpose. Such a notion would be in
line with a proposed heterolytic nature of the cleavage process, where the
purine fragment accommodates an excess negative charge. In this context,
it is not surprising that electron-donating groups disfavor such a cleavage,
which results in prolonged stability. To further confirm this conclusion, we
have correlated the calculated DGbond values with the matching Hammett’s
substituent constants,[57] rm and rp, corresponding to the introduced
C6-moieties (Supplemental material Fig. S31). The results reveal a high cor-
relativity (R2 > 0.9) among both sets of data, which (i) confirm resonance
connection between C6 substituents and the N9 position, (ii) validate the
proposed heterolytic cleavage pathway, and (iii) suggest that C6-electron-
donating substituents should be retained in future attempts to prepare N-9-
sulfonylpurines derivatives which will likely assure their stability.

2.3. Biological activity

2.3.1. Antiproliferative activity
Antiproliferative effect of 6-morpholino and 6-amino-9-sulfonylpurine
derivatives (6-morpholino 8-11, 14, 17 and 18; dimorpholine derivatives 12
and 15; adenine derivatives 20-22; in parallel with purine bases 6-morpho-
linopurine 16, adenine 19; and 5-fluorouracil (5-FU), as a standard antitu-
mor drug, were tested on normal (BJ) cells and human tumor cells with
different histological origin such as carcinoma (HeLa, CaCo-2 and NCI-
H358), leukemia (K562, MOLT4) and lymphoma (Raji) cell lines. Obtained
results are given in Table 6 and the Supplemental material (Table S1).
Significant reduced cellular growth driven by 6-morpholino and 6-amino-
9-sulfonylpurine derivatives is apparent against leukemia and lymphoma
cells, with decreased influence on carcinoma cells. N9 unsubstituted purine
bases 6-morpholino purine 16 and adenine 19 did not show a significant
antitumor effect. Within the group of 6-substituted-9-sulfonylpurine
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derivatives, the most efficient derivatives were 15, 17, and 22
(Supplemental material, Table S1).
However, as described by separate NMR experiments (Scheme 4), it was

shown that 15 tend to transform into 17 under the conditions of in vitro
experiments (Supplemental material, Table S1). Hence, the most effective
compound with scaffold based on 6-morpholinopurine was derivative 17
with an IC50 3.4 ± 0.2lmol dm�3 on NCI-H358 cells and IC50 below
24 lmol dm�3 on HeLa and CaCo-2 cells. The prominent inhibitory con-
centration of derivative 17 was achieved on leukemia and lymphoma cell
lines (K562, MOLT 4 and Raji) at a range of applied concentrations
between 1.0 and 1.7 lmol dm�3. As shown in Table 6, derivatives 17 and
22 possessed highly selective activity against leukemia and lymphoma cells
with a selectivity index (SI) between 4.9 and 11. Similar molecules with
morpholino-purine scaffold showed noticeable antiproliferative effects on
tumor cells in vitro as well.[58,59] Within N-9-sulfonyladenine derivatives,
the most effective was derivative 22 with IC50 below 2.4 lmol dm�3 against
leukemia and lymphoma cells and with remarkable selectivity index 10, on
acute lymphoblastic leukemia (MOLT4) cells. A weaker antiproliferative
effect was observed against carcinoma (CaCo-2 and NCI-H358) cells.
The styryl group bounded to the purine scaffold via the sulfonyl group is

a structural link between the most potent derivatives 17 and 22. Since the
significant antitumor potential of compounds with styryl sulfonyl group
has been already demonstrated by heteroaryl styryl sulfone molecules which
induced tumor cell cycle arrest with minimal or no consequences on nor-
mal cells[60] and while derivatives 17 and 22 showed a remarkable effect on
leukemia and lymphoma cells, these derivatives were selected for further
testing on biological effects.
When the cell membrane is compromised lactate dehydrogenase (LDH)

is released into extracellular space and the presence of this enzyme in the
culture medium can be used as a cell death marker. In order to detect the

Table 6. Antiproliferative activities of selected 6-substituted-9-sulfonyl-purine derivatives 17,
22 and 5-FU on human tumor and normal cells.
Compounds: 17 22 5-FU

Cells IC50 (mM) SI IC50 (mM) SI IC50 (mM) SI

Normal BJ 14.3 ± 1.6 15.0 ± 2.6 74.0 ± 3.1 –
Leukemia Lymphoma K562 1.3 ± 0.1 11 2.4 ± 0.4 6.3 9.8 ± 0.5 7.6

MOLT4 1.7 ± 0.9 8.4 1.5 ± 0.8 10 76.3 ± 11.4 -
Raji 2.9 ± 0.4 4.9 2.4 ± 1.0 6.3 >100 -

Carcinoma HeLa 22.3 ± 2.1 – 34.6 ± 8.8 – 8.2 ± 1.9 9.0
CaCo-2 10.6 ± 1.8 1.4 6.6 ± 3.2 2.8 5.9 ± 0.7 12.5
NCI-H358 3.4 ± 0.2 4.2 3.8 ± 0.7 4 8.0 ± 1.1 9.3

The data represents the mean IC50 (mmol dm�3) values ± standard deviation (SD) of three independent experi-
ments; IC50 represents the concentration of tested compound that inhibited cell proliferation by 50%.
Assessment of cell proliferation was analyzed by MTT after incubation of 72 h. SI¼ IC50 for normal cell line, BJ/
IC50 for cancer cell line. 5-FU: 5-Flurouracil.
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ability of derivatives 17 and 22 to induce disruption of cell membrane
integrity of treated K562 and Raji cells, LDH assay was performed after 3,
6, 10 and 24 h of treatment. The results are shown in Fig. 1. Compared to
non-treated cells, a notable increased LDH leak of LDH (40.7 ± 4.2%), as a
sign of the loss of membrane integrity, was observed in K562 cells only
after 24 h of treatment with 5 mM of derivative 22. In comparison to K562
cells, Raji cells were significantly vulnerable to derivatives 17 and 22 and
showed loss of membrane integrity already after 6 h of treatment with
51.2 ± 8.1% and 64.6 ± 8.8%, respectively.

2.3.2. Cell cycle analysis
To clarify the mechanism of treated cells’ growth inhibition we tested
changes in cell cycle progression of K562 and Raji cells after 24 h of treat-
ment with derivatives 17 and 22. As is shown in Table 7 both tested deriv-
atives induced re-distribution in the cell cycle of the treated cells compared
to control untreated cells. Aggregation of cells in the subG0 phase with
noticeable cell reduction in S and G2/M cell cycle phases was observed.
The derivative 17 induced significant reduction of K562 cells (26.6%,
p< 0.001) in S phase and accumulation of cells in G0/G1 (41.6 ± 3.4%) and
G2/M (11.9 ± 0.1%, p< 0.037) phases of the cell cycle. Almost 19% of the
K562 cells were accumulated in the subG0 phase. After treatment with
derivative 17 Raji cells showed reduced percentage of cells in S
(30.3 ± 2.3%, p< 0.051) and G2/M (7.7 ± 0.4%, p< 0.025) phases of the cell
cycle, while more than 28% was accumulated in the subG0 phase.
Derivative 22 induced statistically significant accumulation cells in the

G0/G1 phase of 48.4% (p< 0.026) for K562 and 40.0% (p< 0.009) for Raji
cells. Decreased percentage of Raji and K562 cells in S (> 10%) and G2/M
phases of the cell cycle were observed as well. Similar to the K562 cells
treated by derivative 17, almost 19% of the Raji cells were found to be
accumulated in the subG0 phase. Cells that are dominantly accumulated in

Figure 1. Cytotoxicity of derivatives 17 and 22 on K562 and Raji cells.
Levels of released LDH in the medium were determined after 3, 6, 10, and 24 hours of treat-
ment with 5 mmol dm�3 of selected derivatives. The results represent the mean percentage of
value of three independent experiments ± SD.
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the subG0 phase of the cell cycle have fragmented DNA and represent cells
that have entered the apoptosis.[61] Recently published studies on pyrimi-
dine and purine derivatives have shown that they can regulate the cell cycle
by inhibition of cyclin-dependent kinases (CDKs).[62,63] Mojzych et al.[62]

characterized 8-azopurine and pyrazole[4,3-d]pyrimidines as CDK inhibi-
tors. Furthermore, it has been shown that the purine derivative CYC202
inhibits CDK with the promotion of apoptosis in lung, prostate, breast, and

Table 7. Cell cycle analysis: a) distribution histograms b) respective values for each phase.

(b)
subG0# G0/G1 S G2/M

K562 control 6.3 ± 0.7 32.1 ± 4.4 52.0 ± 2.2 7.8 ± 1.6
17 18.9 ± 0.6 41.6 ± 3.4 26.6 ± 0.6� 11.9 ± 0.1�
22 5.8 ± 0.4 48.4 ± 1.3� 36.0 ± 0.0� 6.2 ± 0.4

Raji control 6.0 ± 1.1 32.1 ± 1.3 43.0 ± 2.7 16.6 ± 2.3
17 28.7 ± 0.9 32.0 ± 1.3 30.3 ± 2.3 7.7 ± 0.4�
22 18.6 ± 0.7 40.0 ± 0.2� 31.4 ± 4.5 9.3 ± 1.9�

Results are shown as: a) distribution histograms b) respective values for each phase. K562 and Raji cells were
treated during 24 h with 1lM of tested derivatives. Cell cycle data were analyzed using Watson (Pragmatic)
model in FloJo software. #subG0 - calculated by manually gating. Statistical significant p value is defined as
p< 0.05 (Dunnett - two sided analysis).
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colon carcinoma as well as in multiple myeloma.[63] Since derivatives 17
and 22 induced significant changes in the cell cycle of the treated cells, fur-
ther research is aimed at the elucidation of their mechanism of action.

3. Conclusions

This paper describes efficient synthetic methods for the preparation of new
6-morpholino/amino-9-sulfonylpurine derivatives with enhanced anticancer
activity. The synthesis of the 6-substituted-9-sulfonylpurine derivative was
carried out in two different ways. The first involves the condensation of 6-
chloropurine with different sulfonyl chlorides in the presence of aqueous
KOH in acetone at 0 �C, resulting in 6-chloro-9-sulfonylpurines 2-7 in
good 50-77% yields. The reactions were regioselective, and the products
were sufficiently stable to be transformed into 6-morpholino-9-sulfonylpur-
ines 8-11 in good yields 61-93%. The second method was used in the case
of nonselective sulfonylation due to the character of the sulfonyl substitu-
ent, or due to the instability of the 6-chloro-9-sulfonyl derivatives. In those
cases 6-morpholinopurine 16 and commercially available adenine 19 bases
were reacted with alkyl, 2-arylethene and arylsulfonyl chlorides in the pres-
ence of aqueous KOH in acetone at 0 �C, giving the 6-morpholino 14, 17,
18, and 6-amino 20-22, 9-sulfonylated products.
Computational analysis convincingly demonstrated that C6 substituted

systems containing electron-donating groups provide much better starting
materials for the synthesis as, unlike electron-withdrawing group, these
substituents promote the predominance of the N9 tautomers and help
assuring the stability of the final products, which should be kept in mind
in future synthetic strategies.
The obtained results of the antiproliferative effect show that the influence

of newly synthesized 6-morpholino and 6-amino-9-sulfonylpurine deriva-
tives depends on the cell type, the chemical structure, as well as the con-
centration applied. Derivatives 17 and 22, which have a styryl group
bounded to the purine scaffold showed a better cytotoxic potential and
selectivity between normal and tumor cells compared to other investigated
newly synthesized compounds. Both derivatives influenced the cell cycle of
treated tumor cells so the accumulation in the S phase is reduced with
noticeable aggregation in the subG0 phase. Observed points to apoptosis as
a mechanism of treated tumor cell death. Further studies are necessary to
determine their mechanism of antitumor action in more details.

4. Experimental

General Information: Solvents were distilled from appropriate drying
agents shortly before use. TLC was carried out on DC-plastikfolien
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Kieselgel 60 F254, and flash column chromatography was performed on
silica gel Merck 0.040–0.063mm, and preparative thick layer (2mm) chro-
matography was done on Merck 60 F254 plates (Merck KGaA, Darmstadt,
Germany). Melting points were determined on a Kofler hot-stage apparatus
and were uncorrected. UV spectra were taken on a Philips PU8700 UV/
VIS spectrophotometer (Philips Analytical, Cambridge, Great Britain). IR
spectra were obtained in KBr pellets on a Perkin-Elmer 297 spectropho-
tometer (Perkin-Elmer, Waltham, MA). NMR spectra were recorded on
AV600 and AV300MHz spectrometers (Bruker BioSpin GmbH,
Rheinstetten, Germany), operating at 150.92 or 75.47MHz for 13C and
600.13 or 300.13MHz for 1H nuclei using DMSO-d6 as the internal stand-
ard. High-resolution mass spectra (HRMS) in the positive mode were
obtained with a Micromass QTof2 hybrid quadrupole time-of-flight mass
spectrometer (Micromass, Cary, NC, USA).
General procedure 1. Synthesis of 6-chloro-N-9-sulfonylpurine derivatives

(2-7), 6-morpholino-N-9-sulfonylpurine derivatives (14, 17, 18), and N-9-sul-
fonyladenine derivatives (20-22) Aqueous potassium hydroxide (c¼ 0.4mol
dm�3, 5mL) was added to a suspension of 6-substituted purine (1mmol;
6-chloropurine 1, 6-morpholinopurine 16, or adenine 19) in acetone
(10mL). The mixture was stirred at room temperature for 20min and then
cooled to 0 �C. Appropriate sulfonyl chloride (1mmol) was added, and the
reaction mixture was stirred at 0 �C for 3 h. The mixture was neutralized
with hydrochloric acid (c¼ 1mol dm�3). The raw product was filtered off,
washed with water, and purified by recrystallization from the mixture of
hot acetone and methanol.
General procedure 2. Synthesis of 6-morpholino-N-9-sulfony-lpurine deriv-

atives (8-11) and dimorpfolino derivatives (12 and 15). A solution of appro-
priate 6-chloro-N-9-sulfonylpurine (1mmol) in tetrahydrofuran (30mL)
was cooled to 0 �C, and morpholine (4mmol) was added. The reaction
mixture was stirred at 0 �C for 3 h. Addition of methanol caused the pre-
cipitation of the morpholino derivative. The product was filtered off,
washed with methanol and then purified by recrystallization from the mix-
ture of hot acetone and methanol.
6-Chloro-9-(4-methylphenylsulfonyl)-9H-purine (2). 6-Chloropurine 1

(250mg, 1.6mmol) and tosyl chloride (305mg, 1.6mmol) were used
according to general procedure 1. The product 2 was isolated as a white
crystalline solid (317mg, 64%). M.p. ¼ 174–175 �C; Rf ¼ 0.8
(CH2Cl2:EtOAc/9:1); UV (MeOH) kmax/nm: 237; log e/dm3 mol�1 cm�1:
4.52; IR (KBr) �max/cm

�1: 3113 (w), 1587 (m), 1553 (m), 1433 (m), 1418
(w), 1387 (s), 1364 (m), 1333 (w), 1190 (s), 1178 (s), 1167 (s), 1140 (m),
1090 (s), 1070 (s); (m) 1H NMR (DMSO-d6) d/ppm: 9.12 (s, 1H, H8), 8.90
(s, 1H, H2), 8.13 (d, J¼ 8.5Hz, 2H, Ar), 7.51 (d, J¼ 8.1Hz, 2H, Ar), 2.38
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(s, 3H, CH3);
13C NMR (DMSO-d6) d/ppm: 153.3 (C2), 150.4 (C4 or C6),

150.1 (C4 or C6), 147.3 (Cq), 144.3 (CH, C8), 132.8 (Cq), 131.6 (C5), 130.4
(CH-Ar), 128.3 (CH-Ar), 21.1 (CH3); (Supplemental material Figs. S2–S5).
HRMS: m/z: 360.1118 [MþH]þ; calculated C16H17N5O3S Hþ: 360.1125.
6-Chloro-9-(naphtalen-2-ylsulfonyl)-9H-purine (3). 6-Chloropurine 1

(250mg, 1.6mmol) and 2-naphtalenesulfonyl chloride (366mg, 1.6mmol,
99%) were used according to general procedure 1. The product 3 was iso-
lated as a white crystalline solid (378mg, 68%). M.p. ¼ 217–219 �C; Rf ¼
0.8 (CH2Cl2:EtOAc/9:1); UV (MeOH) kmax/nm: 236, 265, 280 and 332; log
e/dm3 mol�1 cm�1: 4.70, 3.97, 3.76 and 3.19; IR (KBr) �max/cm

�1: 3111
(m), 3059 (w), 2922 (w), 2854 (w), 1626 (w), 1589 (m), 1560 (s), 1504 (w),
1475 (w), 1435 (m), 1389 (m), 1354 (m), 1236 (w), 1178 (s), 1163 (m),
1132 (m), 1074 (s); 1H NMR (DMSO-d6) d/ppm: 9.22 (s, 1H, H8), 9.02 (d,
J¼ 0.9Hz, 1H, Ar), 8.89 (s, 1H, H2), 8.29 (d, J¼ 8.2Hz, 1H, Ar), 8.22 (d,
J¼ 8.8Hz, 1H, Ar), 8.16 (dd, J¼ 8.8Hz, J¼ 1.8Hz, 1H, Ar), 8.07 (d,
J¼ 8.2Hz, 1H, Ar), 7.80 (t, J¼ 7.4Hz, 1H, Ar), 7.74 (t, J¼ 7.5Hz, 1H, Ar);
13C NMR (DMSO-d6) d/ppm: 153.3 (C2), 150.4 (C4 or C6), 150.2 (C4 or
C6), 144.4 (C8), 135.5 (Cq), 132.6 (Cq), 131.7 (C5), 131.3 (Cq), 131.0 (CH-
Ar), 130.6 (CH-Ar), 130.2 (CH-Ar), 129.9 (CH-Ar), 128.3 (CH-Ar), 128.0
(CH-Ar), 121.9 (CH-Ar); (Supplemental material Figs. S7–S8). HRMS: m/z:
309.0206 [MþH]þ; calculated C12H9ClN4O2S Hþ: 309.0207.
9-[(1,10-Biphenyl)-6-chloro-4-sulfonyl]-9H-purine (4). 6-Chloropurine 1

(250mg, 1.6mmol) and biphenyl-4-sulfonyl chloride (405mg, 1.6mmol,
95%) were used according to general procedure 1. The product 4 was iso-
lated as a white crystalline solid (457mg, 77%). M.p. ¼ 196–197 �C; Rf ¼
0.9 (CH2Cl2:EtOAc/9:1); UV (MeOH) kmax/nm: 270; log e/dm3 mol�1 cm�1:
4.48; IR (KBr) �max/cm

�1: 3117 (w), 1589 (s), 1556 (s), 1481 (w), 1474 (w),
1439 (s), 1391 (s), 1366 (m), 1339 (m), 1232 (w), 1211 (w), 1175 (s), 1144
(m), 1088 (s), 1070 (s), 1005 (w); 1H NMR (DMSO-d6) d/ppm: 9.19 (s, 1H,
H8), 8.94 (s, 1H, H2), 8.39–8.27 (m, 2H, Ar), 8.09–7.93 (m, 2H, Ar), 7.74
(dd, J¼ 8.1 and 1,5Hz, 2H, Ar), 7.58–7.41 (m, 3H, Ar); 13C NMR (DMSO-
d6) d/ppm: 153.5 (C2), 150.5 (C4 or C6), 150.2 (C4 or C6), 147.4 (Cq),
144.5 (C8), 137.7 (Cq), 134.3 (Cq), 131.8 (C5), 129.3 (br, 2xCH-Ar), 129.1
(CH-Ar), 128.2 (CH-Ar), 127.4 (CH-Ar); (Supplemental material Fig. S9).
HRMS: m/z: 371.0359 [MþH]þ; calculated C17H11ClN4O2S Hþ: 371.0364.
9-(4-Bromophenylsulfonyl)-6-chloro-9H-purine (5). 6-Chloropurine 1

(250mg, 1.6mmol) and 4-bromobenzenesulfonyl chloride (411mg,
1.6mmol, 98%) were used according to general procedure 1. The product 5
was isolated as a pale yellow crystalline solid (457mg, 77%). M.p. ¼
193–195 �C; Rf ¼ 0.9 (CH2Cl2: EtOAc/9:1); UV (MeOH) kmax/nm: 242 and
315, log e/dm3 mol�1 cm�1: 4.23 and 3.56; IR (KBr) �max/cm

�1: 3125 (w),
3074 (w), 3009 (w), 1589 (m), 1572 (s), 1556 (s), 1477 (w), 1435 (m), 1394
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(s), 1356 (m), 1192 (m), 1178 (m), 1163 (s), 1144 (m), 1088 (s), 1070 (s),
1007 (w); 1H NMR (DMSO-d6) d/ppm: 9.14 (s, 1H, H8), 8.91 (s, 1H, H2),
8.17 (d, J¼ 8.8Hz, 2H, Ar), 7.95 (d, J¼ 8.9Hz, 2H, Ar); 13C NMR (DMSO-
d6) d/ppm: 153.5 (C2), 150.5 (C4 or C6), 150.3 (C4 or C6), 144.4 (C8),
134.9 (Cq), 133.2 (CH-Ar), 131.8 (C5), 130.7 (Cq), 130.4 (CH-Ar);
(Supplemental material Fig. S10). HRMS: m/z: 372.9158 [MþH]þ; calcu-
lated C13H9ClN4O2S Hþ: 372.9156.
6-Chloro-9-(4-chloro-3-nitrophenylsulfonyl)-9H-purine (6). 6-

Chloropurine 1 (250mg, 1.6mmol) and 4-chloro-3-nitrobenzenesulfonyl
chloride (422mg, 1.6mmol, 98%) were used according to general procedure
1. The product 6 was isolated as a white crystalline solid (399mg, 66%).
M.p. ¼ 204–206 �C; Rf ¼ 0.8 (CH2Cl2:EtOAc/9:1); UV (MeOH) kmax/nm:
225, log e/dm3 mol�1 cm�1: 4.13; IR (KBr) �max/cm

�1: 3132 (m), 3078 (w),
2920 (w), 1589 (s), 1560 (s), 1549 (s), 1479 (w), 1443 (m), 1400 (s), 1362
(s), 1339 (w), 1188 (s), 1161 (m), 1136 (m), 1097 (m), 1074 (s), 1049 (m);
1H NMR (DMSO-d6) d/ppm: 9.13 (s, 1H, H8), 8.93 (s, 1H, H2), 8.89 (d,
J¼ 2.2Hz, 1H, Ar), 8.51 (dd, J¼ 8.7 and 2.2Hz, 1H, Ar), 8.14 (d,
J¼ 8.7Hz, 1H, Ar); 13C NMR (DMSO-d6) d/ppm: 153.5 (C2), 150.5 (C4 or
C6), 150.3 (C4 or C6), 147.6 (Cq), 144.4 (C8), 135.4 (Cq), 133.7 (CH-Ar),
133.2 (CH-Ar), 133.2 (Cq), 131.9 (C5), 126.3 (CH-Ar); (Supplemental mate-
rial Figs. S11–S12). HRMS: m/z: 373.9530 [MþH]þ; calculated
C13H9ClN4O2S Hþ: 373.9512.
(E)-6-Chloro-9-(styrylsulfonyl)-9H-purine (7). 6-Chloropurine 1

(249mg, 1.6mmol) and trans-b-stirenesulfonyl chloride (338mg, 1.6mmol,
97%) were used according to general procedure 1. The product 7 was iso-
lated as a white crystalline solid (373mg, 73%). M.p. ¼ 173–174 �C; Rf ¼
0.8 (CH2Cl2:EtOAc/9:1); UV (MeOH): kmax/nm: 272; log e/dm3

mol�1 cm�1: 4.93; IR (KBr) �max/cm
�1: 3119 (vw), 1610 (m), 1591 (m),

1562 (s), 1472 (w), 1445 (m), 1389 (s), 1339 (m), 1236 (w), 1204 (w), 1171
(s), 1157 (s), 1140 (s), 1072 (s); 1H NMR (DMSO-d6) d/ppm: 9.02 (s, 1H,
H8), 8.92 (s, 1H, H2), 8.13 (d, J¼ 15.3Hz, 1H, CH), 7.81 (d, J¼ 15.3Hz,
1H, CH, overlap with Ar), 7.84–7.73 (m, 2H, Ar, overlap with CH),
7.57–7.42 (m, 3H, Ar); 13C NMR (DMSO-d6) d/ppm: 153.3 (C2), 150.4 (C4
or C6), 150.2 (C4 or C6), 148.3 (CH), 144.6 (C8), 132.4 (CH-Ar or CH),
131.7 (C5), 131.4 (Cq), 129.7 (CH-Ar), 129.1 (CH-Ar), 122.7 (CH-Ar or
CH); (Supplemental material Fig. S13). HRMS: m/z: 321.0215 [MþH]þ;
calculated C13H9ClN4O2S Hþ: 321.0208.
6-Morpholino-9-(4-methylphenylsulfonyl)-9H-purine (8). 6-Chloro-9-(4-

methylphenylsulfonyl)-9H-purine (2) (100mg, 0.3mmol) and morpholine
(105 mL, 1.2mmol, 99%) were used according to general procedure 2. The
product 8 was obtained as a white solid (70mg, 61%). M.p. ¼ 178–180 �C;
Rf ¼ 0.3 (CH2Cl2:EtOAc/9:1); UV (MeOH): kmax/nm 235 and 272 log
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e/dm3 mol�1 cm�1 ¼ 4.80 and 4.88; IR (KBr) �max/cm
�1: 3106 (w), 2959

(w), 2860 (w), 1587 (s), 1560 (m), 1474 (m), 1450 (m), 1383 (m), 1331 (w),
1292 (m), 1184 (m), 1171 (s), 1150 (s), 1115 (s), 1092 (m); 1H NMR
(DMSO-d6) d/ppm: 8.66 (s, 1H, H8), 8.32 (s, 1H, H2), 8.08 (d, J¼ 8.4Hz,
2H, Ar) 7.49 (d, J¼ 8.1Hz, 2H, Ar), 4.14 (brs, 4H, CH2), 3.68 (t,
J¼ 4.8Hz, 4H, CH2), 2.38 (s, 3H, CH3);

13C NMR (DMSO-d6) d/ppm:
153.5 (C2), 153.2 (C4 or C6), 149.4 (C4 or C6), 146.7 (Cq), 137.2 (C8),
133.3 (Cq), 130.3 (CH-Ar), 128.1 (CH-Ar), 119.1 (C5), 66.0 (CH2), 45.3
(CH2), 21.1 (CH3); (Supplemental material Figs. S14–S15). HRMS: m/z:
360.1118 [MþH]þ; calculated C16H17N5O3S Hþ: 360.1125.
6-Morpholino-9-(naphtalen-2-ylsulfonyl)-9H-purine (9). 6-Chloro-9-

(naphtalen-2-ylsulfonyl)-9H-purine (3) (48mg, 0.1mmol) and morpholine
(35 mL, 0.4mmol, 99%) were used according to general procedure 2. The
product 9 was obtained as a white solid (34mg, 61%). M.p. ¼ 198–200 �C;
Rf ¼ 0.4 (CH2Cl2:EtOAc/9:1); UV (MeOH): kmax/nm 238 and 276, log
e/dm3 mol�1 cm�1 4.71 and 4.37; IR (KBr) �max/cm

�1: 3109 (w), 1596 (s),
1560 (w), 1471 (w), 1447 (w), 1384 (m), 1333 (w), 1286 (w), 1252 (m),
1205 (w), 1190 (w), 1151 (s), 1115 (m), 1072 (w); 1H NMR (DMSO-d6)
d/ppm: 8.97 (s, 1H, H8), 8.74 (s, 1H, H2), 8.33–8.15 (m, 3H, Ar), 8.16–8.01
(m, 2H, Ar), 7.85–7.68 (m, 2H,Ar), 4.13 (brs, 4H, CH2), 3.67 (t, J¼ 4.7Hz,
4H, CH2);

13C NMR (DMSO-d6) d/ppm: 153.5 (C2), 153.2 (C4 or C6),
149.5 (C4 or C6), 137.2 (C8), 135.3 (Cq), 133.1 (Cq), 131.3 (Cq), 130.6
(CH-Ar), 130.4 (CH-Ar), 130.1 (CH-Ar), 129.8 (CH-Ar), 128.2 (CH-Ar),
128.0 (CH-Ar), 121.9 (CH-Ar), 119.1 (C5), 65.9 (CH2); (Supplemental
material Fig. S16). HRMS: m/z: 396.1115 [MþH]þ; calculated
C19H17N5O3SH

þ: 396.1125.
9-[(1,10-Biphenyl)-6-morpholino-4-sulfonyl]-9H-purine (10). 9-[(1,10-

Biphenyl)-4-sulfonyl]-6-chloro-9H-purine (4) (32mg, 0.1mmol) and mor-
pholine (32 mL, 0.4mmol, 99%) were used according to general procedure
2. The product 10 was obtained as a white solid (24mg, 63%). M.p. ¼
188–190 �C; Rf ¼ 0.4 (CH2Cl2:EtOAc/9:1); UV (MeOH): kmax/nm: 274, log
e/dm3 mol�1 cm�1 4.64; IR (KBr) �max/cm

�1: 3101 (w), 1589 (s), 1570 (m),
1479 (w), 1393 (w), 1286 (w), 1250 (w), 1169 (m), 11519 (s), 1113 (m); 1H
NMR (DMSO-d6) d/ppm: 8.71 (s, 1H, H8), 8.35 (s, 1H, H2), 8.28 (d,
J¼ 8.7Hz, 2H, Ar), 7.99 (d, J¼ 8.7Hz, 2H, Ar), 7.77–7.70 (m, 2H, Ar),
7.55–7.42 (m, 3H, Ar), 4.15 (brs, 4H, CH2), 3.69 (t, J¼ 4.8Hz, 4H, CH2);
13C NMR (DMSO-d6) d/ppm: 153.6 (C2), 153.2 (C4 or C6), 149.4 (C4 or
C6), 146.9 (Cq), 137.7 (Cq), 137.2 (C8), 134.8 (Cq), 129.1 (CH-Ar), 129.1
(CH-Ar), 128.8 (CH-Ar 127.9 (CH-Ar), 127.2 (CH-Ar), 119.1 (C5), 65.9
(CH2); (Supplemental material Fig. S17). HRMS: m/z: 422.1281 [MþH]þ;
calculated C21H19N5O3SH

þ: 422.1281.
9-(4-Bromphenylsulfonyl)-6-Morpholino-9H-purine (11). 9-(4-

Bromphenylsulfonyl)-6-chloro-9H-purine (5) (100mg, 0.3mmol) and
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morpholine (105 mL, 1.2mmol, 99%) were used according to general proce-
dure 2. The product 11 was obtained as a white solid (105mg, 93%). M.p.
¼ 180–183 �C; Rf ¼ 0.5 (CH2Cl2:EtOAc/9:1); UV (MeOH): kmax/nm: 246
and 272, log e/dm3 mol�1 cm�1: 4.42 and 4.43; IR (KBr) �max/cm

�1: 3105
(w), 3001 (w), 2854 (w), 1589 (s), 1508 (w), 1477 (s), 1450 (s), 1394 (s),
1371 (m), 1327 (m), 1308 (w), 1285 (m), 1248 (s), 1192 (s), 1177 (s), 1161
(s), 1148 (s), 1117 (s), 1088 (m), 1069 (s), 1053 (m), 1009 (m); 1H NMR
(DMSO-d6) d/ppm: 8.67 (s, 1H, H8), 8.32 (s, 1H, H2), 8.13 (d, J¼ 8.7Hz,
2H, Ar), 7.93 (d, J¼ 8.7Hz, 2H, Ar), 4.14 (bs, 4H, CH2), 3.69 (t, J¼ 8.7Hz,
4H, CH2);

13C NMR (DMSO-d6) d/ppm: 153.6 (C2), 153.2 (C4 or C6),
149.4 (C4 or C6), 137.1 (C8), 135.4 (Cq), 133.0 (CH-Ar), 130.1 (CH-Ar),
119.0 (C5), 65.9 (CH2); (Supplemental material Fig. S18). HRMS: m/z:
424.0072 [MþH]þ; calculated C15H14BrN5O3SH

þ: 424.0073.
6-Morpholino-9-(4-morpholino-3-nitrophenylsulfonyl)-9H-purine (12).

6-Chloro-9-(4-chloro-3-nitrophenylsulfonyl)-9H-purine (6) (100mg,
0.3mmol), morpholine (105 mL, 1.2mmol, 99%) were used according to
general procedure 2. The raw mixture was filtered off and purified by prep-
arative chromatography (CH2Cl2/CH3OH 9:1) to give the product 12 as a
yellow solid (100mg, 79%), and 13 and 14 were isolated as traces (1-2%).
Product 12: m.p. ¼ 185–190 �C; Rf ¼ 0.2 (CH2Cl2:EtOAc/9:1); UV
(MeOH): kmax/nm: 274 and 304, log e/dm3 mol�1 cm�1: 4.32 and 4.22; IR
(KBr) �max/cm

�1: 3105 (w), 3001 (w), 2854 (w), 1593 (s), 1518 (m), 1477
(w), 1450 (w), 1389 (s), 1348 (w), 1281 (w), 1250 (m), 1180 (s), 1155 (s),
1115 (s), 1043 (w); 1H NMR (DMSO-d6) d/ppm: 8.63 (s, 1H, H8), 8.58 (d,
J¼ 2.4Hz, 1H, Ar), 8.34 (s, 1H, H2), 8.20 (dd, J¼ 2.4 and 9.2Hz, 1H, Ar),
7.47 (d, J¼ 9.2Hz, 1H, Ar), 4.15 (bs, 4H, CH2), 3.68 (m, 8H, CH2), 3.23
(m, 4H, CH2);

13C NMR (DMSO-d6) d/ppm: 153.5 (C2), 153.2 (C4 or C6),
149.3 (C4 or C6), 148.8 (Cq), 137.1 (C8), 137.1 (Cq), 132.5 (CH-Ar), 128.5
(CH-Ar), 123.5 (Cq), 120.6 (CH-Ar), 119.1 (C5), 66.0 (CH2), 65.5 (CH2),
50.0 (CH2); (Supplemental material Fig. S19). HRMS: m/z: 476.1349
[MþH]þ; calculated C19H21N7O6SH

þ: 476.1347.
6-Chloro-9-(4-morpholino-3-nitrophenylsulfonyl)-9H-purine (13).

Compound 13 was isolated as a by-product (1-2%) in the reaction of mor-
pholine and 6-chloro-9-(4-chloro-3-nitrophenylsulfonyl)-9H-purine (6)
according to general procedure 2. Yellow solid, m.p. ¼ 145–147 �C; Rf ¼
0.4 (CH2Cl2: EtOAc/9:1); UV (MeOH): kmax/nm: 257, log
e/dm3mol�1cm�1: 4.19; IR (KBr) kmax/cm

�1: 3443 (s), 1605 (m), 1385 (m),
1350 (w), 1263 (w), 1236 (w), 1169 (m), 1115 (s); 1H NMR (DMSO-d6)
d/ppm: 9.09 (s, 1H, H8), 8.92 (s, 1H, H2), 8.59 (d, J¼ 2.3Hz, 1H, Ar), 8.22
(dd, J¼ 9.2 and 2.3Hz, 1H, Ar), 7.49 (d, J¼ 9.2Hz, 1H, Ar), 3.74–3.57 (m,
4H, CH2), 3.25–3.15 (m, 4H, CH2); (Supplemental material Fig. S20). 13C
NMR spectra are not measured because of the instability of the compound
in DMSO solution.
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9-(4-Chloro-3-nitrophenylsulfonyl)-6-morpholino-9H-purine (14).
Compound 14 was isolated as a by-product (1-2%) in the reaction of mor-
pholine and 6-chloro-9-(4-chloro-3-nitrophenylsulfonyl)-9H-purine (6)
according to general procedure 2. However in the condensation reaction of
6-morpholinopurine 16 (80mg, 0.4mmol) with 4-chloro-3-nitrobenzenesul-
fonyl chloride (102mg, 0.4mmol, 98%) according to general procedure 1,
compound 14 was obtained as a white solid (96mg, 68%). M.p. ¼
145–150 �C; Rf ¼ 0.7 (CH2Cl2:EtOAc/9:1); UV (MeOH): kmax/nm: 221 and
272, log e/dm3 mol�1 cm�1: 4.39 and 4.30; IR (KBr) kmax/cm

�1: 3048 (w),
1595 (s), 1541 (w), 1477 (w), 1389 (m), 1356 (w), 1296 (w), 1248 (w), 1191
(s), 1163 (s), 1113 (m), 1049 (w); 1H NMR (DMSO-d6) d/ppm: 8.89 (d,
J¼ 2.1Hz, 1H, Ar), 8.68 (s, 1H, H8), 8.50 (dd, J¼ 2.2 and 8.6Hz, 1H, Ar),
8.34 (s, 1H, H2), 8.13 (d, J¼ 2.1Hz, 1H, Ar), 4.15 (bs, 4H, CH2), 3.73–3.65
(m, 4H, CH2);

13C NMR (DMSO-d6) d/ppm: 153.6 (C2), 153.2 (C4 or C6),
149.4 (C4 or C6), 147.5 (Cq), 137.1 (C8), 135.8 (Cq), 133.6 (CH-Ar), 133.0
(CH-Ar), 132.8 (Cq), 126.0 (CH-Ar), 119.0 (C5), 66.0 (CH2); (Supplemental
material Fig. S21). HRMS: m/z: 425.0424 [MþH]þ; calculated
C15H13ClN6O5SH

þ: 425.0429.
6-Morpholino-9-(2-morpholino-2-phenylethylsulfonyl)-9H-purine (15).

(E)-6-Chloro-9-(styrylsulfonyl)-9H-purine (7) (26mg, 0.1mmol) and mor-
pholine (35 mL, 0.4mmol, 99%) were used according to general procedure
2. Dimorpholine derivative 15 was obtained as a white solid (27mg, 73%).
M.p. ¼ 169–171 �C; Rf ¼ 0.1 (CH2Cl2:EtOAc/9:1); UV (MeOH): kmax/nm
273, log e/dm3 mol�1 cm�1 4.17; IR (KBr) �max/cm

�1: 3126 (w), 2867 (w),
1590 (s), 1566 (m), 1480 (w), 1450 (w), 1376 (m), 1329 (w), 1286 (w), 1250
(w), 1240 (w), 1158 (s), 1130 (w), 1113 (s), 1048 (w); 1H NMR (DMSO-d6)
d/ppm: 8.43 (s, 1H, H8), 8.39 (s, 1H, H2), 7.32–7.22 (m, 3H, Ar), 7.20–7.10
(m, 2H, Ar), 4.78 (dd, J¼ 15.0, 8.9Hz, CH), 4.41–4.06 (m, 6H, CH2),
3.81–3.61 (m, 4H, CH2), 3.24–3.11 (m, 2H, CH2), 3.05–2.89 (m, 2H, CH2),
2.22–2.06 (m, 2H, CH2), 2.06–1.88 (m, 2H, CH2);

13C NMR (DMSO-d6)
d/ppm: 153.3 (C2), 153.2 (C4 or C6), 150.0 (C4 or C6), 137.3 (C8), 133.0
(Cq), 128.7 (CH-Ar), 127.9 (CH-Ar), 127.8 (CH-Ar), 119.2 (C5), 66.1
(CH2), 65.6 (CH2), 63.6 (CH), 54.3 (CH2), 48.6 (CH2); (Supplemental mate-
rial Fig. S22). HRMS: m/z: 459.1814 [MþH]þ; calculated
C21H26N6O4SH

þ: 459.1809.
6-Morpholino-9H-purine (16). 6-Morpholino-9H-purine 16 was pre-

pared according to known procedure (183mg, 69%).[53] 1H NMR (DMSO-
d6) d/ppm: 13.06 (s, 1H, NH), 8.23 (s, 1H, H8 or H2), 8.13 (s, 1H, H8 or
H2), 4.20 (s, 4H, CH2), 3.82–3.59 (m, 4H, CH2);

13C NMR (DMSO-d6)
d/ppm: 153.19 (s, C4 or C6), 151.76 (d, C2), 151.51 (s, C4 or C6), 138.35
(d, C8), 118.81 (s, C5), 66.19 (t, CH2), 45.16 (t, CH2).
(E)-6-Morpholino-9-(styrylsulfonyl)-9H-purine (17). 6-

Morpholinopurine 16 (50mg, 0.2mmol) and trans-b-styrenesulfonyl
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chloride (51mg, 0.2mmol, 97%) were used according to general procedure
1. The product 17 was obtained as a colorless crystalline solid (52mg,
58%). M.p. ¼ 156–157 �C; Rf ¼ 0.3 (CH2Cl2:EtOAc/9:1); UV (MeOH):
kmax/nm: 279; log e/dm3 mol�1 cm�1: 4.64; IR (KBr) �max/cm

�1: 3109 (m),
3032 (w), 3015 (w), 1593 (s), 1558 (m), 1474 (m), 1450 (m), 1377 (s), 1337
(w), 1304 (w), 1286 (w), 1275 (w), 1254 (m), 1203 (m), 1188 (m), 1176 (w),
1161 (s), 1151 (m), 1117 (m), 1053 (w), 989 (w); 1H NMR (DMSO-d6)
d/ppm: 8.56 (s, 1H, H8), 8.34 (s, 1H, H2), 8.06 (d, J¼ 15.3Hz, 1H, CH),
7.82–7.76 (m, 3H, CH, Ar,), 7.52 (t, J¼ 7.3Hz, 1H, Ar), 7.46 (t, J¼ 7.4Hz,
2H, Ar), 4.17 (bs, 4H, CH2), 3.78–3.60 (m, 4H, CH2);

13C NMR (DMSO-
d6) d/ppm: 153.5 (C2), 153.2 (C4 or C6), 149.6 (C4 or C6), 147.8 (CH),
137.2 (C8), 132.3 (CH-Ar or CH), 131.5 (Cq), 129.6 (CH-Ar), 129.2 (CH-
Ar), 123.0 (CH-Ar or CH), 119.2 (C5), 66.1 (CH2); (Supplemental material
Fig. S23). HRMS: m/z: 372.1137 [MþH]þ; calculated
C17H17N5O3SH

þ: 372.1130.
9-(Methylsulfonyl)-6-morpholino-9H-purine (18). 6-Morpholino-purine

16 (51mg, 0.2mmol) and mesyl chloride (38 mL, 0.2mmol), were used
according to general procedure 1. Purification by thin layer chromatogra-
phy (CH2Cl2:MeOH/9:1) and recrystallization from the hot acetone and
methanol yielded 18 as a colorless crystalline solid (30mg, 42%). M.p. ¼
186–187 �C; Rf ¼ 0.8 (CH2Cl2:MeOH/9:1); UV (MeOH): kmax/nm: 272; log
e/dm3 mol�1 cm�1: 4.18; IR (KBr) kmax/cm

�1: 3132 (w), 3032 (w), 3001
(w), 2922 (w), 2870 (w), 1591 (s), 1560 (m), 1506 (w), 1475 (m), 1454 (m),
1366 (s), 1327 (m), 1303 (w), 1286 (w), 1275 (m), 1246 (m), 1209 (w), 1188
(s), 1165 (s), 1149 (s), 1115 (s), 1067 (w), 1055 (w); 1H NMR (DMSO-d6)
d/ppm: 8.47 (s, 1H, H8), 8.41 (s, 1H, H2), 4.21 (bs, 4H, CH2), 3.79 (s, 3H,
CH3), 3.76–3.70 (m, 4H, CH2);

13C NMR (DMSO-d6) d/ppm: 153.46 (d,
C2), 153.26 (s, C4 or C6), 149.68 (s, C4 or C6), 136.84 (d, C8), 119.17 (s,
C5), 66.08 (t, CH2), 41.71 (q, CH3); (Supplemental material Fig. S24).
HRMS: m/z: 284.0822 [MþH]þ; calculated C10H13N5O3SH

þ: 284.0817.
6-Amino-9-(methylsulfonyl)-9H-purine (20). A) 9-Mesyladenine 20 was

prepared following the described procedure[35] in 87% yield as a white
solid: Rf ¼ 0.4 (CH2Cl2:MeOH/9:1); m.p. 228 �C (Ref[35] m.p. ¼
228–230 �C); 1H NMR (DMSO-d6) d/ppm: 8.40 (s, 1H, H8), 8.29 (s, 1H,
H2), 7.67 (brs, 2H, NH2), 3.77 (s, 3H, CH3); (Supplemental material
Fig. S25).
B) Adenine 19 (1 g, 7.4mmol) and mesyl chloride (0.574mL, 7.4mmol)

were used according to general procedure 1. The raw mixture of N9 and
N7 isomers was filtered off (see NMR spectrum Supplemental material Fig.
S26) and purified by preparative chromatography (CH2Cl2/CH3OH 9:1) to
give the product 20 (482mg, 31%) as a white crystalline solid.
6-Amino-9-(4-methylphenylsulfonyl)-9H-purine (21). Adenine 19 (1 g,

7.4mmol) and tosyl chloride (1.4 g, 7.4mmol) were used according to
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general procedure 1. The product 21 was isolated as a white crystalline
solid (1.4 g, 66%): Rf ¼ 0.6 (CH2Cl2:MeOH/9:1); m.p. 206–207 �C (Ref.[35]

m.p. ¼ 206–207 �C); 1H NMR (DMSO-d6) d/ppm: 8.60 (s, 1H, H8), 8.20
(s, 1H, H2), 8.08 (d, 2H, J¼ 8.2Hz, Ar), 7.65 (s, 2H, NH2), 7.49 (d, 2H,
J¼ 8.2Hz, Ar), 2.37 (s, 3H, CH3); (Supplemental material Fig. S27).
(E)-6-Amino-9-(styrylsulfonyl)-9H-purine (22). Adenine 19 (0.654 g,

4.8mmol) and trans-b-styrenesulfonyl chloride (1 g, 4.8mmol, 97%) were
used according to general procedure 1. The product 22 was isolated as a
white crystalline solid (1.01 g 70%). M.p. ¼ 186–190 �C; Rf ¼ 0.7 (CH2Cl2/
MeOH, 9:1); UV (MeOH): kmax/nm: 266; log e/dm3 mol�1 cm�1: 4.72; IR
(KBr) kmax/cm

�1: 3290 (w), 3176 (w), 3053 (w), 1680 (m), 1607 (m), 1574
(m), 1498 (w), 1417 (w), 1374 (m), 1273 (m), 1178 (m), 1159 (s), 1141 (s),
1031 (w); 1H NMR (DMSO-d6) d/ppm: 8.49 (s, 1H, H8), 8.22 (s, 1H, H2),
8.04 (d, J¼ 15.4Hz, 1H, CH), 7.82–7.76 (m, 3H, CH and Ar), 7.63 (s, 2H,
NH2), 7.54-7.74 (m, 3H, Ar); 13C NMR (DMSO-d6) d/ppm: 156.3 (C6),
154.3 (C2), 148.5 (C4), 147.3 (CH), 138.0 (C8), 132.2 (CH-Ar or CH),
131.6 (Cq), 129.6 (CH-Ar), 129.2 (CH-Ar), 123.3 (CH-Ar or CH), 118.8
(C-5); (Supplemental material Fig S28). HRMS: m/z: 302.0712 [MþH]þ;
calculated C13H11N5O2SH

þ: 302.0724.

4.1. Computational details

All geometrical parameters were optimized employing the density functional
theory (DFT) M06–2X functional together with the 6–31þG(d) basis set, fol-
lowed by the vibrational analysis using the Gaussian 16 software.[64] Thermal
corrections were extracted from the matching uncorrected vibrational fre-
quencies, also used to confirm the obtained structures as true minima by the
lack of imaginary frequencies. Solvent effects were considered through the
implicit SMD polarizable continuum model with all parameters for pure
DMSO (e¼ 46.7), giving the (SMD)/M06–2X/6–31þG(d) model employed
here. As such, all computational values correspond to differences in Gibbs
free energies obtained at a room temperature of 298K and a normal pressure
of 1 atm. The choice of this computational setup was prompted by its recent
success in reproducing kinetic and thermodynamic parameters of various
organic,[65,66] organometalic,[67,68] and enzymatic reactions.[69,70]

4.2. Biological studies

4.2.1. Cell culture
Biological effects of 6-morpholino and 6-amino-9-sulfonylpurine derivatives
(6-morpholino 8-11, 14, 17 and 18; dimorpholine derivatives 12 and 15;
adenine derivatives 20-22; 6-morpholinopurine 16, adenine 19, and 5-FU,
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were investigated on a panel of human tumor cells: cervix adenocarcinoma
(HeLa), colon adenocarcinoma (CaCo-2), bronchioalveolar carcinoma
(NCI-H358), chronic myeloid leukemia in blasted crisis (K562), acute lym-
phoblastic leukemia (MOLT-4), and Burkitt lymphoma (Raji). As normal
cells human fibroblast (BJ) cell line was used.
Adherent cells were cultured in Dulbecco’s modified Eagle medium –

DMEM (Gibco, EU) supplemented with 10% heat-inactivated fetal bovine
serum (FBS, Gibco, EU), 2mM glutamine, and 100U/0.1mg penicillin/
streptomycin. Cells on suspension and NCI-H358 were cultured in RPMI
1640 (Gibco, EU) medium supplemented with 10% FBS (Gibco, EU), 2mM
glutamine, 1mM sodium pyruvate, 10mM HEPES. Cells were grown in
humidified atmosphere under the conditions of 37 �C/5% of CO2 gas in the
CO2 incubator (IGO 150 CELLlifeTM, JOUAN, Thermo Fisher Scientific,
Waltham, MA, USA).

4.3. Antiproliferative effect evaluation by MTT assay[71]

4.3.1. Adherent cells
Adherent cells (HeLa, CaCo-2, NCI-H358, and BJ) were plated in 96-well
flat bottom plates (Greiner, Frickenhausen, Austria) at a concentration of
2� 104 cells/mL. The trypan blue dye exclusion test was used to determine
number of viable cells before each experiment. Cells were incubated at
37 �C for 24 h, and on day 1 treated with 6-substituted-9-sulfonylpurine
derivatives at a concentration rang of 100 to 0.1 mmol dm�3. Upon comple-
tion of the incubation period growth medium was discarded and 5mg/mL
of MTT was added. After 4 h incubation at 37 �C water insoluble MTT-for-
mazan crystals were dissolved in DMSO.

4.3.2. Suspension cells
Suspension cells (K562, MOLT-4, and Raji) were plated in 96-well flat bot-
tom plates (Sarstead, Newton, USA) at a concentration of 1� 105 cells/mL
with addition of concentration range (100 to 0.1mmol dm�3) of 6-substi-
tuted-9-sulfonylpurine derivatives. The trypan blue dye exclusion test was
used to determine number of viable cells before each experiment. After
expired time of incubation, 5mg/mL of MTT was added in each well and
incubated for 4 h in CO2 incubator. Formed MTT-formazan crystals were
dissolved in 10% SDS with 0.01mol/L HCl overnight. Elisa micro plate
reader (iMark, BIO RAD, Hercules, CA, USA) was used for measurement
of absorbance at 595 nm. Experiment was performed in triplicate.
Statistical analyses were carried out with Statistica for Windows v. 13.1

software. Independent samples were analyzed by nonparametric
Kolmogorov-Smirnov test. Data is presented as a mean values ± SD of three
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independent experiments. Values were considered significantly different at
the level of p< 0.05.
Percent of life cells was calculated as follows:

% ¼ OD sampleð Þ – OD backgroundð Þ=OD controlð Þ
– OD backgroundð Þ � 100

Optical density (OD) of background for adherent cells is the OD of
MTT solution and DMSO; OD (background) for suspension cells is OD of
the culture medium with MTT and 10% SDS with 0.01mol/L; OD (control)
is the OD of the cells growth without tested compounds.
Selectivity index (SI) was calculated as follows: SI¼ IC50 for normal cell

line/IC50 for respective tumor cell line.[72]

4.3.3. Assessment of cell membrane integrity by LDH assay
K562 and Raji cells were plated in 96-well plates at a concentration of
1� 105 cells/mL. Cultured medium was RPMI (1% FBS, 2mM glutamine,
1mM Na-piruvate, and 10mM HEPES) Derivatives 17 and 22 were applied
on cells at concentration of 5 mmol dm�3 and supernatants were collected
after 3, 6, 10 and 24 h of incubation. Supernatant was analyzed according
to the kit protocol (LDH Cytotoxicity Detection Kit, TAKARA BIO INC.).
Microplate reader (Viktor 3V 1420, Perking Elmer) was used for measured
absorbance on 490 nm.
Percent of cell membrane integrity was calculated as follows:

% ¼ OD sampleð Þ – OD low controlð Þ=OD high controlð Þ
– OD low controlð Þ x100

Low control represents supernatant from cells which were cultivated with
fresh medium and high control is supernatant from cells treated with 1%
Triton X.

4.3.4. Flow cytometry analysis of cell cycle
K562 and Raji cells were plated at a concentration of 5� 105 cells and
same day treated with selected derivatives 17 and 22 (1mmol dm�3). After
24 h of incubation cells were collected, fixated with cold 70% ethanol, and
kept at 4 �C. Before analysis collected cells were washed in PBS and stained
with 15 mg/mL of propidium iodide at room temperature. Before staining
on cells were added 0.2mg/mL of RNA-ase A for 5minutes at room temper-
ature. Cells were analyzed by flow cytometry (FacsCanto II, BD
Biosciences, USA) using FlowJo software. One way statistical analysis of
variances (ANOVA) was performed in XSTAT with Dunnett (two sided)
analysis (p< 0.05).
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