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Abstract: A series of novel 5-sulfoxide-substituted pyrazolo[5,1-d][1,2,3,5]tetrazin-4(3H)ones 
4a-j were designed and efficiently synthesized via a diazotization of 5-amine-3-methylsulfinyl- 
1H-pyrazole, followed by cycloaddition with aryl isocyanate.  A possible reaction mechanism is 
outlined and discussed.  These new compounds exhibit some biological activity as preliminary 
bioassay indicated.  Their structures were confirmed with 1H NMR, IR and elemental analysis. 
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Heterocyclic nitrogen compounds and their fused analogs represent an important class of 
heterocyclic compounds.  They exist in numerous natural products1, displaying wide 
range of biological and pharmaceutical activities2-4, and have been attracted considerable 
attention. For example, indolo[1,2-c]benzo[1,2,3]triazines exhibit antitumor and 
antimicrobial activity5.  Some of nitrogen heterocycles are also important chiral ligands 
or catalysts and can be used efficiently in asymmetric reactions6.  They are also widely 
used in textiles as dyes, daylight fluorescent pigments, and laser dyes due to their 
excellent color characteristics and high photostability7.  Considering the sulfoxide 
nucleus is a key unit distributed in the plant kingdom8 and plays an important role in 
many pharmacologically active compounds9, in heterocyclic nitrogen compounds to 
introduce sulfoxide moiety may improve their acitivities10.  Herein, we report our 
strategy to design and synthesize sulfoxide-substituted pyrazolo[5,1-d][1,2,3,5]tetrazin- 
4(3H)ones 4a-j (Scheme 1). 

5-Amino-4-ethoxycarbonyl-3-methylsulfinyl-1H-pyrazole 2 was easily prepared 
according to the reported method 11.  The diazotization of compound 2 using nitrous 
acid at –10 °C followed by neutralization with saturated aqueous sodium carbonate gave 
5-diazo-4-ethoxycarbonyl-3-methylsulfinyl-1H-pyrazole 3.  3-Aryl-8-ethoxycarbonyl- 
7-methylsulfinyl-pyrazolo[5,1-d] [1,2,3,5]tetrazin-4(3H)ones 4a-j were obtained by the 
cycloaddition of compound 3 with aryl isocyanates in anhydrous CH2Cl2 at room 
temperature in high yield. 
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Scheme 1  Synthetic route of the title compounds 4 
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Reaction conditions: a. AcOH, H2O2, 40-0 °C; b. (1) NaNO2, HCl, -10 °C; (2) Na2CO3; c. ArNCO, 
CH2Cl2.  Ar: 4a = 4-FC6H4; 4b = 2-FC6H4; 4c = 3-ClC6H4; 4d = 4-ClC6H4; 4e = 2,4-Cl2C6H3; 4f = 
4-CNC6H4; 4g = 4-NO2C6H4; 4h = 2-NO2C6H4; 4i = 2-CF3C6H4; 4j = 4-EtO2CC6H4. 
 

Table 1  Synthesis of compounds 4 via cycloaddition of compound 3 with aryl isocyanates 
 

entry Ar Reaction time(d) 4 m.p. (°C) yield (%) 
1 4-FC6H4 6 4a 177-178 83 
2 2-FC6H4 7 4b 172-173 78 
3 3-ClC6H4 5 4c 164-165 87 
4 4-ClC6H4 4 4d 174-175 91 
5 2,4-Cl2C6H3 2 4e 165-166 90 
6 4-CNC6H4 0.5 4f 151-152 95 
7 4-NO2C6H4 0.5 4g 158-159 93 
8 2-NO2C6H4 1 4h 154-155 91 
9 2-CF3C6H4 1 4i 170-171 97 
10 4-EtO2CC6H4 0.5 4j 157-158 98 
11 4-MeO 10   0 

 
Various aryl isocyanates were investigated the scope and limitation of this 

cycloaddition.  As Table 1 indicated, the yields were good when aryl isocyanates 
bearing weak electron-drawing groups such as halogen (entry 1-5), and the products 
were purified by recrystallization from dichloromethane/diethyl ether; if the aryl 
isocyanates bearing strong electron-drawing groups such as ethoxycarboryl, nitro, cyano, 
etc, the yields were further raised(entry 6-10).  The products were recrystallized from 
DMSO/ethanol; when the aryl isocyanates bearing electron-donating groups such as 
methoxy (entry 11), no any cycloaddition product could be obtained. 

A possible reaction mechanism is outlined in Scheme 2 according to the published 
paper12.  The cycloaddition of 5-diazo-4-ethoxycarboryl-3-methylsulfinyl-1H-pyrazole 
3 to the electron deficient C=N double bond of various aryl isocyanates can be 
understood as a [7+2] cycloaddition, which consists two mechanisms (i) ring nitrogen 
acylation from 1,9-dipole followed by intramolecular coupling, (ii) [3+2] cycloaddition 
of compound 3 to the aryl isocyanates with subsequent [1,5] shift.  

Since the cycloaddition is easy to complement when using aryl isocyanates bearing 
strong electron-drawing groups indicated by Table 1, the route (ii) should be the major 
mechanism because aryl isocyanate bearing strong electron-drawing group is 
disadvantage for nucleophilic attack. 
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Scheme 2  Proposed mechanism of the cycloaddition 
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Table 2  Bioassay test of compounds 4a-e against rape 
 

Compound 4a 4b 4c 4d 4e Atriazine 
Activity (%) 70.0 66.7 60.6 61.3 68.6 100 

 
Compounds 4a-e were selected for testing against rape in vivo at 200 ppm. Their 

biological activity was indicated in Table 2. Further bioassay test and structural 
modification as well as synthetic applications of this new strategy are in progress in our 
laboratory. 
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