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EXTENDED ABSTRACT

Introduction

In recent years, heterogeneous catalysts have attracted much attention. The easy
isolation of heterogeneous catalysts from the reaction mixture following product formation
is the main advantage of these catalysts. In most cases, heterogeneous catalysts are simply
recovered through filtration and then washing and drying, and even after several times
recovery, no decrease in their efficacy has been seen. During the last two decades,
heteropoly acids such as Preyssler acid (H14[NaPsW300110]) were employed as efficient
heterogeneous catalysts for various organic transformations including N-oxidation of
pyridine, oxidation of benzyl alcohols, alkylation of benzene, protection of alcohols,
esterification of salicylic acid and alcohol, photodegradation of methyl orange, synthesis of
aspirin, lactones, 1,2,4-triazino[4,3-b][1,2,4,5]tetrazines, carbamato alkylnaphthols and bis-
coumarins. Some of the extra advantages of Preyssler acid as a strong Bregnsted acidic
catalyst with 14 acidic protons include high hydrolytic/thermal stability, ease of separation,
reusability, corrosiveness as well as high oxidation potential. The present research aimed to
investigate the catalytic capability and enhancement of the efficiency of the heteropoly acids
for the synthesis of triazines by supporting the Preyssler acid on nano-titania.

Methodology

Reagents

The chemicals used in this study were purchased from Aldrich (USA), Fluka
(Switzerland), Merck (Germany), and Nanosani (Iran) in pure form and used without any
further purification.

Apparatus

To identify the products of the present study, the IR spectra were obtained on Perkin
Elmer FT-IR and only noteworthy absorptions are listed. The 1H NMR (90 MHz) and the 13C
NMR (100 MHz) spectra were recorded on a FT-NMR-90 MHz and FTNMR-400 MHz
manufactured by Jeol and Bruker Company, respectively. Melting points were recorded on a
SMP model apparatus, as well. A UV-sensitive TLC (Merck) was used to identify the desired
compounds, follow the reaction progress, estimate the end time of the reaction, and ensure
the purity of the products and raw materials. It is important to note that the spots related to
the compounds were followed by a UV lamp (Mutzen-Schweiz) in the wavelength of 254 and
366 nm. In all reports related to 1H NMR spectra, the symbols s (singlet), d (doublet), t
(triplet), m (multiplet), and q (quadruplet) are used.

Experimental

General procedure for the synthesis of various triazine derivatives

A mixture of a-dicarbonyl (1 mmol), semicarbazide or thiosemicarbazide (1 mmol) and
Preyssler acid mediated-nano TiO2 (20 mg) was refluxed in DMSO for an appropriate time
(4-6 h). After completion of the reaction monitored by TLC (n-hexane:EtOAc, 6:4), the
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catalyst was centrifuged and then the mixture was poured onto cold water with good
stirring. When precipitates appeared, it was filtered, washed with Ethyl acetate and water;
and dried at room temperature to obtain the pure product.

Results and discussion
Initially, the synthesis of triazine rings from the condensation reaction between various

alpha-dicarbonyls with semi-carbazide or thio-semicarbazide was investigated in the
presence of different catalytic systems under reflux conditions (Figure 1).
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Figure 1. The general pathway to the synthesis of triazines.

Effect of the catalyst particle size on the reaction
As shown in Figure 2, a comparison of the reaction rates and yields of model reaction in

the presence of various particle sizes of nano-titania indicates that the reaction rate and
yield are improved with decreasing the size of nano-TiO2 particles.
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Figure 2. Effect of titania particle size on the rate and yield of the model reaction.

Optimizing the reaction conditions
The reaction was optimized in terms of other conditions such as the amount of acidic

content of the catalyst, solvent, temperature and type of catalyst. These results are
summarized in Table 1.
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Table 1. Screening the reaction parameters for the synthesis of triazines.

Ti Yield
Entry Catalyst (acidic content) Condition? Solvent (lll:;e (1;0)
No catalyst Reflux DMSO 3 0
nano-titania Reflux DMSO 3 31
3 Preyssler acid Reflux DMSO 3 43
Preyssler acid / nano-TiO>
4 Refl DM
(0.0012) eflux SO 3 55
Preyssler acid / nano-TiO>
Refl DM 2
5 (0.0024) eflux SO 3 6
Preyssler acid / nano-TiO2
Refl DM 7
6 (0.0041) eflux SO 3 0
7 Preyssler acid / nano-TiOz (0.005) Reflux DMSO 3 80
Preyssler acid / nano-TiO2
Refl DM
8 (0.0056) eflux SO 3 85
Preyssler acid / nano-TiO2
Refl -BuOH
9 (0.0056) eflux t-BuO 3 36
Preyssler acid / nano-TiO2
1 Refl DMF
0 (0.0056) eflux 5 66
Preyssler acid / nano-TiO2
11 Refl EtOA
(0.0056) eflux tOAc 3 0
Preyssler acid / nano-TiO2
12 (0.0056) Reflux EtOH 5 64
Preyssler acid / nano-TiO2
13 (0.0056) Reflux MeCN 5 39
Preyssler acid / nano-TiO2
14 (0.0056) Reflux H20 5 1]
Preyssler acid / nano-TiO> EtOH/ Hz0
15 (0.0056) Reflux 7:1) 5 60
Preyssler acid / nano-TiO> EtOH/ Hz0
16 (0.0056) Reflux 1) 3 54
Preyssler acid / nano-TiO> EtOH/ Hz0
17 (0.0056) Reflux (1:1) 3 41
Preyssler acid / nano-TiO> Sonication (40
18 (0.0056) °c) DMSO 3 17
Preyssler acid / nano-TiO> Sonication (50
19 (0.0056) °c) DMSO 3 19
Preyssler acid / nano-TiO> Sonication (60
20 (0.0056) °) DMSO 3 23
21 FeCls / nano-Ti02(82mg/g) Reflux DMSO 3 68
22 15nm-TSA (5 mmol[H*]/g) Reflux DMSO 3 74

aCondition: Dicarbonyl (1 mmol), Semicarbazide (1.2 mmol), Solvent (5 mL), Solid Catalyst (20 mg)

The significance of the catalyst in the reaction was approved by conducting the reaction
in the absence of the catalyst that resulted in a very low yield (entry 1). Concerning the
aforementioned effects on the reaction parameters, synthesis of triazines can proceed
through the condensation reaction of various a-di carbonyls with semicarbazide or
thiosemicarbazide in the presence of 15 nm titania acidified with Preyssler-type heteropoly
acid in refluxing DMSO (Figure 3).
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Figure 3. Preyssler acid-mediated nano-TiO2-catalyzed synthesis of triazines.

To establish the generality of the catalyst and develop the scope of the reaction, the
reaction was conducted with a series of various aliphatic/aromatic a-di carbonyls under the
determined optimum conditions.

Conclusion

In the present study, a successful and efficient synthesis of triazine compounds was
developed through the condensation reaction between alpha-di carbonyls and
semicarbazide or thiosemicarbazide in the presence of Preyssler-type heteropoly acid
modified nano-titania as a heterogeneous catalyst. These reactions proceeded under reflux
conditions to afford triazine derivatives with good to excellent yields. At the end of the
reaction, the catalyst can be easily recovered and reused for several successive fresh runs
without any significant loss of catalytic activity.
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5315 956 51 55 Jade 5 (Joa ko)) w3 (oo 2B b 23S (gon (J9a e V) U S s-@x
el OB F oy L2STy plosl Jsans (o b eS8, Logloka s 5 45y, DMSO Do il oo V- (s3>
s s B Ces 2y Sl L5 o3 o boglsee 5 eslizal b 536 &Y 315 gilag,S b LSl b iy o0
=5 OOS VLA b e 02 b3k 5 s3lular STy bl 5 5gnts sl Jawgi 59361 2STg pledl 51 g
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Al Jols LYY Glesily b el 8 loy Se 0 oS 5 oyl

M.p. 250-252 °C; FT-IR (KBr, cm™) v 3500, 3000, 1689; 'H NMR (90 MHz, DMSO-dg) oy =
6.4 (m, 5H), 1.09 (d, 3H), 11.03 (s, 1H), 9.5 (s, 1H).

() J¥- 25T 6 5-F X A= Jsd g5
s ol A ol b el oo Sioe 10 a5 o

M.p. 231-233 °C; FT-IR (KBr, cm™) v 3466, 3200, 1707; *H NMR (90 MHz, DMSO-dg) d =
7.27 (m,11H), 13,51 (5, 1H); 3C NMR(100 MHz, DMSO-0s) dc= 127.99, 128.15, 128.77, 128.88,
129.28, 130.78, 134.48, 135.73, 142.30, 153.35, 167.28.

() JEY-Jgussl[b-50] 5 3T 6 5 [F. ¥ ]-Ha
s ool TAF ol b celis ¥ ol e 43 S 5

M.p. 281-284 °C; FT-IR (KBr, cm™) v 3470, 3300, 1700; *H NMR (90 MHz, DMSO-ds) o1 =
7.12 (m, 5H), 11.02 (s, 1H), 11.72 (s, 1H); *C NMR(100 MHz, DMSO-ds) dc= 110.77, 120.15,
122.16, 130.32, 130.92, 141.44, 154.95, 162.66.

(%) Ji-8- 3T s 5P Y] [D-¥ ] gicns!
s Jols VY ol b Cslis B (o Sooko 30 S 5 0y

M.p. 281-284 °C; FT-IR (KBr, cm) v 3500, 3300, 1687; *H NMR (90 MHz, DMSO-ds) ok = 7-
8 (M, 6H), 10 (s, 1H) , 11.73 (s, 1H), *C NMR(100 MHz, DMSO-0s) dc= 123.17, 125.90, 127.99,
128.16, 128,52, 130.04, 133.54, 135.43, 136.87, 142.79, 155.40, 156.15.

(@) J-¥- 05T 5[FY V] [6-1+8] g 5L
i ol VA el b el £ olog e 45 oS 5 o
M.p. 229-231 °C; FT-IR (KBr, cm™) v 3464, 3200, 1688; *H NMR (90 MHz, DMSO-ds) 611 =
7.7AY—(m, 9H) and 14 (s, 1H); Anal. Calcd for CsHoNzO (%): C 72.87, H 3.67, N 16.99; Found
(%): C 72.54, H3.19, N 17.12.
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M.p. 216-218 °C; FT-IR (KBr, cm) v 3466, 3200, 1688; *H NMR (90 MHz, DMSO-ds) d1= 6
(s, 2H),7.4(s,1H), 10.3 (s, 1H).

(V) J-¥— 5T i-F Y- sl go-5 b
Al Jol A el b el £ loy Sae o S 5 ol

M.p. 219-220 °C; FT-IR (KBr, cm) v 3472, 3276, 1685; *H NMR (90 MHz, DMSO-ds) d1=
2.24Y,% (m, 6H), 7.4 (m, 4H), 9.00 (s, 1H) and 10.22 (s, 1H); ©*C NMR (100 MHz, DMSO-ds)
dc=10.39, 10.7, 23.65, 129.65, 145.52, 148.92; Anal. Calcd for C;Hi3NzO (%): C 54.89, H 7.24,
N 27.43; Found (%): C 54.00, H 8.53, N 26.45.

(M) oawi-(HOY - JguisI[D-5 8] ou 316 5[ Y I]-HY
A Jols VY el b el F ey e 3 S 5 o]

M.p. 254-257 °C; FT-IR (KBr, cm?) v 3395; *H NMR (90 MHz, DMSO-ds) 51= 8 (m, 4H), 11.5
(s, 1H) and 12.7 (s, 1H); **C NMR (100 MHz, DMSO-ds) dc= 107.89, 116.8, 117.82, 119.24,
126.12, 139.28, 159.58, 175.74; Anal. Calcd for CoHgN4S (%): C 53.45, H 2.99, N 27.70, S 15.86;
Found (%): C 53.10, H 3.2, N 27.53, S 16.17.

Q) gged=(HN-¥- 01316 5[P.Y ] [e-1-8] g i
s Joolo TAP plasily b el P (o St 53 S 5 0

M.p. 218-222 °C; FT-IR (KBr, cm™) v 3391; *H NMR (90 MHz, DMSO-ds) 4= 7.5-8.3 (m,
8H) and 13.8 (s, 1H); *C NMR (100 MHz, DMSO-ds) dc= 110.93, 119.87, 120.84, 122.25,
131.14, 131.97, 142, 26, 162.55 and 178.71; Anal. Calcd for C15H9N3S (%): C 68.42, H
3.45, N 15.96, S 12.18; Found (%): C 68.12, H 3.68, N 16.23, S 11.97.

s ol 1Y laail, b el & plog Sto 45 S 5 o
M.p. 212-214 °C; FT-IR (KBr, cm™) v 3421; *H NMR (90 MHz, DMSO-dg) dn= 7.3 (m,
10H) and 15.2 (s, 1H); 3C NMR (100 MHz, DMSO-ds) dc= 126.0, 128.75, 155.97, 157.63,
169.13 and 180.71; Anal. Calcd for C15H11N3S (%): C 67.9, H 4.18, N 15.84, S 12.08;
Found (%): C 68.25, H 4.87, N 15.31, S 11.57.

S 5 o
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