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A series of 5-(Z)-arylidene-2-amino-4-imidazolidinones 16-34, 5-(Z)-arylidene-2-(2-carbox-
yphenylamino)-4-imidazolidinones 35-41, 5-(Z)-arylidene-3-aminomethyl-2-thioxo-4-imi-
dazolidinones 42-55 and 5-(Z)-arylidene-3-aminomethyl-2-methylmercapto-
4-imidazolidinones 56-67 have been synthesized via two different routes. Conformational
analysis and antitumor activities have been studied. The antitumor activity of these com-
pounds showed broad spectrum of activity against a wide range of different human cell lines
of nine tumor subpanels causing both cytostatic and cytotoxic potency.

Keywords: 2-Thioxo-4-imidazolidinone; 5-(Z)-arylidene-4-imidazolidinone derivatives;
conformational analysis and antitumoral activity

INTRODUCTION

There has been considered interest in the synthesis and biological evalua-
tion of the derivatives of imidazolidinone. They are not only feasible syn-
thetic intermediates but also have been found to be a useful therapeutic
agents possessing anticonvulsant(), antﬁnﬂammatory[2'3], antitumor*-5!
and antiviral activities!’®). In the course of identifying new chemical

* Present address: Laboratoire de Chimie XII, Université de Poitiers et CNRS, 40 Avenue
du Recteur Pineau, F-86022 Poitiers, France. Fax: (00) 33 (05) 49 45 35 01, E-Mail:
ahmed.khodair @mailexcite.com.

t Cormresponding author.
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structures which may serve as leads for designing novel antitumors agents,
we were particularly interested in imidazolidinones. In this respect, the
linking of this synthon to an hydrophilic and lipophilic moieties such as a
hydroxymethylpiperidine, morpholine, piperidine and aminobenzoic acid
were considered. The present work describes the synthesis, conforma-
tional analysis and biological testing of 5-(Z)-arylidene-2-amino-4-imida-
zolidinones 16-34, 5-(Z)-arylidene-2-(2-carboxyphenylamino)-4-
imidazolidinones 35-41, 5-(Z)-arylidene-3-aminomethyl-2-thioxo-4-imi-
dazolidinones 42-55 and 5-(Z)-arylidene-3-aminomethyl-2-methylmer-
capto-4-imidazolidinones 56—67.

RESULTS AND DISCUSSION

Aromatic aldehydes were condensed with 2-thioxo-4-imidazolidinone 1
by refluxing in a solution of sodium acetate and acetic acid to give 5-aryli-
dene-2-thioxo-4-imidazolidinones  2-8(10-111, Compounds 2-8 were
reacted with iodomethane in the presence of aqueous methanolic sodium
hydroxide to obtain 5-arylidene-2-methylmercapto-4-imidazolidinones 9-
151101 The appropriate secondary amines such as morpholine, piperid-
ine and 3-hydroxymethylpiperidine were reacted with 9-15 by refluxing in
anhydrous ethanol to afford 5-(Z)arylidene-2-morpholino-4-imidazolidi-
nones 16-22, 5-(Z)-arylidene-2-piperidino-4-imidazolidinones 23-28 and
5-(Z)arylidene-2-(3-hydroxymetylpiperidino)-4-imidazolidinones 29-34,
respectively. Compounds 16-34 were also independently synthesized
through another pathway via the condensation of 2-thioxo-4-imidazolidi-
none 1 with aromatic adehydes in the presence of ethanolic potassium
hydroxide at room temperature followed by the addition of iodomethane at
room temperature and finally followed by the addition of secondary amine
under reflux. The structure of compounds 16-34 were established on the
basis of their elemental analysis and spectral data (IR, 1H-NMR,
I3C-NMR and MS). The IR spectrum of compound 29 was characterized
by the presence of absorptions at 3430, 3190 and 1717 cm™! due to OH,
NH and C=0 groups, respectively. The 'H-NMR spectrum of compound
29 showed a triplet-doublet at 1.27,1.49 ppm with coupling constant
10.50 Hz was assigned to H-4’. The triplet-triplet at 2.86, 3.06 ppm with
J=11.30 Hz was due to H-2". The singlet at & 4.63 ppm was assigned to
OH group (exchangeable with D,0). The singlet at 8 6.28 ppm was
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SCHEME 1

assigned to the vinyl proton, indicating the presence of a E-configuration
for the exocyclic double bond, in agreement with the 'H-NMR spectra of
5-(E)- and 5-(Z)-arylidene-2,4-imidazolidinedione derivatives whose vinyl
protons respectively appear at & 6.10-6.35 and 6.40-6.75 ppm“z“m]. The
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singlet at & 11.25 ppm was assigned to N3-H, in agreement with the
'H-NMR spectra of 5-(E)- and S5-(Z)-arylidenehydantoin derivatives
whose N{-H and N3-H respectively appear at 8 10.29-10.72 and 11.10-
11.38 ppm“z—.“]. The '*C-NMR spectrum of compound 29 showed the
presence of a signal at 111.07 ppm was assigned to the vinilic carbon, indi-
cating the presence of a Z-configuration for the exocyclic double bond, in
agreement with the '>C-NMR spectra of 5-(Z)- and 5-(E)-aryli-
dene-2,4-imidazolidinedione derivatives respectively give signals at &
105-112 ppm and 113-120 ppm“z_“” {Scheme 1).

At this stage, calculations at the AM1 levell!3] were considered in order
to determine the relative energies of the possible tautomeric forms. These
also allow determination of the relative energies of the E and Z isomers of
arylidenehydantoin derivatives. It was found that the Z-isomer is more sta-
ble by 2—4 kca/mol for 29 and thus no double bond isomerisation is antici-
pated. For compound 29, the 4 tautomeric forms o, B, v, and & were
considered. This result confirms that the exocyclic double bond must be Z.
It was also found that the internal C=N, double bond is most stable C=Nj.
Those results show that 29 must be present as o form and can be applied to
compounds 16-34.

H H Ph Ph

Ph—\S__(o ""—\g__(o "‘S__(o "—g_(o
\/m HYN NYNH HNYN
OGO NG
Form (AE kcal/mol) a (-6) f(—4) y(-4.3) §(0)

FIGURE 1 Relative energies (kca/mol) of toutomers (t-8) for compound 29

It was reported that S-arylidene-2-methylmercapto-4-imidazolidinone
9-15 were reacted with 2-aminobenzoic acid by fusion at 150 °C or by
boiling in glacial acetic acid to give arylideneimadazoquinazolinedione
derivatives!!%! which proved to possess variety of biological activities!! 71,
We have found that when the same above reactants were carried out in
boiling ethanol, the corresponding 5-(Z)-arylidene-2-(2-carboxyphe-
nylamino)-4-imidazolidinones 35-41 were obtained instead of the antici-
pated arylideneimadazoquinazolinediones!'®). Compounds 35-41 were
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also independently synthesized through another pathway via the condensa-
tion of 2-thioxo-4-imidazelidinone 1 with aromatic adehydes in the pres-
ence of ethanolic potassium hydroxide at room temperature followed by
the addition of iodomethane at room temperature and finally followed by
the addition of 2-aminobenzoic acid under reflux. The structures of 3541
were confirmed based on elemental analysis and spectral data (IR,
TH.NMR, '>C-NMR and MS). The IR spectrum of compound 35 was
characterized by the presence of the absorption bands at 1704 and 1657
em™! were due to the presence of C=0 and COOH groups. The 'H-NMR
spectrum of compound 35 showed a singlet at 6.63 ppm was assigned to
the vinylic proton, indicating the presence of a Z-configuration for the exo-
cyclic double bond. The singlet at 8.65 ppm was due to the carboxylic pro-
ton (exchangeable with D,0). The broad singlets at 10.96 and 11.60 ppm
were assigned to N;-H and Ns-H, respectively. The 3C.NMR spectrum of
compound 36 showed the presence of a signal at 114.46 ppm was assigned
to the vinilic carbon, indicating the presence of a E-configuration for the
exocyclic double bond, in agreement with the 13C.NMR spectra of 5-(Z)-
and 5-(E)-arylidene-2,4-imidazolidinedione derivatives respectively give
signals at & 105-112 ppm and 113-120 ppmm_l‘” (Scheme 2). At this
stage, acidic hydrolysis of 36 was considered. It was found that the acidic
hydrolysis of 36 gave the corresponding 5-(Z)-(4-methoxybenzyli-
dene)—2,4-imidazolidinedione[12] (Scheme 2).
5-(Z)-Arylidene-3-aminomethyl-2-thioxo-4-imidazolidinones 42-55
were prepared from the direct condensation of the corresponding
5-(Z)-arylidene-2-thioxo-4-imidazolidinones 2—-8 with formaldehyde solu-
tion and secondary amines in ethanol at room temperature. Compounds
42-55 could be prepared from the indirect condensation of 2-thioxo-4-imi-
dazolidinone 1 with aromatic aldehydes in the presence of a secondary
amines in ethanol, followed by the addition of aqueous formaldehyde at
room temperature. Compounds 42-55 were reacted with iodomethane in
anhydrous methanol, in the presence of sodium methoxide, to yield the
corresponding 5-(Z)-arylidene-3-aminomethyl-2-methyl-mercapto-4-imi-
dazolidinones 56—67. Compounds 56—67 were independently synthesized
through another pathway via condensation of 5-arylidene-2-methylmer-
capto-4-imidazolidinone 9-15 with formaidehyde solution and secondary
amines. The structure of compounds 56-67 could be established and con-
firmed for the reaction products on the bases of spectral data (IR,
IH-NMR, I3C_NMR and MS). The IR spectrum of compound 56 was
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characterized by the absence of a signal for an NH group and the presence
of the carbonyl group at 1712 cm™'. The 'H-NMR spectrum of compound
56 showed a singlet at 2.69 ppm was assigned to SCH; group. The singlet
at 6.63 ppm was assigned to the vinylic proton, indicating the presence of
a Z-configuration for the exocyclic double bond. The singlet at 4.29 ppm
was due to the methylene group. The BC-NMR spectrum of compound 58
showed the presence of a signal at 124.42 ppm was assigned to the vinilic
carbon, indicating the presence of a E-configuration for the exocyclic dou-
ble bond, in agreement with the I3BC.NMR spectra of S5-(Z)- and
5-(E)-arylidene-2,4-imidazolidinedione derivatives respectively give sig-
nals at § 105-112 ppm and 113-120 ppm!'2'¥ (Scheme 2). At this stage,
basic hydrolysis of 58 was considered. It was found that the basic hydroly-
sis of 58 gave the corresponding 5-(Z)-(4-methylbenzylidene)- 2,4-imida-
zolidinedionel ' (Scheme 3).
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TABLE 11 IR and 'H NMR data for the compounds listed in TABLE I

Com- IR (KBr) (cm™) 'H-NMR (Me,S0) /8
pound
16 3152 (NH), 1710 3.36 (4H, t, J = 4.8 Hz, H-2, H-6), 3.66 (4H, t,

17

18

19

20

21

22

23

24

25

26

27

28

(CO).

3158 (NH), 1712
(CO).

3150 (NH). 1700
(CO).

3157 (NH), 1708
(CO).

3420 (OH), 3150

(NH), 1705 (CO).

3160 (NH), 1715
(CO).

3156 (NH), 1712
(COy.

3198 (NH), 1715
(CO).

3192 (NH), 1710
(CO).

3152 (NH), 1710
(CO).

3196 (NH),1717 (CO).

3195 (NH),1712 (CO).

3190 (NH),1708 (CO).

J =4.6 Hz, H-3', H-5"), 6.35 (1H, s, =CH), 7.28-8.08 (5H,
m, H-Ar), 11.20 (1H, s, N3-H).

3.35(4H, t,J = 4.9 Hz, H-2', H-6"), 3.64 (3H, s, OCH3),
3.77 (4H, 1, ] = 4.5 Hz, H-3", H-5), 6.35 (1H, 5, =CH),
6.88, 6.99 (4H, 2d, H-Ar), 11.21 (1H, §, N3-H).

2.30(3H, s, CHy), 3.36 (4H, t, ] = 4.5 Hz, H-2, H-6"), 3.65
(4H, t,J = 4.4 Hz, H-3', H-5"), 6.34 (1H, s, =CH), 7.16,
7.90 (4H, 2d, H-Ar), 11.20(1H, s, N3-H).

3.34 (4H,t,J = 4.7 Hz, H-2’, H-6"), 3.66 (4H, t,
J=4.5Hz, H-3, H-5"), 6.33 (1H, s, =CH), 7.40, 8.10 (4H,
2d, H-Ar), 11.22 (1H, s, N3-H).

'H-NMR 8 3.51 (4H, t,J = 4.8 Hz, H-2', H-6"), 3.63 (4H,
t, J =4.6 Hz, H-3’, H-5'), 6.32 (1H, s, =CH), 6.76, 7.90
(4H, 2d, H-Ar), 10.40 (2H, br. s, OH, N3-H).

335 (4H, t, J = 4.9 Hz, H-2', H-6'), 3.65 (4H, 1,

J =45 Hz, H-3, H-5"), 6.70 (1H, s, =CH), 7.05 (1H, 1,
H-4"), 7.40 (1H, d, H-3"), 7.60 (1H, d, H-5"), 11.50 (1 H,
s, N3-H).

3.35 (4H,, ] = 4.8 Hz, H-2', H-6"), 3.65 (4H, t,

J =43 Hz, H-3, H-5"), 6.29 (1H, s, =CH), 6.60 (1H, t,
H-4"),7.08 (1H, d, H-3"), 7.70 (1H, d, H-5"), 11.32 (1H,
s, N}-H).

0.82-1.63 (6H, m, H-3’, H-4", H-5"), 3.24 (4H, m, H-2’,
H-6"), 6.27 (1H, s, =CH), 7.28-8.00 (5H, m, H-Ar), 10.63
(IH, s, Ny-H).

0.91-1.65 (6H, m, H-3', H-4", H-5"), 3.36 (4H, m, H-2",
H-6"), 3.78 (3H, s, OCH3), 6.27 (1H, s, =CH), 6.80, 7.82
(4H, 2d, H-Ar), 10.63 (1H, s, N3-H).

0.82-1.63 (6H, m, H-3’, H-4, H-5"), 2.30 (3H, 5, CH3),
3.36 (4H, m, H-2', H-6"), 6.25 (1H, s, =CH), 7.22, 7.80
(4H, 2d, H-Ar), 10.71 (1H, s, N5-H).

0.82-1.63 (6, m, H-3’, H-4", H-5"), 3.35 (4H, m, H-2’,
H-6", 6.25 (1H, s, =CH), 7.34, 8.01 (4H, m, H-Ar), 10.82
(1H, s, N3-H).

0.82-1.65 (6H, m, H-3", H-4, H-5), 3.27 (41, m, H-2/,
H-6'). 6.61 (1H, s, =CH), 7.35 (1H, t, H-4"), 7.52 (14, d,
H-3"), 7.60 (1H, d, H-5"), 10.76 (1H, s, N-H).

0.82-1.53 (6H, m, H-3’, H-4', H-5"), 3.37 (4H, m, H-2',
H-6"), 6.19 (1H, s, =CH), 6.63 (1H, t, H-4"), 7.05 (1H, d,
H-3"), 7.8 (1H, d, H-5"), 10.90 (1H, s, N3-H).
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Com- IR (KBr)(cm™) TH.NMR (Me,50) 78
pound
29 3434 (OH), 3190 1.32-1.69 (5H, m, H-3', H-4', H-5"), 2.70-3.10 (4H, m,
(NH), 1717(CO). H-2’, H-6"), 4.10 (2H, t, CH,OH), 4.55 (LH, 5, OH), 6.28
(1H, s, =CH), 7.27-8.15 (5H, m, H-Ar), 11.24 (1H, s,
N;-H).
30 3436 (OH), 3188 1.35-1.72 (5H, m, H-3, H-4’, H-5"), 2.70-3.00 (4H, m,
(NH), 1715(CO). H-2’, H-6"), 3.77 (3H, 5, OCH3), 4.10 (2H, t, CH,0H),
4.54 (1H, s, OH), 6.28 (1H, s, =CH), 6.94, 8.00 (4H, 2d,
H-Ar), 11.00 (1H, s, N3-H).
31 3430 (OH), 3198 1.30-1.80 (5H, m, H-3’, H-4’, H-5"), 2.30 (3H, s, CH3;),
(NH), 1715(CO). 2.60-3.00 (4H, m, H-2", H-6"), 4.10 (2H, t, CH,OH), 4.60
(1H,s, OH), 6.27 (1H, s, =CH), 7.20, 7.82 (4H, 2d, H-Ar),
11.20 (1H, 5, N3-H).
32 3436 (OH), 3192 1.20-1.71 (5H, m, H-3', H-4’, H-5"), 2.70-3.00 (4H, m,
(NH), 1715 H-2’, H-6"), 4.10 (2H, t, CH,OH), 4.60 (1H, s, OH), 6.26
(CO). (1H, s, =CH), 7.40, 8.00 (4H, 2d, H-Ar), 11.25 (I1H, s,
N3-H).
33 3430 (CH), 3198 1.25-1.70 (5H, m, H-3', H-4’, H-5"), 2.60-3.00 (4H, m,
(NH), 1719(CO). H-2', H-6"), 4.10 (2H, t, CH,OH), 4.60 (1H, s, OH), 6.25
(1H,'s, =CH), 6.80, 7.90 (4H, 2d, H-Ar), 9.67 (1H, 5,
OH-Ar), 11.10 (1H, s, N3-H).
34 3438 (OH), 3192 1.50-1.82 (SH, m, H-3', H-4, H-5'), 2.70-3.00 (4H, m,
(NH). 1712(CO). H-2', H-6"), 4.10 (2H, t, CH,OH), 4.50 (1H, 5, OH), 6.63
(1H, s, =CH), 7.04 (1H, t, H-4"), 7.35 (1H, d, H-3"), 7.56
(1H, d, H-5"), 11.10 (1H, s, N3-H).
35 3286 (NH), 1775, 6.63 (1H, s, =CH), 7.20-9.00 (10H, m, H-Ar, COOH),
1718(2CQ). 11.05 (1H, s, N|-H), 11.45 (1H, s, N3-H).
36 3284 (NH), 1776, 3.81 (3H, s, OCH3), 6.60 (1H, s, =CH), 7.01-8.94 (9H, m,
1719(2C0). H-Ar, COOH), 11.07 (1H, s, N|-H), 11.54 (IH, s, N3-H).
37 3284 (NH), 1780, 2.35(3H, s, CHy), 6.61 (1H. s, =CH), 7.18-8.90 (SH, m,
1718(2C0). H-Ar, COOH), 11.05 (1H. s, N;-H), 11.50 (1H, s, N5-H).
38 3290 (NH), 1772 6.70 (1H, s, =CH), 7.22-9.27 (9H, m, H-Ar, COOH),
1715(2C0O). 11.20 (1H, s, N;-H), 11.73 (IH, s, N5-H).
39 3288 (NH), 1775, 6.59 (1H, s, =CH), 6.74-9.50 (9H, m, H-Ar, COOH),
1717 (2C0). 10.15 (1H, s, OH), 10.50 (1H, s, N,-H), 11.26 (1H, s,
N3-H).
40 3292 (NH), 1768, 6.58 (1H, s, =CH), 7.02-9.70 (8H, m. H-Ar, COOH),
1719 (2C0). 10.35 (1H, s, N;-H), 111.26 (1H, s, N3-H).
41 3290 (NH), 1770, 6.50 (1H, s, =CH), 6.64-9.30 (8H, m, H-Ar, COOH),
1717 (2CO). 10.35 (1H, s, N\-H, 11.25 (iH, s, N5-H).
42 3152(N;-H), 1710 2.62 (4H, m, H-2’, H-6"), 3.52 (4H, m, H-3', H-5"), 4.70

(CO).

(2H, s, N-CH,-N), 6.50 (1H, s, =CH), 7.39-7.84 (5H, m,
H-Ar), 12.33 (1H, s, N|-H).
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Com-
pound

IR (KBrj (cm™)

TH-NMR (Me;50) /8

43

44

45

46

47

48

49

50

51

52

53

54

55

3168 (N;-H), 1712
(CO).

3154 (N,-H), 1709
(CO).

3170 (N-H), 1717
(CO).

3166 (N;-H), 1715
(CO).

3159 (N-H), 1710
(CO).

3172 (N,-H),1712
(CO).

3170 (N-H), 1717
(CO).

3168 (N,-H), 1709
(CO).

3166
(N}-H),1711(CO).

3158 (N+-H), 1710
(CO).

3160 (N;-H), 1711
(CO).

3156 (N-H), 1707
(CO).

3435 (OH), 3152
(NH), 1713
(CO).

2.59 (4H, m, H-2’, H-6"), 3.56 (4H, m, H-3', H-5"), 3.82
(3H, s, OCH3), 4.69 (2H, s, N-CH,-N), 6.60 (1H, s, =CH),
7.00, 7.80 (4H, 2d, H-Ar), 12.29 (1H, s, N;-H).

2.59 (4H, m, H-2’, H-6"), 3.32 (3H, 5, CH3), 3.57 (4H, m,
H-3’, H-5), 4.69 (2H, s, N-CH,-N), 6.59 (1H, s, =CH),
7.20,7.74 (44, 2d, H-Ar), 12.29 (1H, s, N|-H),

59 (4H, m, H-2’, H-6"), 3.53 (4H, m, H-3’, H-5"), 4.70 (2H,
s, N-CHy-N), 6.61 (1H, s, =CH), 7.75, 7.82 (4H, 2d,
H-Ar), 12.43 (1H, s, N;-H).

2.60 (4H, m, H-2", H-6"), 3.53 (4H, m, H-3’, H-5"), 4.69
(2H, s, N-CH;-N), 6.76 (1H, s, =CH), 7.87- 7.93 (3H, m,
H-3", H-4", H-5"), 12.20 (1H, s, N;-H).

2.55 (4H, m, H-2', H-6"), 3.53 (4H, m, H-3’, H-5"), 4.69
(2H, s, N-CHj-N), 6.54 (1H, s, =CH), 6.68- 7.90 (3H, m,
H-3", H-4", H-5"), 12.08 (1H, s, N|-H).

0.68-1.63 (6H, m, H-3’, H-4’, H-5"), 2.50 (4H, m, H-2’,
H-6"), 5.08 (2H, s, N-CH,-N), 6.64 (1H, s, =CH), 7.40~
7.86 (SH, m, H-Ar), 12.36 (1H, s, N,-H).

0.66-1.62 (6H, m, H-3', H-4", H-5"), 2.50 (4H, m, H-2’,
H-6'), 3.83 (3H, s, OCHy), 5.07 (2H, 5, N-CH,-N), 6.62
(1H, s, =CH), 7.05, 7.80 (4H, 2d, H-Ar), 12.28 (1H, s,
N;-H).

0.67-1.65 (64, m, H-¥, H-4', H-5), 2.48 (3H, 5, CHj),
2.50 (4H, m, H-2', H-6), 5.06 (2H, 5, N-CH,-N), 6.60
(1H, s, =CH), 7.25, 7.68 (4H, 2d, H-Ar), 12.27 (1H, s,
N;-H).

0.67-1.70 (6H, m, H-3’, H-4’, H-5"), 2.50 (4H, m, H-2’,
H-6"), 5.06 (2H, s, N-CH,-N), 6.62 (1H, s, =CH), 7.43,
7.88 (4H, 2d, H-Ar), 12.36 (1H, s, N;-H).

0.65-1.60 (6H, m, H-3", H-4’, H-5%, ), 2.54 (4H, m, H-2’,
H-6"), 5.06 (2H, s, N-CH,-N), 6.77 (1H, s, =CH),
6.87,7.64 (3H, 2d, H-Ar), 10.10 (1H, s, OH), 2.32 (IH, s,
N,-H).

0.88-1.60 (6H, m, H-3’, H-4’, H-5%), ), 2.52 (4H. m, H-2’,
H-6"), 5.06 (2H, s, N-CH,-N), 6.77 (1H, s, =CH), 7.20~
7.97 3H, m, H-3", H-4", H-5"), 12.13 (1H, 5, N;-H).

0.65-1.60 (6H, m, H-3', H-4’, H-5"), ), 2.50 (44, m. H-2",
H-6'), 5.05 (2H, s, N-CHy-N), 6.55 (1H, s, =CH), 7.17~
7.90 (3H, m, H-3", H-4", H-5"), 12.06 (1H, s, N,-H).

1.46-3.94 (14H, m, H-3, H-4', H-5', H-2’, H-6', CH;,
CH,OH), 4.35 (1H, 5, OH), 4.73 (2H.s, N-CH,-N), 6.54
(1H, s, =CH), 7.23, 7.67 (4H, m, H-Ar), 12.15 (1H, s,
N;-H).
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Com-
pound

IR (KBr) (cm_’)

TH-NMR (Me,S0) /8

56

57

58

59

60

61

62

63

65

66

67

1712 (CO).

1715 (CO).

1715 (CO).

1712 (CO).

1710 (CO).

1712 (CO).

1715 (CO).

1714 (CO).

1708 (CO).

1712 (CO).

1710 (CO).

1709 (CO).

2.53 (4H, m, H-2', H-6"), 2.70 (3H, s, SCH3), 3.56 (4H, m,
H-3’, H-5'), 4.28 (2H, s, N-CH,-N), 6.88 (1H. s, =CH),
7.40-8.29 (5H, m, H-Ar).

2.51 (4H, m, H-2', H-6"), 2.69 (3H. s, SCH3), 3.56 (4H, m,
H-3’, H-5'), 3.82 (3H. 5, OCHa). 4.28 (2H, s, N-CH,-N),
6.86 (1H, s, =CH), 7.00, 8.20 (4H, 2d, H-Ar).

2.37 (3H, s, CH3), 2.61 (4H, t, H-2’, H-6), 2.78 (3H, s,
SCHj3), 3.67 (4H, t, H-3", H-5"). 4.34 (2H, s, N-CH,-N),
6.93 (1H, s, =CH), 7.27, 8.13 (4H, 2d, H-Ar).

2.51 (4H, m, H-2', H-6'). 2.71 (3H, 5, SCH3), 3.55 (4H, m,
H-3’, H-5"), 4.29 (2H, s. N-CH;-N), 6.88 (1H, s, =CH),
7.50, 8.25 (4H. 2d, H-Ar).

2.51(4H, m, H-2’, H-6"), 2.71 (3H, s, SCH3), 3.56 (4H, m,
H-3’, H-5), 4.28 (2H, 5, N-CH,-N). 7.17- 7.91 (4H, m,
=CH, H-3", H-4", H-5").

2.51 (4H, m,H-2', H-6'), 2.69 (3H, s, SCH,), 3.56 (4H, m,
H-3', H-5'), 4.27 (2H, s, N-CH,-N), 6.74- 7.93 (4H, m,
=CH, H-3", H-4", H-5").

0.75-1.60 (6H, m, H-3’, H-4’, H-5), 2.52 (4H, m, H-2’,
H-6"), 2.72 (3H, s, SCH3). 4.61 (2H, s, N-CH,-N), 6.90
(1H, s, =CH), 7.41-8.30 (5H. m, H-Ar).

0.73-1.62 (6H, m, H-3', H-4", H-5"), 2.51 (4H, m, H-2’,
H-6"). 2.70 (3H, s, SCH;), 3.81 (3H, 5, OCHj3), 4.58 (2H,
s, N-CH,-N), 6.72 (1H, s, =CH), 7.05. 8.16 (4H, 2d,
H-Ar).

0.67-1.65 (6H, m, H-3’, H-4’, H-5"), 2.48 (3H, 5, CH3),
2.51 (4H, m, H-2, H-6), 2.70 (3H, 5. SCH;), 4.28 (2H, s,
N-CH,-N), 6.88 (1H, s, =CH), 7.45, 8.24 (4H, 2d, H-Ar).

0.73-1.60 (6H, m, H-3’, H-4’, H-5"), 2.50 (4H, m, H-2",
H-6"), 2.71 (3H, s, SCH3), 4.59 (2H, 5, N-CH,-N), 6.89
(1H, s, =CH), 7.45, 8.27 (4H, 2d, H-Ar).

0.73-1.60 (6H, m, H-3’, H-4’, H-5"), 2.50 (4H, m, H-2",
H-6"), 2.71 (3H. s, SCH3), 4.58 (2H, s, N-CH,-N), 7.11-
7.90 (4H, m, =CH, H-3", H-4", H-5").

0.65-1.60 (6H. m, H-3", H-4", H-5"), 2.50 (4H, m, H-2’,
H-6%), 2.69 (3H, s, SCH3), 4.57 (2H, s. N-CH,-N), 6.70—
7.93 (4H, m, =CH, H-3", H-4", H-5").
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TABLE IHI '3C NMR data for some selected compounds listed in TABLE 1

Compound I3C.NMR (Me,S0) /8

28 10.99 (C-4), 22.45 (C-3’, 5"), 43.43 (C-2, 6"), 94.51 (C-4"), 111.67 (=CH),
112.45 (C-3"), 129.73 (C-5), 143.74 (C-2"), 150.50 (C-5"), 167.01 (C-2),
176.07 (C-4).

29 24.29 (C-4), 26.73 (C-3"), 38.61 (C-5"), 45.66 (C-2'), 48.23 (C-6"), 63.49

(CH,0H), 111.07 (=CH), 127.20, 128.46, 130.13, 136.37, 141.68 (C-5, C-Ar),
158.55 (C-2), 172.45 (C-4).

32 24.00 (C-4'), 26.42 (C-3"), 38.32(C-5"), 45.31 (C-2"), 47.96 (C-6), 63.13
(CH,0H), 108.93 (=CH), 125.35, 128.19, 131.07, 131.27, 135.07, 141.89
(C-5, C-Ar), 158.45 (C-2), 171.98 (C-4).

34 23.96 (C-4'), 26.40 (C-3'), 45.36 (C-5"), 38.27 (C-2'), 47.96 (C-6"), 63.18
(CH,OH), 105.69 (=CH), 125.37, 126.92, 128.79, 139.34 (C-5, C-Ar), 157.36
(C-2), 171.24 (C-4).

36 55.73 (OCH,), 114.46 (=CH), 122.08, 125.71, 127.89, 131.52, 132.39,
132.41,132.43, 132.47, 132.54, 134.68, 141 .45, (C-5, C-Ar), 159.79 (C-2),
165.50 (C-4), 170.03 (COOH).

55 21.10 (CHy), 24.61 (C-4"), 26.50 (C-3), 51.94 (C-5"), 54.94 (C-2'), 62.73
(C-6"), 64.25 (CH,OH), 112.75 (=CH), 129.32, 129.54, 130.10, 130.23,
139.22 (C-5, C-Ar), 165.23 (C-4), 179.99 (C-2).

58 13.37 (SCHy), 21.64 (CH3), 50.89 (C-2', 6'), 62.46 (N-CH,-N), 66.70 (C-3,
5'), 124.42 (=CH), 129.45, 131.91, 132.00, 140.34 (C-5, C-Ar), 164.84 (C-4),
170.54 (C-2).
ANTITUMOR ACTIVITY

Compounds 1667 were subjected to the NCI in vitro disease-oriented
human cells screening panel assay[20’2”. About 60 cell lines of nine tumor
subpanels (leukemia, colon, melanoma, CNS, breast, prostate, ovarian,
renal and small cell lung cancers) were incubated with five concentrations
(0.01-100 uM) for each compound and were used to create log concentra-
tion — % growth inhibition curves. Three response parameters (Glsg, TGI
and LCsg) were calculated for each cell line. The Glsq value corresponds
to the compounds concentration causing 50% decrease in net cell growth.
The TGI value is the compounds concentration resulting in total growth
inhibition and the LCsq value is the compounds concentration causing a
net 50% loss of initial cells at the end of the incubation period (48 h). Full
panel mean-graph midpoint value (MG-MID) for certain agents are the
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average of individual real and default Glsg, TGI or LCs values of all cell
lines in the full panelm].

The Glsy (MG-MID) and TGI (MG-MID) values of 2-morpholino 16—
22, 2-piperidino 23-28 and 2-(3-hydroxymethyl)piperidino 29-34 deriva-
tives of 5-(Z)-arylidene-4-imidazolidinone are shown in Table IV. Among
the 2-morpholino series 16~22 only compounds 20 (Ar = 4-HOCgH,) and
21 (Ar = 2-thieny!) showed Glisy (MG-MID) values of 89.8 and 90.6 uM,
respectively. Replacement of the morpholino group of 16-22 by piperidino
23-28 increased the antitumor activity, as represented by compounds 24,
25, 26 and 28. Compound 26, 5-(Z)-(4-chlorobenzylidene)-2-piperi-
dino-4-imidazolidinone; is the most active member of this series with Gl
(MG-MID) and TGI (MG-MID) values of 44.1 and 95.2 uM, respectively.
The introduction of the hydroxymethyl moiety at the 3-position of the pip-
eridine nucleus 29-34 resulted in substantial decrease in activity
(Table IV).

The Gl5p (MG-MID) and TGI (MG-MID) values of 5-(Z)-aryli-
dene-2-(2-carboxyphenylamino)-4-imidazolidinones 3541 are shown in
Table IV. The type of the arylidene group at position 5 seemed to influence
the magnitude of activity as it varies from 95.2 and 91.9 uM as in 40 and
41 (Ar = 2-thienyl or 2-furyl), respectively; to 23.5 and 25.4 uM as in 37
and 38 (Ar = 4-MeCgH, or 4-CIC4H,), respectively. 5-(Z)-(4-methylben-
zylidene)-2-(2-carboxyphenylamino)-4-imidazolidinone 37 with Glgg
(MG-MID) and TGI (MG-MID) values of 23.5 and 62.8 uM and
5-(Z)-(4-chlorobenzylidene)-2-(2-carboxyphenylamino)-4-imidazolidi-
none 38 with Gl5q (MG-MID), TGI (MG-MID}) and LCs5 (MG-MID) val-
ues of 25.4, 74.5 and 93.1 uM ; respectively are the most active members
of this series (Table I'V).

The Gl5q (MG-MID) and TGI (MG-MID) values of 3-morpholinome-
thyl 4247, 3-piperidinomethyl 48-54 and 3-(3-hydroxymethylpiperi-
dino)methyl S5 derivatives of 5-(Z)-arylidene-2-thioxo-4-imidazolidinone
are shown in Table IV. Only compounds 45 and 46 among 3-morpholi-
nomethyl series 42-47 showed Glsy (MG-MID) < 100 uM, meanwhile
compounds 48-54 of the 3-piperidinomethyl series showed Gls
(MG-MID) ranging from 33.9 to 64.1 uM and TGI (MG-MID) from 87.0
to 100 pM. 5-(Z)-(4-Chlorobenzylidene)-3-(piperidinomethyl)-2-thi-
oxo-4-imidazolidinone 51 proved to be the most active member of this
group with Glsg (MG-MID), TGI (MG-MID) and LC sy (MG-MID) values
of 339, 87.0 and 97.4 uM, respectively. The introduction of the
hydroxymethyl moiety at 3-position of the piperidino group produced 55
with reduced activity (Table IV).
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TABLE 1V In vitro growth inhibition concentrations (UM)? for compounds 16-67
Compound (M(G;{i(j;D) (Mg;AI;ID ) Compound (Mg{i(;;b ) (M(T??AI;ID)
16 d K] a2 d K
17 - - 43 - -
18 - - 4 - -
19 - - 45 97.4 -
20 89.8 - 46 933
21 90.6 - 47 - -
22 - - 48 93.3 -
23 - - 49 44.2 88.7
24 89.8 - 50 47.1 974
25 943 - 51 339 87.0°
26 4.1 95.2 52 64.1 -
27 - - 53 64.1 974
28 95.2 - 54 62.6 -
29 - - 55 - -
30 - - 56 59.11 4
31 - - 57 49.8 974
32 90.9 - 58 535 97.4
33 - - 59 29.7 95.8
34 - - 60 389 93.6
35 38.6 90.9 61 43.2 85.8°
36 65.4 - 62 51.1 97.4
37 235 62.8 63 86.2 -
38 254 74.5 64 78.7 -
39 36.2 90.9 65 377 91.7
40 95.2 - 66 56.8 974
41 91.9 - 67 75.8 -

3Data obtained from NCI’s in vitro disease-oxiented human tumor cell screen. bGISO uM)
full panel mean-graph midpoint. “TGI (uM) full panel mean-graph midpoint. 4(-) values>
100 pM. *Compound showed LCs, (full panel mean-graph midpoint) value of 97.4 uM.

The antitumor screening results GI;q (MG-MID) and TGI (MG-MID) of
3-morpholinomethyl 5661 and 3-piperidinomethyl 62-67 analogs of
5-(Z)-arylidene-2-methylmercapto-4-imidazolidinone  are

shown

in
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Table IV. Methylation of the 2-thioxo function of the 4-imidazolidinone
42-55 into the 2-methylmercapto analogs 56—67 increased the antitumor
activity. Compounds 59, 60 and 65 showed a distinguish anticancer
potency with Glsq (MG-MID) values of 29.7, 38.9, 37.7 uM and TGI
(MG-MID) values of 95.8, 93.6, 91.7 uM, respectively (Table I'V).

The activity of the tested compounds could be correlated to structure
variations and modifications, the introduction of the secondary amine to
the 2-position of the 4-imidazolidinone nucleus produced few active com-
pounds as in case 16-34 (Table 1V), on the other hand the introduction of
the anthranilic acid produced the intermediate of the quinazolin-2,5-dione
analogs 35—41 with pronounced potency 37 Glsy (MG-MID), TGl
(MG-MID); 23.5, 62.8 uM, respectively and 38 Glsy (MG-MID), TGI
(MG-MID and LCs3 (MG-MID); 25.4, 74.5, 93.1 UM, respectively]. Mov-
ing the 2° amine moiety to 3-position of the 2-thioxo-4-imadazolidinone
nucleus afforded more active compounds such as 51 [Gl5; (MG-MID),
TGl (MG-MID) and LC+y (MG-MID); 33.9, 87.0, 97.4 uM ; respectively].
Methylation of 2-thioxo-4-imidazolidinone analogs yielded more potent
compound as 59, 60, 65 with Gls; (MG-MID) of 29.7, 38.9, 37.7 uM,
respectively; and TGI (MG-MID) of 95.8, 93.6, 91.7 uM, respectively. It
is worth mentioning that most of the active compounds such as 26, 38, 51
and 65 carry a 4-chlorophenyl moiety at the 5-(Z)-arylidene area which
gave the impression that halogen substitution might be essential for activ-
ity.

In conclusion, the results obtained from this study revealed that
5-(Z)-arylidene-2-(2-(carboxyphenylamino)-4-imidazolidinone  nucleus
represented by compounds 37 and 38, also 5-(Z)-arylidene-3-aminome-
thyl-2-methylmercapto-4-imidazolidinone nucleus represented by com-
pound 59 can be considered as a two ring systems that deserves additional
derivatization in the hope to obtain more potent antitumor agents.

EXPERIMENTAL

General method. The 'H- and '3C-NMR spectra were measured on a Var-
ian XL-200, 250 MHz and a Bruker Advance DPX 300 MHz spectrome-
ters for solutions in DMSO-dg using TMS as internal standard and the
chemical shifts are given as & values and the J values are given in Hz.
Mass spectra were recorded on a Finnigan MAT-INCOS 500 spectrometer
with ionization by electron impact (70 eV). IR spectra (KBr disc) were
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obtained on a Pye Unicam Spectra 1000. Analytical data were obtained
from the Microanalytical Center at College of Pharmacy, King Saud Uni-
versity. Melting points (°C, uncorrected) were recorded on a Gallenkamp
melting point apparatus. Aluminum sheets coated with silica gel 60 F,s4
(Merk) were used for TLC. Detection was effected by viewing under a
short wavelength UV lamp.

5-Arylidene-2-thioxo-4-imidazolidinones 2-8

A mixture of 2-thioxo-4-imidazolidinone 1 (1.16 g, 10 mmol), anhydrous
sodium acetate (2.8 g, 34 mmol) and the appropriate aromatic aldehyde
(10 mmol) in glacial acetic acid (15 ml) was refluxed for 2 h until the start-
ing material was consumed (TLC). The reaction mixture was poured into
cold water. The yellow solid obtained was filtered off and recrystallized
from ethanol to give the products 2-8. They were identical with authentic
samples by melting points, mixed melting points and TLC determina-
tions{10-111,

5-(Z)-Arylidene-2-methylmercapto-4-imidazolidinones 9-15

5-Arylidene-2-thioxo-4-imidazolidinones 2-8 (10 mmol) were suspended
in aqueous sodium hydroxide (12.60 %, 3.50 ml) at room temperature. To
this suspension was added methanol (25 mi), and the mixture became clear
after stirring S min. Methyl iodide (1.56g, 11 mmol) was added, and the
mixture was stirred 4 h at room temperature until the starting material was
consumed (TLC). The precipitated solid was collected by filtration and
recrystallized from methanol to give the products 9-15. They were identi-
cal with authentic samples by melting points, mixed melting points and
TLC determinations!!%-!1],

5-(Z)-Arylidene-2-morpholino-4-imidazolidinones 16-22, 5-(Z)-
arylidene-2-piperidino-4-imidazolidinones 23-28 and 5-(Z)-
arylidene-2-(3-hydroxymethyl)piperidino-4-imidazolidinones 29-34

General procedures. Method A

A mixture of S5-arylidene-2-methylmercapto-4-imidazolidinones 9-15
(10 mmol) and the appropriate secondary amine mainly morpholine, pipe-
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ridine and 3-hydroxymethylpiperidine (10 mmol) in anhydrous ethanol
(30 ml) was heated under reflux for 24 h, after cooling. The separated solid
was collected and recrystallized from ethanol to give 16-34 in a quantita-
tive yields (Table I).

Method B

2-Thioxo-4-imidazolidinone 1 (1.16 g, 10 mmol) was dissolved in eth-
anolic potassium hydroxide (2 %, 30 ml) at room temperature. To this
solution was added the appropriate aldehyde (11 mmol) and the mixture
was stirred overnight at room temperature. To this mixture was added
methyl iodide (1.56 g, 11 mmol) and the mixture was stirred at room tem-
perature for 4 h. To this mixture was added the appropriate secondary
amine mainly morpholine, piperidine and 3-hydroxymethylpiperidine (10
mmol) and the mixture was heated under reflux for 24 h until the starting
material was consumed (TLC). The precipitated solid was collected by fil-
tration and recrystallized from ethanol to give the products 16-34 in a
quantitative yields (Table I).

§-(Z)-Arylidene-2-(2-carboxyphenylamino)-4-imidazolidinones 3541

General procedures. Method A

A mixture of S5-arylidene-2-methylmercapt-4-imidazolidinones 9-15
(10 mmol) and antharanilic acid (1.37 g, 10 mmol) in anhydrous ethanol
(30 ml) was heated under reflux for 24 h until the starting material was
consumed (TLC). The precipitated solid was collected by filtration and
recrystallized from dimethylformamide to give the products 35-41 in a
quantitative yields (Table 1).

Method B

2-Thioxo-4-imidazolidinone 1 (1.16 g, 10 mmol) was dissolved in eth-
anolic potassium hydroxide (2 %, 30 ml) at room temperature. To this
solution was added the appropriate aldehyde (11 mmol) and the mixture
was stirred overnight at room temperature. To this mixture was added
methy] iodide (1.56 g, 11 mmol) and the mixture was stirred at room tem-
perature for 4 h. To this mixture was added antharanilic acid (1.37 g, 10
mmol) and the mixture was heated under reflux for 24 h until the starting
material was consumed (TLC). The precipitated solid was collected by fil-
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tration and recrystallized from dimethylformamide to give the products
3541 in a quantitative yields (Table I).

5-(Z)-Arylidene-3-morpholinomethyl-2-thioxo-4-imidazolidinones 4247,
5-(Z)-arylidene-3-piperidinomethyl-2-thioxo-4-imidazolidinones 48-54
and 5-(Z)-(4-methylbenzylidene)-3-(3-hydroxymethylpiperidino)
methyl-2-thioxo-4-imidazolidinone 55

General procedures. Method A

A mixture of 5-arylidene-2-thioxo-4-imidazolidinones 2-8 (10 mmol), the
appropriate secondary amine mainly morpholine, piperidine and
3-hydroxymethylpiperidine (10 mmol) in anhydrous ethanol (30 ml) and
aqueous formaldehyde (1 ml) was stirred for 6 h at room temperature until
the starting material was consumed (TLC). The separated solid was col-
lected and recrystallized from ethanol to give 42-55 in a quantitative
yields (Table I).

Method B

A solution of 2-thioxo-4-imidazolidinone 1 (1.16 g, 10 mmol), the appro-
priate secondary amine mainly morpholine, piperidine and 3-hydroxy-
methylpiperidine (10 mmol) in anhydrous ethanol (30 ml). To this solution
was added the appropriate aldehyde (11 mmol) and the mixture was stirred
overnight at room temperature. To this mixture was added aqueous formal-
dehyde (1 ml) and the mixture was stirred at room temperature for 6 h until
the starting material was consumed (TLC). The precipitated solid was col-
lected by filtration and recrystallized from ethanol to give the products 42—
55 in a quantitative yields (Table I).

5-(Z)-Arylidene-3-morpholinomethyl-2-methylmercapto-4-
imidazolidinones 56-61 and 5-(Z)-arylidene-3-piperidinomethyl-2-
methylmercapto-4-imidazolidinones 62—67

General procedures. Method A

A mixture of S-arylidene-2-methylmercapto-4-imidazolidinones 9-15
(10 mmol), the appropriate secondary amine mainly morpholine, piperid-
ine and 3-hydroxymethylpiperidine (10 mmol) and aqueous formaldehyde
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(1 ml) in anhydrous ethanol (30 ml) was stirred at room temperature for 12
h until the starting material was consumed (TLC). The precipitated solid
was collected by filtration and recrystallized from ethanol to give the prod-
ucts 56—67 (Table I).

Method B

5-(Z)-Arylidene-3-aminomethyl-2-thioxo-4-imidazolidinones 42-55
(10 mmol) were dissolved in ethanolic 2% potassium hydroxide (30 ml) at
room temperature. To this solution was added methyl iodide (1.56 g,
11 mmol) and the mixture was stirred at room temperature for 4 h. until the
starting material was consumed (TLC). The precipitated solid was col-

lected by filtration and recrystallized from ethanol to give the products 56—
67 (Table I).
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