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A convenient method for synthesis of new sym-triazine ester and hydroxamate derivatives
has been developed. Various reaction conditions were studied and optimized, and a series of
new 1,3,5-triazine based esters and N-hydroxyamides were obtained with good yields (38-

80%). The reaction between oxo-derivatives of 4,6-disubstituted-1,3,5-triazines and
halogenated carboxylic esters derivatives using Cs2COs as a catalyst was found to be the most
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convenient method for 4,6-disubstituted-1,3,5-triazine-2-yloxy esters synthesis. These 1,3,5-
triazin based esters served as precursors for the synthesis of 4,6-disubstituted-1,3,5-triazin-
2-yloxy-N-hydroxybutanamides using solution of hydroxylamine hydrochloride in dry
methanol and KOH at room temperature. Structures of the newly synthesized compounds
were obtained by 'H NMR, 13C NMR, MS, IR spectral data and elemental analysis.

1. Introduction

Hydroxamic acids (HA) were discovered by Hoffman in
1889 [1] and till this day their high biological activity and
practical value [2-6] attract the interest of many researchers.
Hydroxamic acids are good chelators and widely used in
analytical chemistry [4]. HA can also be used for fishing out
heavy and transition metals from diluted solutions of their salts
[7,8]. However, the biggest attraction to the chemistry of
hydroxamic acids is due their high biological activity [9-16]
such as inhibitors for different enzymatic systems [9,10],
carcenolytics [11-13], killers against plant-parasitic in various
organisms [14,15], as well as very active antimalarial
compounds [16].

Furthermore, 1,3,5-triazine derivatives posses a wide
variety of biological activity as HIV treatment, and as catalysts,
herbicides, carcenolytics [17-20], as well as compounds with
growth-stimulating activity, antidote activity, nontoxic cationic
surfactants, and inhibitors of the oil oxidizing processes [21-
28].

Combination of these two bioactive moieties in one
structure could enhance their existing bioactivities. Synthesis
and investigation of some physical properties of new
hydroxamic acids containing the sym-triazine backbone (THA)
was the subject of our interest in this research.

Hydroxamic acids can be synthesized from amino acids and
hydroxyl amine using cyanuric chloride acid as a catalyst [29].
The most common method of HA synthesis is treating the ester
derivatives with hydroxyl amine [12,30-35]. Although some
sym-triazine containing esters have been described, which
were synthesized through a multistep synthesis using
melamine and isocyanates [30], only one article was found
where the sym-triazine based hydroxamic acids have been
described [31]. The initial reagent for the synthesis of these

THA was melamine and these hydroxamic acids have been used
for the investigation of the gel formation processes [31].

Both methods [30,31] allow synthesis of only a-amino acid
ester, amide, or hydroxamate derivatives of sym-triazines. The
syntheses of hydroxamates of oxy-acid derivatives of sym-
triazines have not been previously described.

2. Experimental
2.1. Instrumentation and materials

The IR spectra were recorded on a BRUKER-Alpha P
spectrophotometer. The 13C and 'H NMR spectra of esters and
hydroxamates = were measured on a  Varian-400
radiospectrometer in CHCl3-D1 and DMSO-Ds solution
accordingly. The mass-spectra were obtained on a Finnigan
MAT INCOS50 instrument (ionizing radiation energy was 70
eV). Elemental analysis was carried out on a Carlo-Erba model
1106 analyzer. The progress of the reactions was monitored
and the purities of the compounds were checked by TLC on
Polymer-2 with UV sensitive silufol layer plates in a
acetone:hexane (1:1) system.

The  initial  2,4-disubstituted-6-chloro-1,3,5-triazines,
starting ammonium salts (I) and oxocompounds (II) were
prepared from cyanuric chloride according to the procedures
described earlier [2, 7, 36, 37]. The solvents have been purified
and dried according to the procedures as described earlier [38,
39].

2.2. Synthesis
2.2.1. Compounds Il a-k

Compounds III a-k were synthesized similarly. Ethyl 4-(4,6-
dimorpholino-1,3,5-triazine-2-yloxy)butanoate (111h): 1.337g
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Table 1. IR, NMR and Mass Spectra of new esters and hydroxamic acids-1,3,5-triazine derivatives.
Compound IR-spectrum, v(cm-1) 1H NNR 8§ (ppm) 13C NMR 8§ (ppm) I\;IS ’m{/oz)
11E 1728 (C=0); 1604; 1568; 1530 (- 4.80 (2H, s, 0CHzCO0); 4.16 (2H, g, ]=6, 0OCH2CHs); 3.72 (8H, t, ]=6, & 178.4,174.4,169.3, 349(65)
C=C+-C=N); 1263 (-C-N); 1160;  2N-CH3); 1.67-1.59 (4H, m, CH piperid.); 1.57-1.49 (8H, m, CH; 65.5,61.3,52.4,
1123 ; 1084 ; 1008 (C-0-C) piperid.); 1.24 (3H, t, J=6, 0CHCHz) 25.9,25.5, 14.1
1Ib 1744 (C=0); 1582, 1539; 1496 (-  4.74 (2H, s, 0CH2CO); 4.20 (2H, q, ]=6, 0CH,CHs); 3.79 (8H,t,]J=6,%  178.8,176.5,169.3,  353(77)
C=C +-C=N); 1255 (-C-N); 1155, 2N-CHz); 3.64 (8H, t, ]=6, X OCH2CH:N); 1.25 (3H, t, ]=6, OCHz CH3) 66.4,65.4,62.2,
1107; 1063; 1001 (C-0-C) 463,155
Illc 3081, 2976 (CH Ph); 1754 (C=0); 7.44-7.34,7.32-7.22,7.21-7.11 (10H, m, ZCH OPh); 4.98 (2H, s, 181, 174.6,168.5, 367(100)
1590, 1553, 1499 (-C=C + -C=N); OCH2C=0); 4.23 (2H, q, ]=5.4; 0CH2CH3); 1.29 (3H, t, ]=5.4; 155.2,129.8,124.7,
1195; 1134; 1069; 1020 (C-0-C) OCH2CH3) 121.3, 65.6, 62.5,
18.5
Imd 1578, 1530; 1498 (-C=C +-C=N); 4.31 (2H, t, ]=6.0; OCHz (CH2)2C0); 4.13 (2H, q, J=6; OCH2CH3); 3.72 178.4,171.4,122.8, 377(65)
1269 (C-N); 1174, 1118, 1083, (8H, t, 22CHzN-CHz); 2.47 (2H, t, ]=6.0; -CH2C=0); 2.16 (2H, t.t.; ]=6; 70.4,65.5,49.7,
1022 (C-0-C) OCHCH;CH); 1.68-1.59 (4H, m, CHz piperid.); 1.58-1.49 (8H, m, 36.1,31.1,30.09,
CH; piperid.); 1.21 (3H, t, ]=6, 0CH,CH) 29.9,19.1
Ille 1744 (C=0); 1587, 1538, 1504 (- 4.43 (2H, t, ]=6.3; CHz (CH2)2C0); 4.11 (2H, q, J=6.3; 0OCH2CH3); 3.91 177.9,175.7,170.7, 71(60)
C=C +-C=N); 1165,1122, 1089, (6H, s, OCH3); 2.53 (2H, t, ]=6.3; -CH2C=0); 2.21 (2H, t.t; ]=6.3; 70.03, 65.3, 45.8,
1017 (C-0-C) OCH>CH,CH,); 1.23 (3H, t, ]=4.8; OCH,CH3) 36.1,19.4
It 1732 (C=0); 1580, 1528, 1501 (-  4.40 (2H, t, ]=5.4; OCH; (CHz)2); 4.14 (2H, q, J= 5.4; OCHzCHz); 3.94  182,173.5,173.1, 326(68)
C=C+-C=N); 1252 (-C-N); 1180,  (3H, s, OCHz); 3.86 (4H, t, ]=5.4; £ NCH>); 3.71 (4H, t, ]=5.4; OCHz); 169.8, 68.3, 66.3,
1109, 1049, 1006 (C-0-C) 2.50 (2H, t, J=5.4; CHzCO); 2.15-2.06 (2H, m, COCH. CH2); 1.25 (3H,t,  61.2,55.8,46.5,
J=5.4; OCH,CHz) 30.1, 24.5,19.2
g 3062, 2961 (CH Ph); 1727 (C=0);  7.45-7.35,7.28-7.19, 7.18-7.10 (10H, m, & CHOPh); 4.33 (2H, t, 179.1,178.1,157.5,  395(86)
1598, 1562, 1497 (C=C + C=N); J=6.0; 0CH; (CH2)2C0); 4.12 (2H, q, ]=6.0; OCH2CHz); 2.53 (2H, t, 135.1,131.6,127.1,
1163, 1125, 1091, 1021 (C-0-C) ]=6.0; -CH2C0); 2.09-2.00 (2H, m, OCH2CH2CH3); 1.30 (3H, t, ]=6.0; 122.8,73.2,65.7,
OCH2CH3) 35.7,29.2,19.1
IITh 1728 (C=0); 1574, 1531, 1498 4.32 (2H, t, ]=6.0; 0OCH2CH2CH2); 4.14 (2H, q, ]= 6.0; OCH2CH3); 3.80 178.5,175.4,172.9, 381(57)
(C=C + C=N); 1251 (-C-N); 1183, (8H, t, ]=6.0; ZOCHy); 3.68 (8H, t, ]= 6.0; NCH2CH,0); 2.46 (2H, t, 68.4,66.9, 61.6,
1115, 1047, 1021 (C-0-C) ]J=6.0; CH2CO); 2.15-2.06 (2H, m, CH.CH2CH.CO0); 1.23 (3H, t,]=6.0; 47.1,30.3,24.4,18.9
OCHCH3)
IIIi 1736 (C=0); 1591, 1523, 1499 (- 4.35 (2H, t, ]=5.5; OCH2 (CHz)2); 4.11 (2H, q, J= 5.5; OCH2CH3); 3.96 181.7,173.3,173.1, 324(71)
C=C + C=N); 1284 (CN); 1174, (3H, s, 0CH3); 3.79-3.71 (4H, m, ENCHz); 2.46 (2H, t, J=5.5; COCHz);  169.5, 68.5, 62.5,
1129, 1105, 1030 (C-0-C) 2.12-2.03 (2H, m, 0CH2CH2CH>); 1.68-1.61 (2H, m, CHzpiperid.) 56.1,52.4,30.7,
1.59-1.52 (4H, m, CHzpiperid.); 1.23 (3H, t, ]=5.5; 0CH,CHz) 25.9, 25.5, 24.6, 20.4
I11j 1731 (C=0); 1574, 1529, 1498 4.32 (2H, t, ]=5.8; OCH2CH2); 4.12 (2H, q, ]= 5.8; OCH2CH3); 3.95 (3H,  178.8,176.5,171.8, 354(60)
(C=C + C=N); 1256 (CN); 1158, s, OCHs); 3.84 (4H, t, ]=5.8 ENCH.); 3.72 (4H, t, ]=5.8; ZOCH,); 2.32 122.8,71.8,71.5,
1111, 1095, 1034 (C-0-C) (2H, t, ]=5.8; CH2C0); 1.85-1.76 [2H, m, OCH,CH2 (CH,)s]; 1.73-1.64  49.1,39.2,35.4,
(2H, m, O (CHz)s-CHz); 1.53-1.44 (2H, m, O (CHz)2CH (CHz)> CO); 33.8,30.7,29.9, 19.1
1.26 (3H, t, J=5.4; OCH,CH3)
Ik 3063, 2978 (CHPh); 1730 (C=0); 7.44-7.34,7.28-7.18, 6.96-6.86 (10H, m, ZCHOPh); 4.13 (2H, q, 181.7,173.3,173.1, 423(45)
1596, 1553, 1499 (-C=C + -C=N); ]=6.0; OCH2CH3); 3.95 (2H, t, ]=6.0; OCH2CH2); 2.36 (2H, t, ]=6.0; 169.5, 68.9, 66.4,
1162, 1115, 1081, 1029 (C-0-C) CH:C0); 1.84-1.75 (2H, m, OCH2CHz (CH;)5C0); 1.59-1.50 (2H, m,0  62.5,55.8, 46.9,
(CH2)3CHz CH2CO0); 1.43-1.34 (2H, m, OCHCH2CH2 CH2 CH2CO0); 1.27 33.9,29.5,25.9, 20.4
(3H, t, ]=6.0; OCH,CH)
IVa 3204 (0-H, N-H); 8.22 (1H, s, HO-NH); 4.75 (2H, s, OCH>CO); 3.77 (8H, t, ]=3.0; 170.1,168.2,166.1,  340(38)
1672(C=0amid); 1576, 1515, XNCH:CH:0); 3.68 (8H, t, ]=3.0; £ OCH2CH:N); 1.78 (1H, s, HO-NH) 66.6,44.1,40.6
1499 (C=C + C=N); 1251 (C-N);
1202, 1114, 1067, 1004 (C-0-C)
IVb 3258 (0-H, N-H); 1693 8.36 (1H, s, HO-NH); 4.34 (2H, t, ]=4.0; OCH: (CH2)2C0); 3.78 (8H,t,  170.9,169.2,1659,  368(53)
(C=0amid); 1567, 1528, 1497 J=4.0; ENCH>); 3.70 (8H, t, ]=4.0; Z0CH>); 2.46 (2H, t, ]=4.0; CH2C0);  67.9, 66.4, 44.3,
(C=C + C=N); 1250 (CN); 1163, 2.18 (1H, s, HO-NH); 2.13-2.04 (2H, m, OCH,CH:CH) 31.4,24.9
1107, 1047, 1008 (C-0-C)
IVc 3274 (0-H, N-H); 1688 8.43 (1H, s, HO-NH); 4.34 (2H, t, ]=4.8; OCH: (CH2)2C0); 3.97 (3H,s,  182,173.1,169.9, 327(100)
(C=0amid); 1577, 1532, 1498 OCH3); 3.71 (8H, t, ]=4.8; = N-CH2CH,0); 3.71 (8H, t, ]=4.8; 67.9, 66.4, 55.8,
(C=C + C=N); 1239 (CN); 1154, SOCH>CH:N); 2.49 (2H, t, ]=4.8; -CH,CO); 2.48 (1H, s, HO-NH); 2.13-  46.4, 28.8, 25.0
1122, 1049, 1006 (C-0-C) 2.04 (2H, m, OCH,CH,CHz)
vd 3041, 2811 (CH Ph); 1696 8.42 (1H, s, HO-NH); 7.57-7.47 , 7.38-7.28, 7.22-7.12 (10H, m, 181,174.5,169.8, 410(48)
(C=0amid); 1570, 1548, 1498 XCHOPh); 4.33 (2H, t, J=5.1; OCH2CH2CH.CO0); 2.53 (2H, t, J=5.1; 155.2,129.8,124.8,
(C=C + C=N); 1169, 1115, 1060, CH2CO0); 2.29 (1H, s, HO-NH); 2.08-2.00 (2H, m, OCH2CH2CHz) 121.3,68.2,27.9,
1010 (C-0-C) 24.8
IVe 3239 (0-H, N-H); 1703 8.51 (1H, s, HO-NH); 4.11 (2H, t, ]=6.0; OCH2CH.CH.CO0); 3.16 (8H, t, 178.6,173.5,170.2, 364(78)
(C=0amid); 1594, 1562; 1496 2XCH:N); 2.48 (1H, s, HO-NH); 2.27 (2H, t, ]=6.0; -CH2C=0); 2.14-2.06 67.7,52.4,28.38,
(C=C + -C=N); 1239 (CN); 1186, (2H, m, OCH2CH,CHy); 1.58-1.49 (4H, m, CH; pypired.); 1.51-1.42 26.1,25.5,25.0
1118, 1047, 1011 (C-0-C) (8H, m, CH; pypired.)
Ivf 3220 (0-H, N-H); 1684 8.12 (1H, s, HO-NH); 4.27 (2H, t, ]=6.3; OCH2CH>); 3.55 (8H, t, ]=6.3; 173.9,173.5,171.0, 396(61)

(C=0amid); 1561, 1531, 1498
(C=C + C=N); 1247 (C-N); 1193,
1150, 1106, 1002 (C-0-C)

ENCH); 3.46 (8H, t, ]=6.3; £ OCH); 2.40 (2H, t, ]=6.3; CH2C0); 2.09
(1H, s, HO-NH); 1.83-1.75 (2H, m, OCH;CHz (CH2)3C0); 1.74-1.65
(2H, m, O (CHz)3CH2CHCO); 1.53-1.44 (2H, m, OCH2CH2-
CH2CH2CH2C0)

66.6, 66.3, 40.6,
33.8,29,25.7,25.0
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Table 2. Characteristics of Synthesized compounds Illa-k, IVa-f, Va.

0,
Compound Empirical formula C Fou;d (Calculated) (A))N M.p. (°C) Yield (%)
Mla C17H27Ns03 58.23 (58.43) 8.02 (7.79) 20.29 (20.04) 84-86 52.7
IIb C15Hz3Ns0s 51.17 (50.98) 6.41 (6.56) 19.66 (19.82) 90-92 73.0
Iic CioHi7 N30s 62.25 (62.12) 4.52 (4.66) 11.60 (11.44) 75-78 47.3
1id C19H31N503 60.58 (60.45) 8.41 (8.28) 18.63 (18.55) 60-62 68.0
Ille C11H17N30s 48.53 (48.70) 6.47 (6.32) 15.67 (15.49) 76-78 48.4
1t C14H22N405 5537 (55.52) 658 (6.79) 17.29 (17.17) 40-42 59.7
Tig C21H21N30s 63.64 (63.79) 5.51 (5.35) 10.52 (10.63) 70-72 50.8
IIh C17Hz7Ns0s 53.45 (53.53) 4.28 (4.14) 18.49 (18.36) 73-75 69.2
Il C15H24N404 55.66 (55.54) 7.58 (7.45) 17.39 (17.27) 38-40 40.1
11j C16H24N4Os 54.36 (54.22) 7.19 (7.39) 15.95 (15.81) 34-36 412
Tk C23HzsN30s 65.38 (65.21) 5.84 (5.95) 9.83 (9.92) 62-65 495
IVa C13H20N60s 45.69 (45.88) 5.78 (5.92) 24.76 (24.69) 146-148 47.9
IVb C15H24N6Os 48.45 (48.90) 6.28 (6.57) 22.98 (22.81) 158-160 54.1
Ve C13H21Ns0s 47.76 (47.64) 6.58 (6.49) 21.19 (21.40) 150-153 415
vd C20H20N4Os 58.41 (58.53) 5.04 (4.91) 17.21 (17.06) 140-141 46.3
Ve C17H2sN603 56.18 (56.03) 7.84 (7.74) 23.18 (23.06) 179-180 38.4
IVE C17H2sN0s 51.36 (51.50) 7.29 (7.12) 21.35 (21.20) 182-183 65.9
Va C16H25Ns0s 52.03 (52.25) 6.97 (6.80) 19.36 (19.05) 101-103 72.1
_R
0~ “\C-NH-OH )0\ c=N-ol
NN ﬂ — N7°N LH
| B — |
0 SN J\R N J\R
A T NTOR, var @ ONR
NN R 38-66%
N+’CI RAN/)\R o/ cooc,H; NHz20H
1 2
NaOH ﬂ BrRCOOC;H; “C2HsOH
— e
e e R)\\ 1,
R)\ )\Rz N(CHa)3; -NaCl 52605 NH,OH/CH;0H
OH o~ R ~coocH
It a-k 2GHz, 1 hr Pe s
/%N 41-80% NZON
1 N 2
Va

Ila,d R; = R; = Piperidino, R = CH; Illa, (CH,); IIld; Illb,h Va R; = Rz = Morpholino, R = CH; IlIb, Va; (CHz)s IlTh, IIIf,j Ry = OCHs, R, = Morpholino, R = (CHy); IIIf,

(CHz)s I1Ij; ITIc,g Kk R1 = Rz = OCsHs, R = CH: Illc, (CHz)s IIIg, (CH2)s IIIK; Ille Ry =

R> = OCHs, R = (CHz)s; IIi Ry = OCHs, R, = Piperidino, R = (CHz)s ; IVa,b,f Ry = R; =
Morpholino, R = CHz IVa, (CHz)3 IVb, (CH2)s IVf; IVc Ry = OCHs, Rz = Morpholino, R = (CHz)3; IVd Ry =

R2=0C¢Hs, R = (CHz)a; IVeRi=R:= Piperidino, R= (CHz)a.

Figure 1. Synthesis of the (2,4-disubstituted-1,3,5-triazin-2-yloxy)-N-hydroxyamides and esters.

(4.99 mmol) of 4,6-dimorpholino-1,3,5-triazin-2(1H)-one was
dissolved in 15 mL of dry DMF at 60 °C and stirred for 10 min
and then the solution of 1.114 g (499 mmol) ethyl
4-bromobutanoate and 1.735 g (5.49 mmol) Cs2CO3 in 15 mL
DMF was added drop wise. The reaction mixture was stirred at
60-80 °C for 4 hours. Progress of the reaction was monitored by
TLC. The solution was allowed to cool down to 20 °C and 25 mL
of ice cold water was added with continued stirring. The
reaction mixture was kept on an ice bath approximately 2-3
hour to ensure that maximum amount of white precipitate was
obtained. The product was filtered and washed out with cold
water (3 x 20 mL) and dried at 50 °C. After purification by
crystallization from ethanol:water solution (3:2), 1.316 g of
compound IITh was obtained (69.2%) (Figure 1). Physico-
chemical characteristics of synthesized compounds could be
found in Table 1 and 2.

2.2.2. Compounds IV a, c-f

Compounds IV a, c-f were prepared similarly. 4-(46-
Dimorpholino-1,3,5-triazin-2-yloxy)-N-hydroxybutanamide
(IVb): A solution of 0.639 g (9.2 mmol) hydroxylamine
hydrochloride in 10 mL of dry methanol and 0.515 g (9.2
mmol) KOH in 10 mL dry methanol were mixed at room
temperature. The reaction mixture was stirred in an ice bath
for 10 min and filtered. The resulting solution was slowly
added to a solution of 1.16 g (3.045 mmol) of ethyl 4-(4,6-
dimorpholino-1,3,5-triazine-2-yloxy)butanoate in 25 mL of dry
methanol. The reaction mixture was refluxed for 6 hours and
progress of the reaction was monitored by TLC. The solution

was allowed to cool down to 20 °C. The reaction mixture was
evaporated by vacuum. The resulting residue was dried at 50 °C
and purified by crystallization from iso-propanol:water (3:1)
solution (Figure 1). The final yield was 0.606 g (54.1%).
Physico-chemical characteristics of synthesized compounds
could be found in Table 1 and 2.

2.2.3. Compounds Va

Methyl 4-(4,6-dimorpholino-1,3,5-triazine-2-yloxy)butanoate
(va): A solution of 0.639 g (9.2 mmol) hydroxylamine
hydrochloride in 10 mL of dry methanol and 0.515 g (9.2
mmol) KOH in 10 mL dry methanol were mixed at room
temperature. The reaction mixture was stirred in an ice bath
for 10 min and filtered. The resulting solution was slowly
added to a solution of 1.16 g (3.045 mmol) of ethyl 4-(4,6-
dimorpholino-1,3,5-triazine-2-yloxy)butanoate in 25 mL of dry
methanol. The reaction mixture was heated in microwave at
2 GHz for 1 hour and progress of the reaction was monitored by
TLC. The solvent was evaporated by vacuum. The product was
filtered and washed out with cold water (3 x 20 mL) and dried
at 50 oC. After purification by crystallization from ethanol:
water solution (3:2), 0.83 g of compound Va was obtained
(72%) (Figure 1). Physico-chemical characteristics of
synthesized comp-ound could be found in Table 1 and 2.

3. Results and discussion

We investigated several different methods to synthesize the
desired THA as shown in Figure 1. The attempts to synthesize
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hydroxamates from sym-triazine carboxylic acids were not
successful even using cyanuric chloride as a catalyst. This
method is also not very suitable due to the limited number of
hydroxyl containing acids available. It was possible to
synthesize THA using esters III as intermediate compounds.
This could be achieved wusing 4,6 disubstituted-2-
(trimethylamino) chlorides I as initial compounds [36,37].
Unfortunately, the attempts to synthesize esters III with direct
reaction between quaternary salts I and some esters of
oxycarboxylic acids were not successful probably due to the
relatively low nucleophilicity of the hydroxy group in these
acids. Salts hydrolysis products (II) were the major products in
all of these cases. We found that alkylation of oxo-derivatives II
is the most convenient and successful method for the esters
(III) synthesis. Compounds II could be easily synthesized by
the basic hydrolysis of quaternary salts [36].

The progress of the reactions was monitored using TLC. It
is interesting to note that the alkylation of the oxo-derivatives
II with the w-bromo-alkenylesters in the presence of equimolar
amounts of KOH, NaOH, or K2CO3 as acceptors of HBr takes
about several days to complete with very low yields (10-15 %).
Increasing the reaction time, as well as using different types of
purified protic solvents [38,39] did not affect the final product
yields. Alternatively, using dry DMF as a solvent and equimolar
amount of Cs2CO3 as a base have been found to be optimal
conditions for this synthesis. This helped to increase the final
yields to 39-80% (see Table 1) as well as decrease the reaction
time from few days to several hours.

The sym-triazine ester derivatives (III) were treated with
three equivalents of freshly prepared hydroxyl amine in dry
methanol to produce the final products [12,32-35]. The final
yields under these conditions were 38-66%. Attempts to
increase the final product’s yield using KCN [34] as a catalyst or
microwave conditions [12] were not very successful. The main
product of reaction between compound IITh and
hydroxylamine using dry methanol as a solvent under
microwave synthesis conditions was transesterefication
product Va. Using THF as a solvent for microwave synthesis did
not produce the desired product with a reasonable yield.

The new compounds III and IV are white or light yellow
crystals. They are not soluble in water and alkanes; THA have a
good solubility only in dioxane, DMF, DMSO, and other organic
solvents with a high boiling point; esters are soluble in alcohols,
dichloromethane, and chloroform. Compounds III have lower
melting points (34-95 °C) compared with compounds IV (140-
182 oC), as expected, due to the absence of the hydrogen bonds.
The melting point values for both types of sym-triazine
derivatives were lower with longer carbon chain length.

The structures of all synthesized compounds established by
IR, 13C NMR, 'H NMR, Mass-spectroscopy, and Elemental
analysis data (see Tables 1, 2).

IR-spectroscopy peaks for compounds III and IV show
variable intensity, with broad absorption bands as well as
stretching vibrations typical for the functional groups in their
structures. Compounds III and IV have three medium and
strong absorption bands in the area 1603-1496 cm'! typical for
the conjugated C=C and C=N. The C=0 singlet absorption band
is seen for compounds III present at 1729-1760 cm-?, while this
signal has been shifted to higher frequencies (1703-1672 cm1)
in case of THA. This is typical for the C=0amia. Compounds III
and IV all have four absorption bands at 1195-1002 cm?
typical for the C-O-C functional group. IR spectra of compounds
IlIc, I1Ig and IIIk have medium and small absorption bands at
815-806 and 787-773 cm'! typical for the bending vibrations of
the ycu in Ph.

1H NMR spectra data of all synthesized compounds have
signals of all corresponding protons and the integration curves
prove the number of protons. The single proton of the NH
amide has a signal in the area of 8.12-8.51 ppm. Compounds IV

have the singlet signal of the OH-NH group at 1.78-2.48 ppm,
which is the most prominent structural distinction between
these compounds. The protons of the morpholyl and piperidyl
rings of derivatives III and IV appear as multiplet signals (see
Table 1).

The mass spectroscopy spectra of compounds III and IV
also confirm their structure. Compounds Illc and IVc have the
maximum intensity of the molecular ions. The fragmentation
pattern of the molecular ions under electronic impact is the
same as has been observed for the synthesized heterocyclic
derivatives of the 1,3,5-triazine [36,37,40-43].

In summary, a series of new organic compounds containing
ester and hydroxamate derivatives of 1,3,5-triazine have been
prepared. The alkylation of sym-triazine oxo-derivatives was
found to be the most convenient and successful method for the
oxy-acid esters with triazine backbone. Treatment of these
esters with freshly prepared hydroxylamine in methanol
successfully lead to the new hydroxamate derivatives of 1,3,5-
triazine. The investigation of the practical bioactivity of these
derivatives is the subject for our future research.
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