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Abstract[JA series of hexahydro-s-triazine derivative were prepared. Cytotoxic activity
testing using mouse leukemia cells (p  388) and antimicrobial testing indicated that the com-
pounds which contain isoxazolyl moiety exhibited higher activity than those containing other

heterocyclic moieties.
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S-Triazine derivatives are reported to show a
broad spectrum of biological activity in particular,
antimicrobial'® and antitumor®” activities. It is
also reported in the literature that some alkyl sub-
stituted 1,3,5-hexahydro-s-triazine were prepared
as stabilizers for natural ruber latex foam®, epoxy
resin hardness and anticorrosives”, and few ex-
amples of saturated-s-triazines were reported to
possess biological properties'™'?. These observa-
tions prompted the synthesis of elsewhere unreport-
ed series of substituted 1,3,5-hexahydro-s-triazines
derivatives for the purpose of studying their an-

ticancer and antimicrobial activity.

Thus, the target compounds were prepared by
one-step reaction of three equivalents of formalde-
hyde and equivalents of appropriate alkyl or aryl
amines in refluxing methanol (Scheme 1). The phy-
sical properties and yields are given in Table 1.

The structural assignments of the synthesized
compounds were determined on the basis of ele-
mental analysis, infrared spectra, '"H and C nmr
spectra, and high resolution mass spectrometry.

Attempts to react 2-aminopyrimidine similarly
to give 1,3,5-tripyrimidinyl-1,3,5-hexahydro-s-tri-
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Table 1. Analytical data of hexahydro-s-triazine derivatives

Analysis %
Compound M.P. (°C) Yield % Formula
Found Calculated
1 153-154 80 C sH3N5O, C 64.27 63.70
H 6.48 6.24
N 20.42 20.64
2 103-105 87 C,7H,4N508 C 59.79 59.80
H $5.32 5.60
N 20.53 20.51
3 120-122 43 C;5H,3N50, C 58.49 59.00
H 7.35 7.59
N 2241 . 22.94
4 68-69 85 Cy4H;Ns0S C 55.08 54.70
H 6.81 6.89
N 23.18 22.78
5* 95-96 56 Cp4H3gN5Cl4 C 61.33 61.74
H 6.34 6.48
N 8.51 9.00
6** 78-80 54 C,sHagN;Cl, C 48.91 49.38
H 10.32 9.95
N 11.07 11.52
7 148-150 65 C6H7NsS; C 56.12 55.95
H 5.09 5.00
N 20.97 20.40
8 154-155 48 Cy3HoNsS, C 50.42 50.46
H 6.20 6.19
N 22.60 22.63
9 62-64 79 CysHy N C 74.80 74.76
H 7.91 7.72
N 17.50 17.44
*(Reported b.p. 150-160)12),
**(Reported b.p. 120-126 °C at 15 mmHg)!3.
azine (10) was unsuccessful. However, upon treat- PERIMENTAL).

ment of one mole of 2-aminopyrimidine with two
mole of phenyl propylamine and three mole of for-
maldehyde resulted in compound 9 (Scheme 2).
The 100 MHz 'H nmr spectrum of compound 9
in CDCI, at 25 °C exhibited a sharp singlet at §3.65
indicating that an equivalent methylene protons at
C-4. Another sharp singlet at 64.71 which integra-
ted for four protons indicating the equivalent me-
thylene protons at C-2 and C-6. In addition to the
expected protons signals. The structure of com-
pound 9 was also confirmed by high resolution
mass spectroscopy and elemental analysis (See EX-

RESULTS AND DISCUSSION

The IDg, values for in vitro cytotoxicity of some
hexahydro-s-triazine derivatives are listed in Table
I1. The reliability of the inhibition of growth of tu-
mor cells was demonstrated by the IDs, of the most
widely used 1-(2-chloroethyl)-3-(trans-4-methylcy-
clohexyl)-1-nitrosourea (MeCCNU).

It appears from Table II that the higher activity
is obtained when R,, R, are isoxazolyl and R; is
benzyl moieties. However, when R, R, and R, are
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Table II. Cytotoxic Activity of some hexahydro-s-triazine derivatives
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Compounds R, R, R, IDso mmol // ¢ a“‘)vidi Ce&\‘lvlj“ess
MeCCNU — — — 6.67 x 103 1
1 -CH,Ph 7.48 x 104 8.92 Fold
N/
CHy
2 @ -CH,Ph 3.16x 10-3 2.11 Fold
Y .
CH3 H3 __cH,
3 5 -CH,CH 4.21x10°3 1.58 Fold
\N/ o~ CH;
CH3 CH,
4 A\ -CH,CH 7.93 x 1073 0.84 Fold
0 \5/‘“ N CH,
AN
5 -CH,Ph -CH,Ph -CH,Ph 1x10-2 0.66 Fold
__CHjy CH, CH,
6 -CH,CH -CH,CH -CH,CH 3.75 x 10°2 0.18 Fold
“NCH, “\CH, “\CH,
7 @ -CH,Ph 4.46 x 10°2 0.15 Fold
S
N e CH3
8 ) &V -CH,CH 6.67x 102 0.10
3 NS ™ CH,

benzyl moieties the activity was sharply lowered.
Replacement of the benzyl group in compound 1 by
isobutyl group as in compound 3 results in decrease
of the activity to about 6 folds. Displacement of
one isoxazolyl group with a thiazoly group as in
compound 2 gave low activity when compared with
that of compound 1.

Compounds having R, Ry, R; as isobutyl groups
exhibited some potency, if isoxazolyl moiety is pre-
sent, while the introduction of heterocycle moiety
other than isoxazolyl such as two thiazolyl as in
compound 8 resulted in suppression of the cyto-

toxic activity. These results reflect the importance
of the heterocyclic isoxazolyl moiety in the
1,3,5-hexahydro-s-triazine compounds. The struc-
tural similarity of the synthesized triazine deriva-
tives to that of hexamethylmelamine (HMM)'¥ and
cycloguanil' suggested that these compounds may
act via dihydrofolate reductase inhibition. These
results of anticancer activity are adequate to en-
courage us to expand testing and to further exten-
ding the present work.

The in vitro antibacterial activities of the com-
pounds against different bacterial strains are sum-
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Table INI. MICs of compound 1-8

Compounds S. aureus B. subtilis E. coli Pr. vulgaris Ps. aeruginosa C. albicans
1 75 75 100 S0 200 —
2 75 100 100 S0 200 —
3 100 100 75 80 200 —
4 75 75 75 75 200 —
5 200 200 200 200 300 —
6 200 200 200 100 300 —
7 100 100 100 50 200 —
8 150 150 150 150 200 —

marized in Table III. It is noteworthy that the repla-
cement of the alkyl or aryl substitution by hetero-
cyclic ring cause an enhancement in activity against
all bacteria tested. Compounds 1, 2, 3 and 4 show
the highest activity against all tested bacteria and
this may be attributed to the presence of the isoxa-
zole ring. All the tested compounds have no activity
against Candida albicans.

In conclusion, 1,3,5-hexahydro-s-triazine deri-
vatives were proved to exhibit cytotoxic activity and
the result reflect the importance of substituted he-
terocyclic isoxazolyl moiety rather than other sub-
stituents. Also, these compounds showed to have
some antimicrobial activity against the tested orga-
nisms.

EXPERIMENTAL

Section I: Chemistry

All chemicals were purchased from Fluka AG
(Switzerland). Melting points were determined us-
ing Mettler FP5 melting point apparatus and are
uncorrected. Elemental analyses were done with
Perkin-Elmer 240 B elemental analyser. Infrared
spectra (KBr) of the compound were obtained from
Perkin-Elmer 580 B spectrometer. NMR spectra
were obtained from Varian FT 80A NMR spectro-
meter. The TLC was carried out on precoated silica
gel F254 chromatographic plastic sheets. The sol-
vent system consisted of ethyl ether/petroleum
ether (3:1).

1,3-bis{3-(5-methylisoxazoly)]-5-benzyl-1,3, 5-hexa-
hydro-s-triazine (1)

The procedure given for the synthesis of com-
pound 1 is the general procedure for the synthesis
of 1-9.

To a suspension of 3-amino-5-methylisoxazole

(2.0 mg, 0.02 mol) and benzylamine (1.1 mg, 0.01
mole) in methanol, a solution of formaldehyde
40% (5 m/) was added. The reaction mixture was
then heated to reflux for 5 hr. After evaporation
the methanol, the solid residue was dissolved in 200
m/ of ethyl ether and washed with water three
times. The ethereal solution was then dried with
anhydrous Na,SO, and then evaporated. The resi-
due was recrystallized from ethylether / pet. ether to
give (2.7 gm, 80%) of 1 as colorless solid m.p. 153-
154°C. IR (KBr): 1625 cm™, '"H NMR (CDClLy) 5
2.43 (s, 6H, 2CH,), 4.03 (s, 2H, CH,-Ph), 4.52 (s,
4H, methylene protons at C-4 and C-6). 5.03 (s,
2H, methylene protons at C-2), 5.75 (s, 2H, CH),
7.42 (s, 5H, aromatic).

1-[3-(5-methylisoxazolyl)]-3-(2-thiazolyl)-5-benz yl-
1,3,5-hexahydro-s-triazine (2)

IR (KBr): 1615 cm™, 'H NMR (CDCl,) 5: 2.30
(s, 3H, CH,), 3.88 (s, 2H, CH,-Ph), 4.42 (s, 2H,
methylene protons at C-6), 4.59 (s, 2H, methylene
protons at C-4), 4.63 (s, 2H, methylene protons at
C-2), 5.10 (s, 1H, isoxazolyl CH), 6.61 (d, 1H, thia-
zolyl CH), 7.20 (d, CH, thiazolyl CH), 7.28 (s, 5H,
aromatic).

1,3-bisf3-(5-methylisoxazolyl)-S-isobutyl-1,2, 3-hex-
ahydro-s-triazine (3)

IR (KBr): 1618 cm™, '"H NMR (CDCl,) &: 0.88
(d, 6H, CH,), 1.60 (m, 1H, CH), 2.29 (s, 6H, CH,),
2.49 (d, 2H, CH,), 4.35 (s, 4H, CH)), 5.72 (s, 2H,
isoxazolyl CH).

1{3-(5-methylisoxazolyl))]-3-(2-thiazolyl)- 5-isobutyl-
1,3, 5-hexahydro-s-triazine (4)

IR (KBr): 1618 cm™, 'H NMR (CDCl;) : 0.86
(d, 6H, CH,), 1.65 (m, 1H, CH), 2.30 (s, 3H, CH,),
2.47 (d, 2H, CH,), 4.43 (s, 2H, methylene protons
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at C-6), 4.58 (s, 2H, methylene protons C-4), 5.04
(s, 2H, methylene protons C-2), 5.77 (s, 1H, CH,
isoxazolyl), 6.62 (d, 1H, CH thiazolyl), 7.17 (s, 1H,
CH thiazolyl).

1,3-bis(2-thiazolyl)-S-benzyl-1,3, 5-hexahydro-s-tri-
azine (7)

IR (KBr): 1620 cm™, 'H NMR &: 3.82 (s, 2H,
CH,), 4.60 (s, 4H, methylene protons at C, and Cy),
5.28 (s, 2H, methylene protons at C,), 6.58 (d, 2H,
CH), 7.20 (d, 2H, CH), 7.27 (s, SH, aromatic).

1,3-bis(2-thiazolyl)-5-isobutyl-1, 3, 5-hexahydro-s-
triazine (8)

IR (KBr): 1510 cm™, 'H NMR (CDCl,) 5: 0.89
(d, 6H, CH,), 1.65 (m, 1H, CH), 2.49 (d, 2H, CH,),
4.67 (s, 4H, methylene protons at C-4 and C-6),
5.28 (s, 2H, methylene protons at C-2), 6.64 (d, 2H,
CH thiazolyl), 7.23 (d, 2H, CH thiazolyl).

3,5-Diphenylpropyl-2,4,6-hexahydropyrimido(1, 2-
aj-1,3, 5-tetraazocine (9)

Prepared in a similar manner to that for 1 and
obtained as a colorless crystals mp. 62-64 °C (yield
62%). IR (KBr): 1615 cm™, 'H NMR &: 1.85 (m,
4H, -CH,, 2.50 (t, 4H, CH,-N), 2.62 (t, 4H,
-CH,-Ph), 3.65 (s, 2H, CH,), 4.71 (s, 4H, CH,), 6.5
(t, 1H, CH-pyrimidine), 7.20 (s, 10H, aromatics),
8.29 (d, 2H, CH-pyrimidine). Anal. caled for
C,H; Ns; C, 74.76; H, 7.72; N, 17.44; Found: C,
74.80; H, 7.91; N, 17.50. M* 401.2571 (C,sH,,N;
requires M*, 401.2579).

Section Il: In Vitro Cytotoxic Determination

Mouse leukemia cells (P388) were seeded at 3 X
10° cell/m! in duplicate for each drug concentra-
tion in plastic microtiter plate. The synthesized tria-
zine derivatives were added to the cell cultures in
1:10 dilution and incubated for 2 days at 37°C
under a humidified atmosphere. After 48 h of con-
tinuous drug exposure, the cells were harvested and
counted using a Coulter Counter, Model B (Coulter
Electronics Hialeach, FL). A control untreated set
of cultures and four duplicate sets of MeCCNU
treated cells were included for each separate experi-
ment. A dose-response curve was drawn from the
data obtained and 1Dy, was calculated. The IDj,
defined as the concentration of inhibitor that in-
hibits the growth of the leukemia cell to 50% of the
growth of the control cells.

Section III: Organisms and Media
The test organisms used in this study were stan-

dard strains coi'ected from National Collection of
Type Culture, Public Health Laboratory, London,
Englnd. However, Candida albicans standard
strain was provided by Mycological Reference La-
boratory, School of Tropical Medicine and Hygien
London, England.

The antimicrobial activity and minimum inhibi-
tory concentration (MICs) were determined by agar
dilution method'. Antibiotic Assay Agar No. 1
(oxoid) was used for both growth inhibition and the
determination of the minimum inhibitory concen-
tration.
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