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Synthesis and in Vitro Antileukemic Activity of Some New
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A new series of 1,3-(oxytetraethylenoxy)cyclotriphosphazene derivatives bearing 2-chloroethylamine or
salicylaldehyde (2-hydroxybenzaldehyde) or its Schiff base (after condensation with 2-chloroethylamine)
units and having also 2-naphthyl or anthraquinone groups as cosubstituents has been synthesized. The in
vitro cytotoxic activity of these compounds against a panel of four cancer cell lines has been studied. Most
of the compounds exhibited antiproliferative activity in the range of the international criterion for synthetic
agents (4ug/mL) against the MOLT4, L 1210, HL-60, and P388 cell lines chosen for testing.

Introduction compounds is their high cumulative bone marrow toxicity and
In the search for anticancer drugs many compounds with other undesirable side effects. Therefore, a great deal of research

different structures have been tested. Even though some of then{!@S been devoted to overcome these drawbacks and also to
exhibit therapeutical properties and are widely used, the huntIMProve solubility of aziridinyl cyclophosphazene. The latter
for new substances especially those with improved efficiency ProPerty was achieved by incorporation of a crown ether
and no side effects is still an important research goal. Among Structure into the aziridinyl cyclophosphazene which caused
others, compounds with a cyclophosphazene core bearingd00d solubility of the compound in water-{0%w/w) and also
different substituents seem to be good candidates for anticancef POsSibility of metal cation complexation.

drugs. A great number of reports have described the antitumor

activity of (1-aziridynyl)cyclophosphazené&s’ mainly hexa- [>N N<]
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vitro using five AlIDS-related human lymphoma cell lines and
In previous works of our group a series of tetraaziridinylcy- leukemia CCRF-CEM. The compound exhibited remarkable

clophosphazenes bearing various spiro substituents whosefYtotoxic activity™* Further modification of this compound by
structures are shown below were tested and their cytotoxic "€Placement of one aziridine group with an intercalating agent,
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It was found that introduction of the 2-naphthol structure
decreased the in vitro antiproliferative activity of the compound
against human and mouse leukemic cells (MOLT 4, P 388, L
1220, HL-60) while the anthraquinone group enhanced cytotoxic
activity in comparison with the 1,3-(oxytetraethylenoxy)-1,3,5,5-
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activity against L1210 cells was confirm&8.The cytostatic
activity of aziridynyl groups is believed to result from the
formation of a carbocation capable of interacting with DNA
via alkylation}1® However, a severe disadvantage of these
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Figure 1. Structures of the compounds-11.

concerning the synthesis and cytostatic activity of cyclophos- expected to enhance cytotoxic activity of the compounds in
phazatriene substituted with an oxytetraethylenoxy group (crown comparison to the ones having only alkylating agent.
ether) and a 2-chloroethylamine group, as are presented in this The compounds synthesized were tested for their antiprolif-
work. erative activity in vitro against the cells of four human and
2-Chloroethylamine was bonded directly to the cyclophos- mouse leukemic lines. The results are presented in Table 1. All
phazatriene ring or was introduced in the form of a Schiff base. the compounds bearing alkylating and intercalating groups,
In the latter case 2-chloroethylamine was condensed with aexcept2, revealed antiproliferative activity against the cells
previously substituted cyclophosphazene ring with 2-hydroxy- tested. However, the compoursland6 did not exhibit activity
benzaldehyde (salicylaldehyde). Syntheses of the compoundsn the range of the international activity criterion for synthetic
having additional intercalating groups (2-naphthol, anthraquino- agents (4«g/mL).1°
ne) were also carried out. In the compoundg and6, the 2-chloroethylamine moiety is
directly bonded to phosphorus atoms. This might account for

Results and Discussion its low DNA alkylating activity. On the other hand, the presence

In this work, two series of derivatives of 1,3-(oxytetraethyl-
enoxy)-1,3,5,5-tetrachlorocyclotriphosphazatriehg(ecursor)

of the anthraquinone structure Binduced antiproliferative
activity similar to that of the compourtsl having unsubstituted

have been synthesized (Figure 1) and their structures confirmedchlorine atoms. In contrast 6, a compound with aziridinyl

by elemental analysis, mass spectroscopy, FIHR\MR, and

substituents instead of 2-chloroethylamine groups exhibited

31P NMR. In the first group, all chlorine atoms of the precursor antiproliferative activity against the same leukemic cells.
1 were substituted with 2-chloroethylamine being directly However, the tetraaziridinyl compound (without intercalator)
connected with phosphorus atoms of the cyclotriphosphazatrienewas also inactive similar t&.1?

ring as in2 or 2-chloroethylamine was bonded via an oxyphe-

nylene unit and was in the form of aldimine as4nin the

A sufficient cytostatic activity was exhibited by compounds
4 and8 in which the alkylating agent is in the form of a Schiff

second group intercalating anthraquinone or 2-naphthol struc-base. The presence of an intercalating agen8idid not

tures were introduced additionall,(8). Their presence was

influence its activity significantly. Similarly, introduction of the
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Table 1. In Vitro Antiproliferative Activity of the Compounds (Figure Experimental Section
1) . .
Comp No P T <D Synthesis of_ the_ Investigated Compounds -111. Structures
in Fig. 1 ¢l line IC,[mol/ml]x10° £ SD are presented in Figure 1.
MOLT4 P388 L1210 HL-60 BALBAT3 1,3-(Oxytetraethylenoxy)-1,3,5,5-tetrachlorocyclotriphosph-
T P Py mosive | 3oms i | mesane azatrlleeng 1. This compound was prepared as reported previ-
78.57+13.03 ouslylé
2 negative negative negative negative - 1,3-(Oxytetraethylenoxy)-1,3,5,5-tetra(2-chloroethylamine)-
3 32412 3.241.0 32413 2713 12124335 cyclotriphosphazatriene 2. 2-Chloroethylamine hydrochloride
3.9441.5 3.9441.2 3.9441.6 3.3341.6 | 14.9444.13 (2.06 g, 17.6 mmol) and triethylamine (TEA) (4.857 g, 48.0 mmol)
¢ ZIELT | 3210 ) 3ZLL | 223 )| 252940 in dry benzene (100 mL) were stirredrfb h atroom temperature
1.99+1.6 3.03+0.9 3.03£1.0 2.74%1.1 23.92+1.13 y p
5 29.6+1.6 32.8+1.2 52.8+1.4 38.3+1.1 - !Jnder an argon atmosphere. Subsequeﬂlt@.938 g, 20mmol)
4236423 | 4694417 | 7556820 | 54816 in dry benzene (20 mL) was added. The mixture was stirred for 29
6 Zi2tlz | o4Eld ) 293813 ) 189212 - h in boiling solvent and then cooled and filtered. The filtrate was
32.87+1.4 23.44+1.7 35.40+1.8 22.8+14 h d d |
7 Lato4s | 20m015 | 242062 | 2230062 | Bicaiis evaporated under reduced pressure. The crude product was column-
1.1940.5 3.03£L5 2.53+0.6 233£0.6 | 34.70£12.37 chromatographed on silica gel using hexane: THF (tetrahydrofuran)
8 3.08+4007 | 2164057 | 2.69+042 | 2.067+071 % (1:1 and next 2:3 and 1:2, v/v) as eluent. The oily substance (yield
)+ q . K . .
- T B R Y T T - 48.5%) was crystallized from a mixture of hexane:CH(@!3, v/iv)
3712008 | 306802 | 330602 | 33701 to provide2: mol mass (g/mol) found/calcd M 642.1/641, mp
11 3114008 | 2704023 | 2431058 | 2.89+0.11 - 84.70°C. Anal. (GeH36ClsN7OsP3) C, H, N.
3.06+0.08 2.65£0.2 2.39£0.6 2.84+0.1

1,3-(Oxytetraethylenoxy)-1,3,5,5-tetra(phenyloxy-2-carboxal-
2|Dsy the dose of compound that inhibits cell proliferation by 50%. dehyde)cyclotriphosphazatriene 3. ¥0.938 g, 2.0 mmol), 2-hy-
droxybenzaldehyde (1.495 g, 12 mmol), and sodium hydride (60%)
(0.48 g, 12 mmol) in THF (80 mL) were stirred for 27 h at room

. - o : : : temperature under an argon atmosphere. The mixture was filtered
did not cause any change in activity. It is very interesting that and the filtrate evaporated under reduced pressure. The crude

comppunds& 7, and 10' hav!ng aIdgher gr'oups |.n.the|r product was column-chromatographed on silica gel using hexane:
substituents, also exhibited high antiproliferative activity that THE (3:2 next 1:1 viv) as eluent. The oily substance (yield 49.5%)
was little enhanced by the anthraquinone moiety in the was crystallized from mixture of hexane:CHQL:3, v/v) to provide
compound?. In fact, the activity of the compounds having 3: mol mass (g/mol) found/calcd M= 812.6/811.48, mp 100.8
aldehyde and Schiff base groups differ very little. °C. Anal. (GgH3eN3013P3) C, H, N.

For comparison, activity of compoun8s4, 7, and8 against 1,3-(Oxytetraethylenoxy)-1,3,5,5-tetra(phenyloxy-22-chloro-
normal cells (BALB/ 3T3) was also examined. As can be seen €thylimino})cyclotriphosphazatriene 4.2-Chloroethylamine hy-
in Table 1, the antiproliferative activity of the compounds is drochloride (0.445 g, 3.8 mmol) and triethylamine (1.154 g, 11.4

h hiah . h lls th . h Immol) in dry benzene (20 mL) were stirredrfd h at room
much higher against the cancer cells than against the normatemperature in an argon atmosphere. Subsequén®772 g, 0.95

cells. mmol) in dry benzene (20 mL) was added. The mixture was stirred
The following results summarize our investigations dealing for 4 h inboiling solvent. The mixture was then filtered and benzene

with antiproliferative activity in vitro against cells of human evaporated under reduced pressure. The yield of the oily substance

and mouse leucemic lines (MOLT4, P388, L1210, HL-60) of 4 Wwas 51.2%, mol mass (g/mol) found/calcd-v11058.0/1057.48.

the new Compounds: Anal. (C44H52C|4N709P3) C,H, N.

. 1{2-[1,3-(Oxytetraethylenoxy)-3,5,5-tri(2-chloroethylamine)-
(@) 1,3-(Oxytetraethylenoxy)-1,3,5,5-tetrachlorocyclotriphos- cyclotriphosphazatrien-1-yllaminoethylaming anthraquinone 6.

phazatrienel and its mono- aminoanthraquinone-substituted The synthesis of this compound required two steps (a, b). Step a:
derivative5 do not exhibit antiproliferative activity in the range 1 (0.235 g, 0.5 mmol), 1-(2-aminoethylamino)anthraquinone (pre-
of the international criterion for synthetic agents. pared as described in the literatt§e(0.266 g, 1.0 mmol), and

(b) Compouna? in which four chlorine atoms in compound ~ NaOH (0.2 g, 5 mmol) were dissolved in a mixture of hexane:
1 are substituted with a 2-chloroethylamine moiety also is 1HF (1:1, v/v; 60 mL) and heated at 4C for 5 h. The mixture
inactive in relation to the cell lines tested. Replacement of one was filtered and the filtrate evaporated under reduced pressure. The

X ) . . . crude product was column-chromatographed on silica gel using
2-chloroethylamine residue i2 by an aminoanthraquinone hexane:THF (3:1, v:v) as eluent to providg 21,3-(oxytetraeth-

moiety enhances antlprollfera_ltlve activity but it is still lower ylenoxy)-3,5,5-trichlorocyclotriphosphazatrien-1-yllaminoethyladino

than the value of the international criterion. anthraquinoné as a red powder. Yield 58.2%, mol mass (g/mol)
(c) Substitution of four chlorine atoms thwith 2-oxyben- found/calcd M= 699.2/698.7, mp 149.4C. Anal. (G4H2sClsNsO/Ps)

zaldehyde groups3f enhances the cytotoxic activity, being C. H, N: calcd, 10.0; found, 9.58.

sufficient to meet the international criterion. Slightly better ~ Step b: 2-Chloroethylamine hydrochloride (0.476 g, 4.07 mmol)

activity resulted from replacement of one 2-oxybenzaldehyde and triethylamine (1.123 g, 11.1 mmol) in dry benzene (60 mL)

. . . . . . were stirred fo 1 h atroom temperature in an argon atmosphere.
?;)‘"c‘)f’ ér_‘r?a%tigl'%e)rf:s'?ég‘g agent, i.e., aminoanthraquinone g\, oo entivs (0.432 g, 0.618 mmol) in dry benzene (60 mL)

was added. The mixture was then stirred for 22 h in boiling solvent.
(d) Cytotoxic activity of compound, a condensation product  After cooling, the mixture was filtered and the solvent evaporated
of aldehyde groups iB with 2-chloroethylamine, is comparible  under reduced pressure. The crude product was purified column-
with compound3. The presence of an intercalating agent does chromatographically on silica gel using hexane:THF (2:1, v/v) as
little to enhance antiproliferative activity of compoungisind eluent. Compouné possessed a greasy nature. Yield 18.7%, mol
11 in comparison with compound. These compounds also ~ Mass (g/mol) found/calcd M 827.4/827.63 g/mol, mp 84.3%.
exhibit activity in the range of the international criterion. Anal. (CsoHasClsNgO7Ps) C, H, N. .
1{2-[1,3-(Oxytetraethylenoxy)-3,5,5-tri(phenyloxy-2-carbox-
Therefore, new compounds 4, 7, 8, 10, and11 may be  5igehyde)cyclotriphosphazatrien-1-yl]-aminoethylaming -
considered as the agents with highest potential antileukemic anthraquinone 7. 5(0.699 g, 1 mmol), 2-hydroxybenzaldehyde
activity and appear to be good candidates for more advanced(0.56 g, 4.5 mmol), and sodium hydride (60%) (0.18 g, 4.5 mmol)
screening. in THF (60 mL) were stirred for 29 h at room temperature in an

2-naphthol structure, instead of anthraquinone, in compadnd
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argon atmosphere. The mixture was then filtered and the filtrate in RPMI medium supplemented with glutamine, antibiotics, and
evaporated under reduced pressure. The crude product was chro10% fetal bovine serum.

matographed on a silica gel column using hexane:THF (3:1, v:v)
as eluent to provid& as a red oil. Yield 44.1%, mol mass (g/mol)
found/calcd M= 956.0/955.52. Anal. (§&H44NsO13P3) C, H, N.
1{2-[1,3-(Oxytetraethylenoxy)-3,5,5-tri(phenyloxy-2f 2-chloro-
ethylimino})cyclotriphosphazatrien-1-ylJaminoethylaming an-
thraquinone 8. 2-Chloroethylamine hydrochloride (0.121 g, 1.04
mmol) and triethylamine (0.316 g, 3.1 mmol) in dry benzene (20

Antiproliferative Assays. Cells were plated in 96-well plates
(Sarstedt, Costar) at a density of*ldells per well in 10QuL of
culture medium. After 24 h, testing agents were added to the cells
in concentrations ranging from 100 to Quéy/mL. The incubation
continued for an additional 72 h.

The MTT technique was applied for the cytotoxicity screening.
Twenty microliters of MTT solution (MTT: 3-(4,5-dimethylthiazol-

mL) were stirred at room temperature in an argon atmosphere. After 2-yl)-2,5-diphenyltetrazolium bromide (Sigma); stock solution: 5

1 h,7(0.33 g, 0.345 mmol) in dry benzene (20 mL) was added
and the stirring continued for an additidrah in boiling solvent.
The mixture was filtered, and the filtrate was evaporated under
reduced pressure. The yield 8f (obtained as a red oil) was
95%, mol mass (g/mol) found/calcd ¥ 1140.3/1139.99.Anal.
(Cs7HseNgO10Ps) C: caled, 53.68; found, 53.28; H; N: calcd, 9.82;
found, 9.36.
1,3-(Oxytetraethylenoxy)-1-(2-naphthyloxy)-3,5,5-trichloro-
cyclotriphosphazatriene 9. 1(0.938 g, 2 mmol), 2-naphthol (0.294
g, 2 mmol), and sodium hydride (60%) (0.08 g, 2 mmol) in THF
(120 mL) were stirred fo2 h atroom temperature. The mixture

was filtered and the filtrate evaporated under reduced pressure an

finally washed with hot water. The yield &fwas 99%, mol mass
[g/mol] M = 576.5 g/mol. Anal. (GH23CI3N3OPs) C, H, N.
1,3-(Oxytetraethylenoxy)-1-(2-naphthyloxy)-3,5,5-tri(phenyl-
oxy-2-carboxaldehyde)cyclotriphosphazatriene 10. @.15 g, 1.99
mmol), 2-hydroxybenzaldehyde (1.116 g, 8.96 mmol), and sodium
hydride (60%, 0,358 g, 8.96 mmol) in THF (140 mL) were stirred
at room temperature for 24 h. The mixture was filtered and the

mg/mL) was added to each well and incubated for 4 h. The
mitochondria of viable cells convert the pale yellow MTT to a havy-
blue colored formazan. After the incubation time was completed,
80 uL of the lysing mixture was added to each well (lysing
mixture: 225 mL of dimethylformamide, 67.5 g of sodium dodecyl
sulfate (Sigma), and 275 mL of distilled water). After 24 h, when
the formazan crystals had dissolved, the optical densities of the
samples were read on an Multiskan RC photometer (Labsystems)
at 570 nm.
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