
Abstract. We report the synthesis of new guanylhydrazones
from imidazo[2,1-b]thiazoles and of a bis-guanylhydrazone
from diimidazo[1,2-a:1,2-c]pyrimidine. The compounds were
tested as potential antitumor agents at the National Cancer
Institute. Two derivatives are now under review by BEC: one
of these was also subjected to a test for positive inotropic
activity in view of a possible coanthracyclinic activity. Tyrosine
kinase receptors may be involved as molecular targets in the
mechanism of action of the guanylhydrazones described.

This is our fourth communication on the synthesis of antitumor

guanylhydrazones (2-4). In the last one (4) we pointed out that,

in a series of 2,3 unsubstituted imidazo[2,1-b]thiazoles, 4-

nitrophenyl and 4-chloro-3-nitrophenyl at the 6 position are

suitable pharmacophoric groups giving rise to three potent

antitumor agents. In this paper we describe the synthesis and

antitumor activity of new imidazothiazole guanylhydrazones

selected according to the following rationale (see Figure 1):

- two compounds unsubstituted at the position 2 and 3 with

a 3-nitrophenyl group at the 6 position.

- 2- and/or 3-substituted compounds bearing the three above-

mentioned nitrophenyl groups (15 compounds).

Moreover a bis-guanylhydrazone from diimidazo[1,2-

a:1,2-c]pyrimidine will be described (see Figure 2). This

derivative is the only one we were able to prepare to date,

among a group of compounds we designed under the

project called "Cancer Fighting Cancer" (1).

Materials and Methods

Chemistry. The guanylhydrazones reported in Figure 1 (17-23) were

prepared by reaction of aminoguanidine with the appropriate

aldehydes. The starting aldehydes 10-16 were obtained by means

of the Vilsmeier reaction on the corresponding imidazo[2,1-

b]thiazoles 3-9, prepared in turn from the appropriate 2-

aminothiazoles 1. The intermediate compounds 2 were isolated

(ÓC=O absorption was confirmed around 1700 cm-1) and used in the

subsequent step without further purification.

The reaction of 2,4-diaminopyrimidine 24 with 2-

bromoacetophenone (Figure 2) could result in three different

compounds: 2-phenylimidazo[1,2-a]pyrimidin-7-amine 25, 2-

phenylimidazo[1,2-c]pyrimidin-5-amine 26 and 2-phenylimidazo[1,2-

a]pyrimidin-5-amine 27. This reaction and the subsequent formation

of the new heterocylic system diimidazo[1,2-a:1,2-c]pyrimidine 28

was discussed in a previous communication (1). At that time the

crystallographic data for compound 25 were not ready yet, so we

now report the crystal structure of this compound in Figure 3.

The Vilsmeier reaction on compound 28 gave the expected

bisaldehyde 29 which in turn furnished the bisguanylhydrazone 30.

The new derivatives are reported in Tables I and II.

The crystal structure of 2-phenylimidazo[1,2-a]pyrimidin-7-amine

25 (Figure 3) shows that a water molecule is co-crystallized. The C-N

distances are encompassed between 1.327(3)∞Æ for C(6)-N(7), and

1.390(3)∞Æ (N(1)-C(6)). The mean is 1.359(4)∞Æ. The structure of 25 is

almost planar with the highest deviations from the overall least

square plane shown by C(3’) (-0.083(2)∞Æ ), N(6) (-0.077(2)∞Æ) and

C(6’) (0.067(2)∞Æ). The dihedral angle between the least square planes

defined by the heterocyclic system and the phenyl ring is 4.3(1)Æ.

Intramolecular and intermolecular hydrogen bonding is present. The

former involve N(7)…H(6’) (d=2.572∞Æ) while intermolecular

interactions occur between N(6)-H (x,y,z) …N(7) (1-y, x, -1/4+z) with

a H…N(7) distance equal to 2.016∞Æ. There is a network of water

molecules strongly interacting with each other while only weak

interactions occur with the heterocyclic system (O(1)-H…N(5) 3.00

∞Æ). Significant stacking interactions are not observed.

Synthesis. The melting points are uncorrected. Analyses (C, H, N)

were within±0.4% of the theoretical values. Bakerflex plates (silica

gel IB2-F) were used for TLC: the eluent was petroleum
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ether/acetone 50/50 (with 0.1% of conc. NH4OH for the analysis

of the guanylhydrazones as free bases). The IR spectra were

recorded in nujol on a Nicolet Avatar 320 E.S.P.; Ómax is expressed

in cm-1. The 1H-NMR spectra were recorded on a Varian Gemini

(300 MHz); the chemical shift (referenced to solvent signal) is

expressed in ‰ (ppm) and J in Hz (Table II).

Synthesis of the imidazo[2,1-b]thiazoles 3c-5c, 6a-c, 7c and 9c. The

appropriate 2-aminothiazole or 2-aminothiazoline 1 (20 mM) was

dissolved in 100 mL of acetone (for 3c-5c, 7c and 9c) or chloroform

(for 6a-c) and treated with the equivalent of the appropriate 2-

bromoacetophenone. The reaction mixture was refluxed for 2-3h,

the resulting salt 2 was separated by filtration and refluxed for 2h,

without further purification, with 500 mL of 2N HCl. Before

complete cooling, the solution was cautiously basified by dropwise

addition of 15% NH4OH. The resulting base was collected by

filtration and crystallized from ethanol with a yield of 70-90%.

Synthesis of the aldehydes 10-16. The Vilsmeier reagent was

prepared at 0-5ÆC by dropping POCl3 (54 mM) into a stirred

solution of DMF (65 mM) in CHCl3 (5 mL). The appropriate

imidazo[2,1-b]thiazole 3-9 (5 mM) was suspended in CHCl3 (20

mL). Only for the synthesis of the aldeydes, 15b and 16a, pyridine

(62 mM) was also added. The mixture thus obtained was dropped
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Figure 1. Synthesis of compounds 17-23.

Figure 2. Synthesis of compound 30.



into the Vilsmeier reagent while maintaining stirring and cooling.

The reaction mixture was kept for 3h at room temperature and

under reflux for 14-17h. Chloroform was removed under reduced

pressure and the resulting oil was poured onto ice. The crude

aldehyde thus obtained was collected by filtration and crystallized

from ethanol with a yield of 75-95%.

Synthesis of the guanylhydrazones 17-23. The appropriate aldehyde

10-16 (10 mM) was dissolved in ethanol and treated with the

equivalent of aminoguanidine hydrochloride, prepared in turn from

an ethanol suspension of aminoguanidine bicarbonate and excess

of 37% hydrochloric acid. The reaction mixture was refluxed for 5-

10h according to a TLC test and the resulting precipitate was

collected by filtration with a yield of 70-95%. In the case of

compound 18c the precipitate was obtained after addition of ethyl

ether to the ethanol solution.

Synthesis of 2,8-diphenyldiimidazo[1,2-a:1,2-c]pyrimidine 28. This is

described in ref. (1).

Synthesis of 2,8-diphenyldiimidazo[1,2-a:1,2-c]pyrimidine-3,9-
dicarboxaldehyde 29. Treating compound 28 with the Vilsmeier

reagent as described for the synthesis of the aldehydes 10-16,

compound 29 was obtained with a yield of 95%.

Synthesis of the guanylhydrazone 30. Following the procedure

described for the synthesis of the guanylhydrazones 17-23,

compound 29 was treated with two equivalents of aminoguanidine

hydrochloride. Compound 30 was obtained with a yield of 95% by

addition of ethyl ether to the ethanol solution.

X-ray crystallography of 25. Single crystals of 25 were submitted to

X-ray data collection on a Siemens P4 four-circle diffractometer

with graphite monochromated Mo-K· radiation (Ï = 0.71069 ∞Æ). A

single crystal, colourless prism, dimensions 0.4 x 0.3 x 0.4 mm, was

used for data collection. Crystal system: tetragonal; space group

P43 (n. 78); a=13.931(1), c=5.713(1)∞Æ, V=1108.7(2)∞Æ3, Z=4. Full

crystal details are reported in Table III. The structure was solved

by direct methods and the refinement was carried out by full-matrix

anisotropic least-squares of F2 against all reflections. Atomic

scattering factors including f' and f’’ were taken from the literature

(5). Structure solution, refinement and molecular graphics were

performed by the WinGX package (6).

Antitumor activity (7)

Three cell panel. Each cell line was inoculated and preincubated on

a microtiter plate. Test agents were then added at a single

concentration and the culture incubated for 48 h. End-point

determinations were made with sulforhodamine B (SRB), a

protein-binding dye. Results for each test compound are reported

as the percent of growth of the treated cells when compared to the

untreated control cells.

Sixty cell panel. Each cell line was inoculated onto microtiter plates,

then preincubated for 24-28 h at 37ÆC for stabilization.

Subsequently, test agents were added in five 10-fold dilutions and

the culture was incubated for an additional 48 h in 5% CO2

atmosphere and 100% humidity. For each test agent, a dose-

response profile was generated. End-point determinations of cell

growth were performed by in situ fixation of cells, followed by

staining with SRB which binds to the basic amino acids of cellular

macromolecules. The solubilized stain was measured

spectrophotometrically in order to determine relative cell growth

in treated and untreated cells.

A plate reader was used to read the optical densities and a

microcomputer processed the optical densities in the special

concentration parameters: GI50, TGI e LC50. The optical density of
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Figure 3. X-ray crystal structure of compound 25 x H2O. The C and N atoms ellipsoids enclose 50% probability.
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Table I. Compounds in Figures 1 and 2.

Comp. x-y R Formula MW Mp, ÆC

or [ref.]

3c HC=CH c C11H7N3O2S 245.3 172-174

4c H2C-CH2 c C11H9N3O2S 247.3 156-158

5a CH3C=CH a [11]

5b CH3C=CH b [11]

5c CH3C=CH c C12H9N3O2S 259.3 185-186

6a C3H7C=CH a C14H13N3O2S 287.3 148-150

6b C3H7C=CH b C14H12ClN3O2S 321.8 110-111

6c C3H7C=CH c C14H13N3O2S 287.3 105-106

7a ClC=CH a [12]

7b ClC=CH b [13]

7c ClC=CH c C11H6ClN3O2S 279.7 164-165

8a HC=CCH3 a [11]

8b HC=CCH3 b [11]

8c HC=CCH3 c [14]

9a CH3C=CCH3 a [15]

9b CH3C=CCH3 b [13]

9c CH3C=CCH3 c C13H11N3O2S 273.3 202-203

10c HC=CH c C12H7N3O3S 273.3 227-228

11c H2C-CH2 c C12H9N3O3S 275.3 174-176

12a CH3C=CH a C13H9N3O3S 287.3 245-246

12b CH3C=CH b C13H8ClN3O3S 321.7 236-238

12c CH3C=CH c C13H9N3O3S 287.3 209-211

13a C3H7C=CH a C15H13N3O3S 315.3 139-141

13b C3H7C=CH b C15H12ClN3O3S 349.8 120-121

13c C3H7C=CH c C15H13N3O3S 315.3 105-107

14a ClC=CH a C12H6ClN3O3S 307.7 242-243 dec

14b ClC=CH b C12H5Cl2N3O3S 342.2 248-249

14c ClC=CH c C12H6ClN3O3S 307.7 195-197

15a HC=CCH3 a C13H9N3O3S 287.3 295-297 dec

15b HC=CCH3 b C13H8ClN3O3S 321.7 252-253 dec

15c HC=CCH3 c C13H9N3O3S 287.3 228-229

16a CH3C=CCH3 a C14H11N3O3S 301.3 248-249

16b CH3C=CCH3 b C14H10ClN3O3S 335.8 234-235

16c CH3C=CCH3 c C14H11N3O3S 301.3 236-238

17c HC=CH c C13H11N7O2S.HCl 365.8 320-321 dec

18c H2C-CH2 c C13H13N7O2S.2HCl 404.3 255-257 dec

19a CH3C=CH a C14H13N7O2S.HCl 379.8 337-338 dec

19b CH3C=CH b C14H12ClN7O2SØ2HCl 450.7 313-315 dec

19c CH3C=CH c C14H13N7O2SØHCl 379.8 330-332 dec

20a C3H7C=CH a C16H17N7O2SØ2HCl 444.3 328-329 dec

20b C3H7C=CH b C16H16ClN7O2SØ2HCl 478.8 293-295 dec

20c C3H7C=CH c C16H17N7O2SØ2HCl 444.3 300-301 dec

21a ClC=CH a C13H10ClN7O2SØHCl 400.3 345-346 dec

21b ClC=CH b C13H9Cl2N7O2SØHCl 434.7 329-330 dec

21c ClC=CH c C13H10ClN7O2SØHCl 400.3 323-326 dec

22a HC=CCH3 a C14H13N7O2SØHCl 379.8 292-293 dec

22b HC=CCH3 b C14H12ClN7O2SØHCl 414.3 292-293 dec

22c HC=CCH3 c C14H13N7O2SØHCl 379.8 300-301 dec

23a CH3C=CCH3 a C15H15N7O2SØ2HCl 430.3 290-291 dec

23b CH3C=CCH3 b C15H14ClN7O2SØHCl 428.3 292-293 dec

23c CH3C=CCH3 c C15H15N7O2SØHCl 393.9 290-291 dec

25 - - [1]

28 - - [1]

29 - - C22H14N4O2 366.4 246-247

30 - - C24H22N12Ø2HClØ4H2O 623.5 268-270 dec
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Table II. IR and 1H-NMR of the new compounds.

Comp IR:a Ómax cm-1 1H-NMR:b ‰, ppm in DMSO-d6 except for 16c (CF3COOD)

3c 1542, 1511, 1194, 779, 723 7.33 (1H, d, th, J=4.4), 7.69 (1H, t, ar-5, J=8.1), 7.99 (1H, d, th, J=4.4), 8.10 (1H, ddd, ar-4, J=8.1, 

J=2.2, J=1.3), 8.27 (1H, dt, ar-6, J=8.1, J=1.3), 8.49 (1H, s, im), 8.64 (1H, t, ar-2, J=2.2)

4c 1614, 1511, 1296, 1015, 743 3.92 (2H, t, thn, J=7.4), 4.25 (2H, t, thn, J=7.4), 7.62 (1H, t, ar-5, J=8), 7.99 (1H, s, im), 8.01 (1H, ddd, ar-

4, J=8, J=2.2, J=1), 8.11 (1H, dt, ar-6, J=8, J=1), 8.47 (1H, t, ar-2, J=2.2)

5c 1547, 1521, 1102, 886, 723 2.42 (3H, d, CH3, J=1.4), 7.67 (1H, t, ar-5, J=8), 7.75 (1H, q, th, J=1.4), 8.08 (1H, ddd, ar-4, J=8, J=2.2,

J=1.2), 8.24 (1H, dt, ar-6, J=8, J=1.2), 8.40 (1H, s, im), ), 8.60 (1H, t, ar-2, J=2.2)

6a 3129, 3094, 1598, 866, 728 0.95 (3H, t, CH3, J=7.2), 1.65 (2H, sex, CH2, J=7.2), 2.74 (2H, t, CH2, J=7.2), 7.80 (1H, s, th), 8.06 (2H, 

d, ar, J=9.2), 8.24  (2H, d, ar, J=9.2), 8.42 (1H, s, im)

6b 3142, 1594, 1200, 1046, 747 0.94 (3H, t, CH3, J=7.2), 1.64 (2H, sex, CH2, J=7.2), 2.73 (2H, t, CH2, J=7.2), 7.76 (1H, d, ar-5, J=8.4), 

7.79 (1H, s, th), 8.10 (1H, dd, ar-6, J=8.4, J=2.1), 8.36 (1H, s, im), 8.43 (1H, d, ar-2, J=2.1)

6c 3094, 1552, 1204, 1061, 728 0.95 (3H, t, CH3, J=7.2), 1.65 (2H, sex, CH2, J=7.2), 2.74 (2H, t, CH2, J=7.2), 7.67 (1H, t, ar-5, J=8), 7.78

(1H, s, th), 8.08  (1H, ddd, ar-4, J=8, J=2.2, J=1.2), 8.24 (1H, dt, ar-6, J=8, J=1.2), 8.39 (1H, s, im), 8.61

(1H, t, ar-2, J=2.2)

7c 1547, 1516, 1189, 1004, 717 7.68 (1H, t, ar-5, J=8), 8.10 (1H, ddd, ar-4, J= 8, J=2, J=1), 8.25 (1H, dt, ar-6, J=8, J=1), 8.34 (1H, s, th),

8.47 (1H, s, im),  8.61 (1H, t, ar-2, J=2)

9c 3150, 1548, 1520, 1060, 733 2.35 (3H, s, CH3), 2.36 (3H, s, CH3), 7.68 (1H, t, ar-5, J=8.1), 8.08 (1H, ddd, ar-4, J=8.1, J=2.1, J=1), 

8.25 (1H, dt, ar-6, J=8.1, J=1), 8.49 (1H, s, im), 8.62 (1H, t, ar-2, J=2.1)

10c 1649, 1527, 1260, 779, 723 7.65 (1H, d, th, J=4.4), 7.81 (1H, t, ar-5, J=8), 8.33 (1H, ddd, ar-4, J=8, J=2, J=1), 8.37 (1H, dt, ar-6, J=8,

J=1), 8.44 (1H,  d, th, J=4.4), 8.68 (1H, t, ar-2, J=2), 9.96 (1H, s, CHO)

11c 1644, 1521, 1265, 902, 717 4.06 (2H, t, thn, J=7.6), 4.53 (2H, t, thn, J=7.6), 7.76 (1H, t, ar-5, J=8.1), 8.27 (2H, m, ar-4,6),  8.57 (1H,

t, ar-2, J=2), 9.77 (1H, s, CHO)

12a 1642, 1519, 1345, 840, 707 2.54 (3H, d, CH3, J=1.5), 8.18 (2H, d, ar, J=8.7), 8.31 (1H, q, th, J=1.5), 8.35 (2H, d, ar, J=8.7), 9.96 (1H,

s, CHO)

12b 1649, 1529, 1321, 832, 723 2.53 (3H, s, CH3), 7.91 (1H, d, ar-5, J=8.5), 8.22 (1H, dd, ar-6, J=8.5, J=2.4), 8.29 (1H, s, th), 8.56 (1H, d,

ar-2, J=2.4), 9.93  (1H, s, CHO)

12c 1649, 1527, 907, 789, 717 2.53 (3H, d, CH3, J=1.4) 7.80 (1H, t, ar-5, J=8), 8.29 (1H, q, th, J=1.4), 8.33 (2H, m, ar-4,6), 8.65 (1H, t,

ar-2, J=1.8), 9.93 (1H, s, CHO)

13a 1639, 1342, 871, 840, 717 0.95 (3H, t, CH3, J=7.4), 1.68 (2H, sex, CH2, J=7.4), 2.87 (2H, t, CH2, J=7.4), 8.16 (2H, d, ar, J=8.8), 

8.29 (1H, s, th), 8.33  (2H, d, ar, J=8.8), 9.94 (1H, s, CHO)

13b 1650, 1541, 1323, 836, 723 0.95 (3H, t, CH3, J=7.5), 1.66 (2H, sex, CH2, J=7.5), 2.87 (2H, t, CH2, J=7.5), 7.90 (1H, d, ar-5, J=8.4), 

8.21 (1H, dd, ar-6,  J=8.4, J=2), 8.28 (1H, s, th), 8.54 (1H, d, ar-2, J=2), 9.92 (1H, s, CHO)

13c 1647, 1537, 1516, 728, 707 0.96 (3H, t, CH3, J=7.5), 1.68 (2H, sex, CH2, J=7.5), 2.88 (2H, t, CH2, J=7.5), 7.80 (1H, t, ar-5, J=8.2), 

8.33 (3H, m: 2H, ar- 4,6 + 1H, th), 8.66 (1H, t, ar-2, J=1.8), 9.93 (1H, s, CHO)

14a 3153, 1640, 1521, 1170, 706 8.20 (2H, d, ar, J=9), 8.36 (2H, d, ar, J=9), 8.73 (1H, s, th), 9.99 (1H, s, CHO)

14b 1644, 1537, 1312, 830, 723 7.93 (1H, d, ar-5, J=8.4), 8.25 (1H, dd, ar-6, J=8.4, J=2.2), 8.59 (1H, d, ar-2, J=2.2), 8.73 (1H, s, th), 9.97

(1H, s, CHO)

14c 1649, 1537, 1516, 835, 702 7.82 (1H, t, ar-5, J=8), 8.34 (1H, ddd, ar-4, J=8, J=2.2, J=1), 8.38 (1H, dt, ar-6, J=8, J=1), 8.69 (1H, t, ar-

2, J=2.2), 8.73 (1H, s, th), 9.98 (1H, s, CHO)

15a 1668, 1520, 1269, 865, 720 2.73 (3H, d, CH3, J=1.5),  7.21 (1H, q, th, J=1.5), 8.12 (2H, d, ar, J=8.8), 8.34 (2H, d, ar, J=8.8), 9.86 (1H,

s, CHO)

15b 1667, 1534, 1338, 754, 726 2.73 (3H, s, CH3), 7.21 (1H, s, th), 7.90 (1H, d, ar-5, J=8.4), 8.21 (1H, dd, ar-6, J=8.4, J=2), 8.57 (1H, d, 

ar-2, J=2), 9.88 (1H,  s, CHO)

15c 1666, 1536, 1153, 907, 728 2.73 (3H, d, CH3, J=1.5), 7.20 (1H, q, th, J=1.5), 7.80 (1H, t, ar-5, J=8), 8.32 (2H, m, ar-4,6), 8.67 (1H, t,

ar-2, J=2), 9.87 (1H,  s, CHO)

16a 1665, 1516, 1342, 871, 707 2.42 (3H, s, CH3), 2.66 (3H, s, CH3), 8.12 (2H, d, ar, J=9), 8.32 (2H, d, ar, J=9), 9.84 (1H, s, CHO)

16b 1670, 1532, 1347, 897, 840 2.41 (3H, s, CH3), 2.65 (3H, s, CH3), 7.90 (1H, d, ar-5, J=8.4), 8.19 (1H, dd, ar-6, J=8.4, J=2.8), 8.55 (1H,

d, ar-2, J=2.8), 9.88  (1H, s, CHO)

16c 1665, 1537, 897, 835, 717 2.59 (3H, s, CH3), 2.86 (3H, s, CH3), 7.92 (1H, t, ar-5, J=8.2), 8.16 (1H, dt, ar-6, J=8.2, J=1.2), 8.59 (1H,

ddd, ar-4, J=8.2, J=2, J=1), 8.68 (1H, t, ar-2, J=2), 9.89 (1H, s, CHO)

17c 1680, 1655, 1532, 1255, 666 7.56 (1H, d, th, J=4.3), 7.77 (3H, broad, NH2+NH), 7.81 (1H, t, ar-5, J=8), 8.15 (1H, dt, ar-6, J=8, J=1.1),

8.28 (1H, ddd, ar- 4, J=8, J=2, J=1.1), 8.51 (1H, t, ar-2, J=2), 8.55 (1H, s, CH), 8.70 (1H, d, th, J=4.3), 

11.83 (1H, s, NH)

18c 1670, 1603, 1342, 1168, 743 4.02 (2H, t, thn, J=7.4), 4.64 (2H, t, thn, J=7.4), 7.64 (3H, broad, NH2+NH), 7.74 (1H, t, ar-5, J=8), 8.03 

(1H, dt, ar-6, J=8,  J=1.4), 8.21 (1H, ddd, ar-4, J=8, J=2, J=1.4),  8.38 (2H, m: 1H, CH + 1H, ar-2), 11.98

(1H, s, NH)

19a 1673, 1595, 1512, 1106, 852 2.53 (3H, d, CH3, J=1.5), 7.72 (3H, broad, NH2+NH), 7.98 (2H, d, ar, J=9), 8.32 (2H, d, ar, J=9), 8.44 

(1H, q, th, J=1.5), 8.55  (1H, s, CH), 11.83 (1H, broad, NH)

19b 1680, 1629, 1532, 830, 712 2.52 (3H, d, CH3, J=1.5), 7.71 (3H, broad, NH2+NH), 7.88 (1H, d, ar-5, J=8.4), 8.00 (1H, dd, ar-6, J=8.4,

J=2.1), 8.33 (1H,  d, ar-2, J=2.1), 8.42 (1H, q, th, J=1.5),  8.47 (1H, s, CH), 11.66 (1H, s, NH)

>>>>



the test well after a 48-h period of exposure to the test drugs is T, the

optical density at time zero is T0 and the control optical density is C.

GI50 is the concentration of test drug where 100x(T-T0)/(C-T0)=50

TGI is the concentration of test drug where 100x(T-T0)/(C-T0)=0

LC50 is the concentration of test drug where 100x(T-T0)/T0= -50

(the control optical density is not used in the calculation of LC50).

CDK1 inhibitory activity

CDK1–cyclin B was extracted in homogenization buffer from M-

phase starfish (Marthasterias glacialis) oocytes and purified by affinity

chromatography on p9CKShs1–Sepharose beads, from which it was

eluted by free p9CKShs1 as described (8). The kinase activity was

assayed with 1 mg mL-1 histone H1 (Sigma type III-S), in the

presence of 15 ÌM [Á-32P]ATP (3,000 Ci mM-1; 1 mCi mL-1) in a

final volume of 30 ÌL. After a 10-min incubation at 30ÆC, 25-ÌL

aliquots of supernatant were spotted onto 2.5 x 3 cm pieces of

Whatman P81 phosphocellulose paper and, 20 sec later, the filters

were washed five times (for at least 5 min each time) in a solution of

10 mL phosphoric acid per liter water. The wet filters were counted

in the presence of 1 mL scintillation fluid (Amersham). The kinase

activity was expressed as a percentage of maximal activity.

Positive inotropic activity

The experiments were carried out on the guinea-pig papillary

muscles (4). The investigation was in agreement with the Guide for

the Care and Use of Laboratory Animals published by the

Lithuanian Food and Veterinary Service (Publication No. 4-300,

1998, revised 2002). Animals of either sex were stunned with a blow

on the neck. The heart was quickly excised and placed in gassed

Tyrode solution containing 144 mM/L NaCl, 1.8 mM/L CaCl2, 1

mM/L MgCl2, 4 mM/L KCl, 10 mM/L Tris-∏Cl and 5 mM/L

glucose at room temperature, pH 7.3-7.4. Thin ventricular papillary

muscle was isolated and inserted into an organ bath containing

Tyrode solution continuously gassed with 100% oxygen at 37ÆC.

Each papillary muscle was connected to an isometric force

transducer (6MX2B, Moscow, Russia) and electrically stimulated by

square-wave pulses of 5-ms duration at a voltage 20% above the

threshold at 1.0 Hz through carbon electrodes. The maximal value

perfusion of the preparation was approximately 4.5 mL/min. Each

experiment was performed on the papillary muscle prepared from

different guinea pigs. All measurements were obtained following no

less than a 60-min equilibration period when contraction had

reached a steady state. The inotropic response to the agent was
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19c 1675, 1655, 1537, 1255, 897 2.53 (3H, d, CH3, J=1.4), 7.75 (3H, broad, NH2+NH), 7.79 (1H, t, ar-5, J=8), 8.13 (1H, dt, ar-6, J=8, 

J=1.2), 8.27 (1H, ddd,  ar-4, J=8, J=2.2, J=1.2), 8.43 (1H, q, th, J=1.4), 8.48 (1H, t, ar-2, J=2.2), 8.51 (1H,

s, CH), 11.67 (1H, broad, NH)

20a 1701, 1624, 1168, 846, 707 0.98 (3H, t, CH3, J=7.5), 1.70 (2H, sex, CH2, J=7.5), 2.87 (2H, t, CH2, J=7.5), 7.34 (3H, broad, 

NH2+NH), 7.97 (2H, d, ar,  J=9), 8.32 (2H, d, ar, J=9), 8.43 (1H, s, th), 8.55 (1H, s, CH), 11.88 (1H, broad, NH)

20b 1682, 1638, 1045, 830, 721 0.97 (3H, t, CH3, J=7.4), 1.69 (2H, sex, CH2, J=7.4), 2.86 (2H, t, CH2, J=7.4), 7.73 (3H, broad, 

NH2+NH), 7.88 (1H, d, ar- 5, J=8.4), 8.01 (1H, dd, ar-6, J=8.4, J=2.2), 8.34 (1H, d, ar-2, J=2.2), 8.42 

(1H, s, th), 8.48 (1H, s, CH), 11.82 (1H, broad, NH) 

20c 1651, 1536, 1168, 907, 779 0.98 (3H, t, CH3, J=7.4), 1.70 (2H, sex, CH2, J=7.4), 2.87 (2H, t, CH2, J=7.4), 7.70 (3H, broad, 

NH2+NH), 7.79 (1H, t, ar- 5, J=8), 8.13 (1H, dt, ar-6, J=8, J=1.2), 8.27 (1H, ddd, ar-4, J=8, J=2, 

J=1.2), 8.43 (1H, s, th), 8.48 (1H, t, ar-2, J=2), 8.51 (1H, s, CH), 11.85 (1H, broad, NH)

21a 1680, 1655, 1511, 1158, 846 7.87 (3H, broad, NH2+NH), 7.97 (2H, d, ar, J=9), 8.32 (2H, d, ar, J=9), 8.55 (1H, s, CH), 8.90 (1H, s, th),

12.00 (1H, broad, NH)

21b 1680, 1644, 1163, 825, 717 7.80 (3H, broad, NH2+NH), 7.91 (1H, d, ar-5, J=8.4), 8.01 (1H, dd, ar-6, J=8.4, J=2.2), 8.35 (1H, d, ar-2,

J=2.2), 8.49 (1H,  s, CH), 8.90 ( 1H, s, th), 11.81 (1H, broad, NH)

21c 1680, 1655, 1542, 1158, 897 7.80 (3H, broad, NH2+NH), 7.81 (1H, t, ar-5, J=8.2), 8.14 (1H, dt, ar-6, J=8, J=1.2), 8.29 (1H, ddd, ar-4,

J=8.2, J=2.2, J=1.2), 8.49 (1H, t, ar-2, J=2.2), 8.52 (1H, s, CH), 8.91 (1H, s, th), 11,78 (1H, broad, NH) 

22a 1685, 1639, 1516, 1342, 866 2.56 (3H, d, CH3, J=1.2), 7.11 (1H, q, th, J=1.2), 7.70 (3H, broad, NH2+NH), 8.02 (2H, d, ar, J=9.2), 8.30

(2H, d, ar, J=9.2), 8.58 (1H, s, CH), 12.08 (1H, broad, NH)

22b 1685, 1644, 1306, 1163, 717 2.57 (3H, d, CH3, J=1.5), 7.10 (1H, q, th, J=1.5), 7.64 (3H, broad, NH2+NH), 7.83 (1H, d, ar-5, J=8.4), 

8.09 (1H, dd, ar-6, J=8.4, J=2.1), 8.50 (1H, d, ar-2, J=2.1), 8.61 (1H, s, CH), 12.00 (1H, broad, NH)

22c 1684, 1636, 1132, 1096, 687 2.58 (3H, d, CH3, J=0.9), 7.10 (1H, q, th, J=0.9), 7.66 (3H, broad, NH2+NH), 7.75 (1H, t, ar-5, J=8.1), 

8.22 (2H, m, ar), 8.61  (2H, m: 1H, ar + 1H, CH),  12.07 (1H, s, NH)

23a 1675, 1608, 1337, 1143, 851 2.39 (3H, s, CH3), 2.46 (3H, s, CH3), 7.67 (3H, broad, NH2+NH), 8.01 (2H, d, ar, J=8.8), 8.28 (2H, d, ar,

J=8.8), 8.59 (1H,  s, CH), 12.12 (1H, broad, NH)

23b 1675, 1639, 1562, 1527, 846 2.39 (3H, s, CH3), 2.48 (3H, s, CH3), 7.66 (3H, broad, NH2+NH), 7.81 (1H, d, ar-5, J=8.4), 8.08 (1H, dd,

ar-6, J=8.4, J=2.2), 8.50 (1H, d, ar-2, J=2.2), 8.63 (1H, s, CH), 12.00 (1H, broad, NH)

23c 1675, 1639, 1537, 897, 717 2.39 (3H, s, CH3), 2.48 (3H, s, CH3), 7.66 (3H, broad, NH2+NH), 7.73 (1H, t, ar-5, J=8.2), 8.21 (2H, m, 

ar-4,6), 8.61 (1H, t,  ar-2, J=2.2), 8.64 (1H, s, CH), 12.12 (1H, broad, NH)

29 1670, 1629, 1506, 764, 687 7.53 (3H, m: 1H, pym + 2H, ar), 7.61 (4H, m, ar), 8.02 (2H, m, ar), 8.20 (2H, m, ar), 9.26 (1H, d, pym, 

J=7.8), 10.12 (1H, s, CHO), 11, 36 (1H, s, CHO)

30 1681, 1614, 1152, 777, 722 7.32 (1H, d, pym, J=7.8), 7.53 (6H, m, ar), 7.84 (6H, broad, NH2+NH), 7.89 (2H, d, ar, J=7.8), 8.01 (2H, 

d, ar, J=7.8), 8.64 (1H, s, CH), 9.31 (1H, d, pym, J=7.8), 9.56 (1H, s, CH), 12.08 (1H, s, NH), 12.45 (1H, s, NH)

a In all the guanylhydrazones the NH groups give broad bands in the range  3500 -3058 cm-1.
b Abbreviations: th=thiazole, thn=thiazoline, ar= aromatic, pym=pyrimidine, im=imidazole



obtained in a concentration-dependent fashion and expressed as a

percentage of the maximal response to the initial value under

normal (control) conditions. 

In parallel to the recording of the papillary muscles isometric

contraction, the transmembrane potential was detected using a

standard microelectrode technique. The microelectrodes were

made from borosilicate glass capillaries (GC150F-10, Harvard Part

No. 30-0057) and filled with 3 M/L KCl. 

Both signals (inotropic response and transmembrane action

potential) were digitized at a minimum sampling rate of 10 kHz

with a 12-bit A/D converter (Digidata 1200, Axon Instruments,

USA) and recorded with a computer. The signals were preserved

there and analyzed to obtain maximal contraction amplitude and

the action potential duration (APD) at 25, 50, 75 and 90% of

repolarization (APD25, APD50, APD75, APD90, respectively).

The test compound was dissolved in DMSO so that in a final

testing solution the concentration of DMSO was not higher than

0.1 %. This concentration of DMSO did not affect contractile force

and action potential duration. Data are presented as mean ± SE.

Results and Discussion

In vitro growth inhibition and cytotoxicity. The test was

performed by the National Cancer Institute (NCI, Bethesda,

MD, USA) as in our previous paper (9). According to a

primary screening, compounds 17-23 and 30 were evaluated for

their cytotoxic potency on three human cell lines, such as NCI-

H460 lung cancer, MCF7 breast cancer and SF-268 glioma. A

compound is considered active when it reduces the growth of

any of the cell lines to 32% or less (negative numbers indicate

cell kill) and it is passed on for evaluation in the full panel of

sixty cell lines. All the compounds were active.

The panel of sixty human tumor cell lines is organized

into subpanels representing leukemia, melanoma and

cancers of lung, colon, kidney, ovary, breast, prostate and

central nervous system. The test compounds (17-23 and

30) were evaluated using five concentrations at ten-fold

dilutions, the highest being 10-4 M and the others 10-5,

10-6, 10-7, 10-8 M.

Table IV reports the results obtained expressed as log10,

taking into consideration the growth inhibitory power

(GI50), the cytostatic effect (TGI) and the cytotoxic effect

(LC50). For comparison purposes, the results obtained by

two well known agents are also reported: Methyl-GAG

(methylglyoxal bis-guanylhydrazone dihydrochloride), since

its structure is related to that of the guanylhydrazones here

described and 6-Thioguanine, since it gave the best

correlation in a COMPARE analysis (http://dtp.nci.nih.

gov/docs/compare/compare_methodology.html) against the

standard agents (see below). The antitumor data from these

and other reference drugs are available at the NCI website

(http://dtp.nci.nih.gov/docs/cancer/searches/standard_agent_

table.html).

As shown in Table IV, if we look at the substituent in

position 6, the less active compounds (from the MG-MID

point of view) are those bearing the 3-nitrophenyl group

and in particular those unsusbstituted at the 2,3 positions.

Nevertheless the 3-methyl derivative (22c) was about as

active as the 4-chloro-3-nitrophenyl analog (22b) and the 2-

propyl derivative (20c) showed potent activity on the TK-10

line of renal cancer (GI50 -7.39).

Compounds bearing the 4-chloro-3-nitrophenyl group at

the 6 position were more interesting: the best was the 2-

methyl derivative (19b) which is under review by BEC

(Biological Evaluation Committee of the NCI) and the 2-

propyl derivative (20b) which showed a behavior analogous

to 20a, including the selectivity towards leukemia even

though with a less favorable therapeutic index.

Compounds bearing the 4-nitrophenyl group were even

more potent. The 2-chloro derivative 21a is the most active

of the whole series. The 2-propyl derivative (20a) was

selective for leukemia and showed a good therapeutic index

(GI50 -6.51 and LC50 -4.69): for those reasons it is currently

under review by BEC.

Compound 30 has a structure different from the

previously considered compounds so SARs are not possible

at present. It did not show a potent antitumor activity but

since it was selective for one of the ovarian cell lines

(IGROV1, GI50 -5.68), it will be taken into account as a

possible new lead.

Positive inotropic activity. The positive inotropic activity of

compound 19b was evaluated in view of a possible

coanthracyclinic activity (4). With the procedure described

compound 19b showed a weak but significant positive
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Table III. Crystal data for compound 25.

Formula C12H10N4 x H2O

M 228.26

Crystal size/(mm) 0.4 x 0.3 x 0.4

Crystal system Tetragonal

Space group P43 (n. 78)

a/∞Æ 13.931(1)

c/∞Æ 5.713(1)

U/∞Æ3 1108.7(2)

Temperature /K 293(2)

Z 4

F(000) 480

Dc/g cm-3 1.367

Ì(Mo-K·)/mm-1 0.09

Scan mode ˆ/2ı

Scan range/Æ 2.1≤ı≤27.5

Scan width/Æ 1.06

Scan speed/Æ min-1 3

Independent reflections 1646

Obs. reflections  (I > 2Û(I)) 1431

N. parameters refined 154

R1 (I > 2Û(I)) 0.039

wR2 (I > 2Û(I)) 0.1022
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Table IV. Sixty cell panel: growth inhibition, cytostatic and cytotoxic activity of compounds 17-23 and 30.

NSC Comp a Modes Leukemia NSCLC Colon CNS Melanoma Ovarian Renal Prostate Breast MG-MID b

722875 17c GI50 -5.26 -5.17 -5.53 -5.42 -5.12 -5.45 -5.24 -5.23 -5.41 -5.30

TGI -4.27 -4.41 -4.88 -4.95 -4.70 -4.90 -4.76 -4.61 -4.96 -4.70

LC50 -4.00 -4.06 -4.15 -4.00 -4.13 -4.30 -4.15 -4.06 -4.16 -4.11

722865 18c GI50 -4.77 -4.69 -4.82 -4.78 -4.73 -4.69 -4.67 -4.74 -4.78 -4.74

TGI -4.22 -4.32 -4.23 -4.40 -4.37 -4.33 -4.31 -4.39 -4.37 -4.32

LC50 -4.02 -4.05 -4.02 -4.06 -4.09 -4.09 -4.08 -4.08 -4.04 -4.06

720137 19a GI50 -6.13 -5.93 -6.28 -6.02 -5.93 -6.25 -5.90 -5.72 -6.12 -6.04

TGI -5.49 -5.55 -5.90 -5.57 -5.57 -5.93 -5.56 -5.56 -5.35 -5.62

LC50 -4.00 -5.18 -5.46 -5.30 -5.23 -5.59 -4.93 -4.63 -4.00 -4.96

720136 19b GI50 -6.18 -5.84 -6.34 -5.97 -6.21 -6.09 -6.03 -5.79 -5.95 -6.06

TGI -5.51 -5.52 -5.93 -5.60 -5.66 -5.98 -5.56 -5.52 -5.20 -5.62

LC50 -4.00 -5.32 -4.87 -5.26 -4.88 -5.47 -5.23 -4.00 -4.00 -4.82

722871 19c GI50 -5.94 -5.72 -6.09 -5.80 -5.79 -5.88 -5.71 -5.76 -5.62 -5.81

TGI -5.04 -5.40 -5.20 -5.50 -5.47 -5.39 -5.33 -5.44 -5.25 -5.33

LC50 -4.54 -4.66 -4.78 -5.19 -5.03 -4.82 -4.84 -5.11 -4.83 -4.85

723552 20a GI50 -6.51 -5.61 -6.12 -5.59 -5.59 -5.76 -5.69 -5.70 -5.73 -5.80

TGI -6.08 -5.19 -4.98 -5.15 -5.15 -5.43 -5.34 -5.30 -5.13 -5.35

LC50 -4.69 -4.30 -4.00 -4.05 -4.00 -4.00 -4.68 -4.00 -4.00 -4.18

723549 20b GI50 -6.16 -5.73 -5.90 -5.75 -5.76 -5.81 -5.76 -5.75 -5.74 -5.82

TGI -5.79 -5.47 -5.58 -5.51 -5.48 -5.51 -5.48 -5.47 -5.44 -5.53

LC50 -5.66 -4.61 -4.87 -4.93 -5.23 -5.28 -5.24 -5.20 -4.31 -5.02

723551 20c GI50 -5.82 -5.65 -5.68 -5.73 -5.75 -5.73 -5.83 -5.67 -5.69 -5.73

TGI -5.45 -5.30 -5.33 -5.43 -5.45 -5.39 -5.45 -5.27 -5.31 -5.39

LC50 -4.92 -4.49 -4.23 -4.61 -5.17 -4.59 -5.06 -4.23 -4.39 -4.66

720135 21a GI50 -6.50 -6.22 -6.47 -6.27 -6.35 -6.24 -6.16 -5.98 -6.38 -6.31

TGI -5.55 -5.77 -6.04 -5.80 -5.84 -5.93 -5.73 -5.69 -5.62 -5.80

LC50 -4.00 -5.35 -5.20 -5.63 -5.18 -5.59 -5.25 -4.67 -4.83 -5.10

722868 21b GI50 -5.84 -5.45 -5.61 -5.63 -5.63 -5.68 -5.52 -5.72 -5.52 -5.60

TGI -4.00 -4.90 -4.29 -5.02 -5.28 -5.06 -5.07 -5.42 -5.17 -4.90

LC50 -4.00 -4.15 -4.02 -4.00 -4.22 -4.56 -4.29 -4.00 -4.29 -4.17

722874 21c GI50 -5.90 -5.41 -5.60 -5.61 -5.34 -5.60 -5.35 -5.64 -5.23 -5.49

TGI -5.05 -4.89 -4.68 -5.44 -4.79 -4.96 -4.73 -4.00 -4.82 -4.87

LC50 -4.00 -4.00 -4.00 -4.00 -4.00 -4.26 -4.24 -4.00 -4.00 -4.06

720140 22a GI50 -5.74 -6.04 -6.20 -5.78 -5.79 -5.95 -5.79 -5.72 -5.94 -5.91

TGI -5.43 -5.49 -5.58 -5.49 -5.49 -5.55 -5.47 -5.53 -5.32 -5.48

LC50 -4.00 -5.21 -5.20 -5.24 -5.22 -5.04 -4.90 -4.63 -4.96 -5.00

720138 22b GI50 -5.84 -5.90 -5.90 -5.82 -5.86 -5.91 -5.79 -5.75 -5.79 -5.85

TGI -4.72 -5.53 -5.54 -5.52 -5.52 -5.55 5.49 -5.43 -5.45 -5.48

LC50 -4.00 -5.22 -5.03 -5.22 -5.09 -5.26 -5.24 -4.63 -4.67 -4.99

720139 22c GI50 -5.90 -5.87 -6.08 -5.77 -5.78 -5.78 -5.83 -5.73 -5.76 -5.84

TGI -5.75 -5.42 -5.54 -5.48 -5.49 -5.48 -5.47 -5.41 -5.37 -5.48

LC50 -5.27 -5.02 -5.07 -5.24 -5.24 -4.99 -5.03 -4.63 -4.84 -5.04

720147 23a GI50 -6.40 -5.88 -6.51 -6.07 -6.09 -5.91 -5.93 -5.89 -6.08 -6.09

TGI -5.86 -5.57 -6.04 -5.75 -5.66 -5.57 -5.61 -5.57 -5.57 -5.68

LC50 -4.00 -5.06 -5.43 -5.55 -5.34 -5.28 -5.36 -5.24 -4.83 -5.19

720143 23b GI50 -5.94 -5.85 -6.20 -5.92 -5.89 -5.87 -5.85 -5.76 -5.91 -5.92

TGI -5.47 -5.52 -5.73 -5.56 -5.53 -5.56 -5.53 -5.36 -5.48 -5.55

LC50 -4.00 -5.00 -5.30 -5.22 -5.17 -5.25 -5.25 -4.00 -4.61 -5.06

720144 23c GI50 -5.74 -5.77 -5.78 -5.75 -5.76 -5.78 -5.77 -5.76 -5.67 -5.75

TGI -5.44 -5.50 -5.50 -5.48 -5.50 -5.49 -5.49 -5.49 -5.30 -5.47

LC50 -4.38 -5.25 -5.23 -5.22 -5.25 -5.21 -5.23 -4.00 -4.75 -5.08

720134 30 GI50 -4.03 -4.34 -4.47 -4.20 -4.37 -4.54 -4.25 -4.22 -4.18 -4.30

TGI -4.00 -4.03 -4.00 -4.00 -4.02 -4.00 -4.00 -4.00 -4.00 -4.01

LC50 -4.00 -4.00 -4.00 -4.00 -4.00 -4.00 -4.00 -4.00 -4.00 -4.00

32946 Methyl- GI50 -5.10 -4.60 -4.90 -4.70 -4.40 -4.80 -4.70 -4.00 -4.80 -4.67

GAG c TGI -3.20 -3.50 -3.30 -3.60 -3.50 -3.50 -3.30 -2.80 -3.50 -3.36

LC50 -2.60 -2.80 -2.90 -3.00 -3.00 -2.80 -2.70 -2.60 -2.80 -2.80

752 6- GI50 -6.50 -5.60 -5.80 -5.60 -5.80 -6.00 -5.90 -5.90 -5.80 -5.88

Thiogu- TGI -4.60 -4.20 -4.30 -4.10 -4.60 -4.40 -4.30 -3.80 -4.30 -4.29

anine d LC50 -3.60 -3.60 -3.70 -3.60 -3.70 -3.60 -3.60 -3.60 -3.60 -3.62

a All values are log10. Highest conc. = 10-4 M       b Calculated mean panel       c Highest conc. = 10-2.6M       d Highest conc. = 10-3.6M



inotropic activity at 10-7 M (16±3.3% increase compared to

control). The well known positive inotropic agent amrinone,

at the same concentration, did not produce any effect.

Mechanism of action. As a first attempt to investigate the

mechanism of the antitumor activity, most of the

guanylhydrazones prepared were tested in a CDK1/cyclin B

kinase inhibition assay (8) since this kinase and other members

of the CDK family may be involved in various human tumors

(10). None of the compounds showed significant inhibition.

As a second attempt, compound 19b (one of the two

compounds at BEC) was analyzed by means of COMPARE

against the standard agents (as we mentioned above) and

against the molecular targets. In the first case the program

found the best correlation (the coefficient was around 0.3)

for the following standard agents: 6-Thioguanine,

Cyanomorpholino-adriamycin, Triciribine phosphate and

Bleomycin, thus failing to furnish useful information since

those compounds work with different mechanisms of action.

In the second case, the best coefficient (around 0.5) was

found for several tyrosine kinase receptors. Taking into

account that among the standard agents no antiangiogenetic

drugs are reported, we believe that tyrosine kinase receptors

may be involved as molecular targets in the mechanism of

action of the guanylhydrazones described in this paper.

Conclusion

All the guanylhydrazones prepared showed antitumor

activity at the primary level (three human cell lines). Several

compounds showed promising activity at the second level

(sixty human cell lines) and two of them are currently under

review by BEC. We believe that these compounds deserve

further studies and testing of new analogs may be useful for

a better understanding of the mechanism of action, even as

possible coanthracyclinic agents.
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