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Abstract

A series of novel 4-(E)-ethenyl-6-alkylamino-1,3,5-triazin-2-ylamine derivatives 9—17 have been synthesized by a Wittig reaction of corre-
sponding alkyltriphenylphosphonium bromides 5-8 with (hetero)aromatic aldehydes. The E configuration of these alkenes was confirmed by 'H
NMR spectroscopic data. All the compounds prepared were screened at the National Cancer Institute (NCI) for their activity against a panel of 56
tumor cell lines and relationship between structure and in vitro antitumor activity is discussed. The most active compounds 14 and 17 showed
50% growth inhibitory activity in low micromolar concentrations against renal cancer A498 cell line and colon cancer cell line COLO 205,

respectively.
© 2006 Elsevier SAS. All rights reserved.
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1. Introduction

Recently, 1,3,5-triazine derivatives bearing amino groups at
position 2 and 4 have attracted considerable attention due to
their chemotherapeutic potential [1-6] and antiangiogenic
properties which result in anticancer effect of these compounds
[7.8].

Our continuous interest in the synthesis of diaminotriazines
led to the discovery of novel agents comprising acrylonitrile
(structure A, Fig. 1) and iminoacetonitrile (structure B,
Fig. 1) moieties at position 6, which, depending on their struc-
ture, exhibited potent activity against some cell lines of leuke-
mia, CNS cancer, breast cancer or melanoma [9—11]. The most
active (1,3,5-triazin-6-yl)acrylonitrile A-1 (Fig. 1) possessing
5-nitrothiophene ring at position 3 of acrylonitrile moiety and
3,5,5-trimethylpyrazoline moiety at position 6 of triazine ring
showed growth inhibitory activity in nanomolar concentrations
against leukemia K-562, RPMI-8226 and SR cell lines [10]. In
order to explore further the structure—activity relationships for
this class of compounds we synthesized a new series of 6-alke-
nyl derivatives of type C lacking the cyano group (Fig. 1). The
possibility that these compounds would be active stems from
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the fact that the previously described alkenyl heterocycles ex-
hibited pronounced anticancer activity [12—14].

2. Results and discussion

The approach to the synthesis of target compounds 9-17
was based on a Wittig olefination of aldehydes. Thus, as
shown in Scheme 1, the reaction of the previously described
[10,15] bromomethyltriazine derivatives 1-4 with triphenyl-
phosphine afforded corresponding alkyltriphenylphosphonium
bromides 5-8. These salts were subsequently used in a Wittig
reaction with suitable aldehydes carried out in methanol in the
presence of sodium methoxide. The intermediary formed ylides
of type D (Scheme 2) were readily detected by their dark-red
color, which began to fade upon reaction with aldehyde.

The configuration of the resulting olefins 9-17 was affirmed
to be E by '"H NMR spectroscopy (Jyrans ca=cu ~ 16 Hz).

It is well known that the stereochemistry of the alkene pro-
duct in Wittig reaction arises from the intermediary formed ox-
aphosphetane which breaks-down by way of a concerted syn-
elimination [16]. Therefore, of the two possible diastercomeric
oxaphosphetanes, the cis isomer leads to the Z-alkene, and
trans isomer to the E alkene. Apparently, in this case the ther-
modynamically more stable trans oxaphosphetane is formed
exclusively, which subsequently breaks down to the E-alkene
products 9-17 (Scheme 2).


mailto:saczew@amg.gda.pl
dx.doi.org/10.1016/j.ejmech.2005.12.012

612 F. Sqczewski, A. Butakowska / European Journal of Medicinal Chemistry 41 (2006) 611-615

2
NC CHR NC NR 1 CHR
‘)Cj Ne? HC?
| I
x> ™
HQN)\N)\NHZ F{EN’k )\NHQ HQN/k\N NH,
A B C
Compd A-1 HsC
HsC
RZN- — S N—
Hyc” N
- O
ON” S
Fig. 1.
® some cell lines of renal cancer (A 498) and melanoma (SK
jfsr = R{Ph)s n MEL-5), whereas compounds 15 and 17 were selective against
N PPhs NJ\\\N Br colon cancer cell line COLO 205 and melanoma cell line LOX-
)|\ o _ > )I\ o IMVI (Tables 1 and 2).
R” NT UNHp  Somans/reflux R™ "N” TNH, In conclusion, the readily available analogues of highly ac-
tive (1,3,5-triazin-6-yl)acrylonitriles A, lacking the cyano
1-4 5-8 group, retain the antitumor activity. However, they are less po-
tent (compound 17 versus A-1) and a marked disparity in tu-
pv— s 2B 3.7 T mor cell specificity between these series is observed (Table 1).
e ' : ' ' From the structure-activity point of view, these results may
— H3C, CH, — suggest that mechanisms by which acrylonitriles of type A
R Q_N\_;N_ [:N_ T C'L_;N_ e N and 6-alkenyltriazines 13—17 exert their antitumor effects are
8 different.

Scheme 1.

For the series of 6-alkenyl-1,3,5-triazine derivatives ob-
tained, the effects of structural modifications on antitumor ac-
tivity were explored within two structural domains: (hetero)
aromatic ring R* at C-1 of alkenyl group and alkylamino sub-
stituents R,N— at position 4’ of the triazine ring (Scheme 2).

First, it was found that incorporation of aromatic ring (R*
= phenyl or 4-nitrophenyl) resulted in inactive compound 10 or
afforded compounds 9, 11 and 12 with weak to moderate ac-
tivity (log MG _MID Glso values between —4.49 and —5.18
(Table 1). As expected, the most potent compound 11 in this
series incorporated 3,5,5-trimethylpyrazoline moiety at position
4.

The heteroaromatic analogues 13—17 with 5-nitrofuryl and
S5-nitrothienyl group exerted weak to fairly high activity (log
MG_MID GlIs, values ranged between —4.04 and —5.62). Inter-
estingly, the least active in this series was compound 16 bear-
ing a 3,5,5-trimethylpyrazoline moiety, while the most active
compound was pyrrolidine analogue 17, indicating that combi-
nation of R? = 5-nitrothienyl and R,N— = pyrrolidinyl attached
to alkenyl moiety results in compound with optimal properties.

From the pattern of mean graph it is evident that compound
14 demonstrates a greater than average selectivity towards

3. Experimental protocols

Melting points are not corrected and were recorded on a
Buchi apparatus. IR spectra, KBr pellets, 400-4000 cm ', were
recorded on a SATELLITE FTIR spectrophotometer
(Mattson). 'H and "*C NMR spectra were recorded on a Varian
Gemini 200 instrument at 200 and 50 MHz, respectively (che-
mical shifts are expressed as J values relative to Me,Si as stan-
dard). Elemental analyses of C, H, N were within + 0.4% of the
theoretical values.

3.1. Synthesis

3.1.1. General procedure for the synthesis of (4-amino-6-
alkylamino-[1,3,5[triazin-2-ylmethyl)-triphenyl-phosphonium,
bromides 5, 7 and 8

A mixture of the appropriate 6-bromometylytriazine 1, 3 or
4 (1.4 mmol) and triphenylphosphine (0.37 g, 1.4 mmol) in dry
dioxane (6 ml) was refluxed for 1 h. After cooling to room
temperature, the solid that precipitated was collected by filtra-
tion, washed dioxane and dried.

3.1.1.1. [4-Amino-6-(4-phenylpiperazin-1-yl)-[1,3,5]triazin-2-
vimethyl]-triphenyl-phosphonium, bromide 5. Yield: 80%, m.p.
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157-160 °C; IR (KBr): 3324, 3057, 2806, 1658, 1567, 1438,
1335, 1107, 862, 772, 692, 515 cm .

3.1.1.2. [4-Amino-6-(3,5,5-trimethyl-4,5-dihydro-pyrazol-1-yl)-
[1,3,5]triazin-2-ylmethyl]-triphenyl-phosphonium, bromide 7.
Yield: 76%, m.p. 104-108 °C; IR (KBr): 3337, 2965, 2870,
1645, 1558, 1437, 1340, 1107, 855, 719, 690, 513 cm .

3.1.1.3. (4-Amino-6-morpholin-4-yl-[1,3,5]triazin-2-ylmethyl)-
triphenyl-phosphonium, bromide 8. Yield: 64%, m.p. 238—
242 °C; IR (KBr): 3463, 3248, 3131, 2848, 1618, 1576, 1437,
1110, 995, 853, 756, 691, 515 cm .

3.1.1.4. (4-Amino-6-pyrrolidin-1-yl-[1,3,5]triazin-2-ylmethyl)-

triphenyl-phosphonium, bromide 6. A suspension of triazine 2
(0.36 g, 1.4 mmol) and triphenylphosphine (0.37 g, 1.4 mmol)
in dry dioxane (6 ml) was heated under reflux for 1 h. After
cooling to room temperature, the solvent was evaporated under

reduced pressure to dryness. The oily residue thus obtained
was triturated thoroughly with dry diethyl ether. The product
6 that precipitated was separated by suction and dried: 94%
yield, m.p. 180-184 °C; IR (KBr): 3399, 3057, 2847, 1660,
1543, 1437, 1335, 1107, 774, 719 cm .

3.1.2. General procedure for the preparation of 4-[(E)-2-
phenylethenyl]-6-alkylamino-1,3,5-triazin-2-ylamines 9—17

To a stirred solution of phosphonium salt 5-8 (1 mmol) and
the corresponding aldehyde (1 mmol) in dry methanol (5 ml),
was added drop-wise at 25 °C methanolic solution of sodium
methoxide (1 mmol). After heating under reflux for 30 min.,
the reaction mixture was cooled to room temperature and the
precipitate thus obtained was filtered off, washed with cold
methanol and dried. Recrystallization from DMF or acetonitrile
afforded the desired alkenyl derivatives 9—17.

3.1.2.1. 4-[(E)-2-phenylethenyl]-6-(4-phenylpiperazin-1-yl)-
1,3,5-triazin-2-ylamine 9. Yield: 46%, m.p. 139-143 °C (acet-
onitrile); IR (KBr): 3318, 3175, 2921, 2828, 1637, 1527, 1446,
1392, 1328 cm '; '"H NMR (CDCl3) &: 3.26 (t, 4H, CH,,
J=5 Hz, J=5.1 Hz), 4.07 (s, 4H, CH,), 5.49 (br. s, 2H,
NH,), 6.82-7.0 (m, 4H, CH), 7.31-7.45 (m, 5H, CH), 7.6
7.65 (m, 2H, CH), 8.05 (d, 1H, CH, J = 16 Hz) ppm. '*C NMR
(CDCl3) o: 43.76, 49.95, 117.17, 120.92, 125.96, 128.51,
129.31, 129.74, 130.14, 135.95, 141.14, 151.65, 164.92,
165.99, 170.11 ppm.

3.1.2.2. 4-[(E)-2-phenylethenyl]-6-pyrrolidin-1-yl-1,3,5-tria-
zin-2-ylamine 10. Yield: 66%, m.p. 180—183 °C (acetonitrile);
IR (KBr): 3329, 3171, 2971, 2870, 1665, 1642, 1533, 1451,
1340 cm '; "H NMR (CDCls) d: 1.94-2.07 (m, 4H, CH,),
3.55-3.72 (m, 4H, CH,), 5.58 (s, 2H, NH,), 6.88 (d, 1H, CH,
J=16 Hz), 7.3-7.46 (m, 3H, CH), 7.6-7.66 (m, 2H, CH), 8.04
(d, 1H, CH, J=16 Hz) ppm. *C NMR (CDCl) &: 25.49,
46.44, 46.66, 126.93, 128.09, 128.97, 129.48, 136.03,
139.62, 163.62, 166.51, 170.38 ppm.

3.1.2.3. 4-[(E)-2-phenylethenyl]-6-(3,5,5-trimethyl-4,5-dihy-
dro-1H-pyrazolin-1-yl)-1,3,5-triazin-2-ylamine 11. Yield: 32%,
m.p. 237-240 °C (DMF); IR (KBr): 3302, 3169, 2961, 1639,
1519, 1450, 1378, 1331, 1233 cm ', '"H NMR (CDCl;) 6: 1.73
(s, 6H, CH3), 2.14 (s, 3H, CHj3), 2.85 (s, 2H, CH,), 5.89 (br. s,
2H, NH,), 6.85 (d, 1H, CH, J=15.8 Hz), 7.36-7.61 (m, 5H,
CH), 7.97 (d, 1H, CH, J=15.8 Hz) ppm.

3.1.2.4. 4-[(E)-2-(4-nitrophenyl)ethenyl]-6-(4-phenylpiperazin-
1-yl)-1,3,5-triazin-2-ylamine 12. Yield: 73%, m.p. 258-262 °C
(DMF); IR (KBr): 3403, 3316, 3158, 2825, 1639, 1518, 1441,
1390, 1336 cm ~'; "H NMR (DMSO-dg) d: 3.25 (m, 4H, CH,),
3.95 (m, 4H, CH,), 6.8-7.09 (m, 6H, CH + NH,), 7.26 (m, 2H,
CH), 7.92-8.02 (m, 3H, CH, J=15.9 Hz), 8.26 (d, 2H, CH,
J=28.8 Hz) ppm.

3.1.2.5. 4-[(E)-2-(5-nitro-2-furyl)ethenyl]-6-(4-phenylpipera-
zin-1-yl)-1,3,5-triazin-2-ylamine 13. Yield: 88%, m.p. 215—
217 °C (acetonitrile); IR (KBr): 3516, 3400, 3148, 2820, 1612,
1555, 1440, 1348, 1288 cm '; '"H NMR (CDCl5) 6: 3.28 (t,
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Table 1

Overview of the results of the in vitro antitumor screening for compounds 9 and 11-17*

Compound. No. of the cell lines giving positive log Glso” [M], log TGI° [M] and log LCs, [M]*

MG _MID® and A" for Most sensible cell lines

log Glso[M]” log TGI [M(]

log LCso [M]*

Number Range Number Range Number Range log Glsg log TGI

9 56 —4.21 to 35 —4.50 to 4 —4.13 to —4.57 —4.13 Renal cancer 786.0
-4.79 —4.02 —4.09 0.37 0.37

11 56 -5.80 to 56 -5.15to 44 —4.47 to -5.18 —4.61 Breast cancer MDA-MB-435,
—4.68 —4.11 —4.01 0.62 0.54 melanoma LOXIMVI

12 53 —4.88 to 27 —4.48 to — 3 —4.22 to -4.49 —4.09 Melanoma SK-MEL-5

4.02

—4.01 —4.03 0.25 0.39

13 56 -5.56 to 46 —5.00 to 7 —4.18 to -5.08 —-4.36 Colon cancer COLO 205, renal
—4.60 —4.06 —4.01 0.5 0.64 cancer CAKI-1

14 56 -7.13 to 51 5.0 to 22 —4.50 to —4.78 —4.32 Renal cancer A 498, melanoma
—4.14 —4.01 —4.01 2.35 0.68 SK Mel-5

15 55 —5.68 to 51 -5.29 to 43 —4.70 to -5.01 —4.55 Colon cancer COLO 205, mel-
—4.44 —4.25 —4.03 0.67 0.74 anoma LOXIMVI

16 6 —4.52 to 0 >-4.00 0 >-4.00 —4.04 >-4.00 CNS cancer SNB-75
—4.11 0.48 0.00

17 56 -7.02 to 56 —5.84 to 48 -5.30 to -5.62 —4.88 Colon cancer COLO 205, mel-
—4.72 —4.38 —4.02 1.4 0.96 anoma LOXIMVI

A-1% 60 -8.00 to 56 —7.24 to 43 —6.53 to —6.59 -5.89 Leukemia RPMI-8226 Non
-5.10 —4.16 —4.09 1.72 1.79 small lung cancer NCI

? Data obtained from the NCI’s in vitro disease-oriented human tumor cells screen (see Refs 5-7 for details). Compounds 11-18 and 20 were inactive (log

Glso [M] > 4.00).
° The log of the molar concentration that inhibits 50% net cell growth.
¢ The log of the molar concentration leading to total growth inhibition.
4 The log of the molar concentration leading to 50% net cell death.

¢ MG_MID = mean graph midpoint = arithmetical mean value for all tested cell lines. If the indicated effect was not attainable within the used concentration

interval, the highest tested concentration was used for the calculation.

f The reported data represent the logarithmic difference between the parameter value referred to the most sensible cell line and the same mean parameter. Del-

ta is considered low if < 1, moderate > 1 and < 3, high if > 3.
¢ see Ref. [10].

4H, CH,), 4.08 (br. s, 4H, CH,), 5.43 (br. s, 2H, NH,), 6.8 (d,
1H, CH, J=3 Hz), 6.92-7.12 (m, 4H, CH), 7.33-7.41 (m, 3H,
CH), 7.86 (d, 1H, CH, J= 15.8 Hz) ppm.

3.1.2.6. 4-[(E)-2-(5-nitro-2-thienyl)ethenyl]-6-(4-phenylpipera-
zin-1-yl)-1,3,5-triazin-2-ylamine 14. Yield: 91%, m.p. 240—
242 °C (DMF); IR (KBr): 3443, 3307, 3159, 2821, 1625,
1544, 1512, 1436, 1356 cm '; '"H NMR (DMSO-d¢) 6: 3.2
(br. s, 4H, CH,), 3.94 (br. s, 4H, CH,), 6.8-7.04 (m, 6H,
CH + NH,), 7.26 (m, 2H, CH), 7.63 (d, 1H, CH, J=4.4 Hz),
8.0 (d, 1H, CH, J=15.7 Hz), 8.15 (d, 1H, CH, J=4.4 Hz)
ppm.

3.1.2.7. 6-[(E)-2-(5-nitro-2-thiophenyl)ethenyl]-4(-morpholin-
4-y)-1,3,5-triazin-2-ylamine 15. Yield: 71%, m.p. 240-243 °C
(DMF); IR (KBr): 3457, 3304, 3131, 2861, 1630, 1513, 1432,
1328, 1281 cm '; "H NMR (DMSO-dg) J: 3.63 (t, 4H, CH,),
3.76 (br. s, 4H, CH,), 6.85 (d, 1H, CH, J=16.1 Hz), 7.07 (br.
s, 2H, NH,), 7.6 (d, 1H, CH, J=4 Hz), 8.0 (d, 1H, CH,
J=16.1 Hz), 8.13 (d, 1H, CH, J=4 Hz) ppm.

3.1.2.8. 4-[(E)-2-(5-nitro-2-thienyl)ethenyl]-6-(3,5,5-trimethyl-
4,5-dihydro-1H-pyrazolin-1-yl)-1,3, 5-triazin-2-ylamine 16.
Yield: 76%, m.p. 277-280 °C (DMF); IR (KBr): 3509, 3271,
3136, 2912, 1675, 1626, 1513, 1431, 1329 cm '; '"H NMR
(DMSO-dg) o: 1.61 (s, 6H, CH3), 1.98 (s, 3H, CHj3), 2.83 (s,
2H, CH,), 6.88 (d, 1H, CH, J=16.1 Hz), 7.1 (s, 2H, NH,),

7.61 (d, 1H, CH, J=4.4 Hz), 7.86 (d, 1H, CH, J=15.6 Hz),
8.12 (d, 1H, CH, J= 4.4 Hz) ppm.

3.1.2.9. 4-[(E)-2-(5-nitro-2-thienyl)ethenyl]-6-pyrrolidin-1-yl-

1,3,5-triazin-2-ylamine 17. Yield: 73%, m.p. 247-249 °C
(DMF); IR (KBr): 3473, 3324, 3127, 2973, 2874, 1668,
1642, 1558, 1508 cm ~'; "H NMR (DMSO-dg) d: 1.89 (s, 4H,
CH,), 3.5 (d, 4H, CH,), 6.85 (d, 1H, CH, J=15.6 Hz), 7.03
(br. s, 2H, NH,), 7.59 (d, 1H, CH, J=4.4 Hz), 7.95 (d, 1H,
CH, J=15.6 Hz), 8.11 (d, 1H, CH, J=4.4 Hz) ppm.

3.2. Biology

Compounds 9 and 11-17 which passed the preliminary
screening on three tumor cell lines were tested in the frame-
work of the in vitro Anticancer Screen Program of the National
Cancer Institute (Bethesda, USA) on a panel of 56 human tu-
mor cell lines derived from nine different cancer types: leuke-
mia, lung, colon, CNS, melanoma, ovarian, renal, prostate and
breast. Details of the system and the information which is en-
coded by the activity pattern over all cell lines, have been pub-
lished [17-19]. The antitumor activity of a test compound is
given by the parameters for each cell line: log Glso value
(GlIso = molar concentration of the compound that inhibits
50% net cell growth), log TGI value (TGI = molar concentra-
tion of compound leading to total growth inhibition), and LCsy
value (LCsy = molar concentration of the compound leading to
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Table 2

Inhibition of in vitro colon cancer, melanoma and renal cancer cell lines by selected compounds 14, 15 and 17*

Panel cell line Compound 14

Compound 15 Compound 17

log Glso® log TGI © log LCs” log Glso° log TGI® log LCso? log Glso® log TGI® log LCs”

M] (M] (M] (M] (M] (M] M] (M] (M]
Colon cancer
COLO 205 -4.81 —4.49 —4.17 -5.68 -5.29 —4.70 ~7.02 -5.84 -5.26
HCC-2998 —4.65 435 —4.04 -5.29 478 —4.39 —5.48 -5.09 —4.56
HCT-116 -477 —4.50 —424 -5.53 -4.96 -4.48 -6.30 -5.69 -5.30
HCT-15 —4.83 —4.55 —4.26 - - - - - -
HT29 -4.56 415 a - - - - - -
KM12 —4.78 —4.41 —4.05 -5.46 478 —4.26 —6.47 -5.61 —4.82
SW-620 -5.20 —4.55 —4.09 ~4.86 a a -5.95 -4.75 a
Melanoma
LOX IMVI ~4.80 —4.54 427 -5.67 -5.02 -4.47 -6.70 -5.62 -4.83
MALME-3M —4.60 422 a - - - - - -
M 14 —4.71 —4.41 —4.10 ~4.98 —4.61 —4.24 -5.71 —4.83 442
SK-MEL-2 —4.67 431 a 476 435 a -4.93 —4.56 -4.19
SK-MEL-28 —4.60 -4.33 —4.05 -4.75 442 ~4.09 -4.93 —4.58 —4.24
SK-MEL-5 -5.80 -5.00 —4.50 523 472 433 -5.11 —4.68 433
UACC-257 —4.68 435 —4.03 -4.97 —4.64 —4.30 -5.83 -5.02 451
UACC-62 —4.87 451 415 -5.15 471 435 -5.84 -5.06 —4.52
Renal cancer
786-0 —4.52 431 -4.01 —4.80 -4.52 -4.24 -4.97 -4.63 429
A498 -7.13 —4.81 —4.09 -5.05 —4.64 -4.28 - -5.04 —4.40
ACHN —-4.72 438 -4.05 -5.30 -475 438 -5.13 -4.96 —4.48
CAKI-1 —4.74 —4.41 —4.07 471 —4.40 —4.10 -4.97 451 —4.06
RXF-393 473 443 413 -4.95 -4.58 421 -5.53 -4.85 -4.38
SN12C —4.84 —4.45 —4.08 —4.88 —4.58 427 -5.57 —4.60 —4.08
TK-10 —4.14 a a —4.66 433 a -5.58 -5.03 411
U0-31 -4.73 435 a —4.83 —4.52 -4.22 -5.16 —4.64 424

? The values of log Gls, log TGI or log LCs, > 4.00.

° The log of the molar concentration that inhibits 50% net cell growth.
¢ The log of the molar concentration leading to total grown inhibition.
4 The log of the molar concentration leading to 50% net cell death.

50% net cell death). Furthermore, a mean graph midpoint
(MG_MID) is calculated for each of the mentioned parameters,
giving an averaged activity parameter over all cell lines. For
the calculation of the MG MID, insensitive cell lines of the
screen are included with the highest concentration tested. Se-
lectivity of a compound with respect to one or more cell lines
of the screen is characterized by a high deviation of the parti-
cular cell line parameter compared to the MG_MID value.
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