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Scheme 3 Reaction mechanism of 1,5-2H-diimidazo[4,5-b:4’,5'-e] pyridine
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thio-2,4,6,7,9,11,12,14-octaaza-tricyclo[ 8.4.0.0%° ] tetra-

decane
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Table 1

Thermodynamic properties of two N-heterocyclic nitramine precursors at different temperatures

1,5-2H-diimidazo[ 4,5-b:4’,5'-e ] pyridine

2,9-dialdehyde-5,13-dithio-2,4,6,7,9,11,12,14-octaaza-
tricyclo[ 8.4.0.0°-% ] tetradecane

T Chom s H® Chom S8 H®

/K /) - mol™" - K™ /) - mol™ - K™ /k) + mol™ /) mol™ - K™ /) - mol™ - K™ /k) = mol ™

200.0 97.91 318.32 11.31 213.75 476.55 24.47

298.1 141.60 362.16 22.53 287.27 567.00 48.00

300.0 148.42 367.61 23.63 298.70 579.41 50.12

400.0 194.05 416.75 40.81 376.33 676.24 83.94

500.0 231.11 464.19 62.13 441.17 767.44 124.91

600.0 260.01 509.00 86.74 492.98 852.63 171.70

700.0 282.53 550.84 113.90 534.25 931.85 223.11

800.0 300.33 589.77 143.06 567.56 1005.44 278.23
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Synthesis and Thermodynamic Properties of Two N-heterocyclic Nitramine Precursors

ZHAO Guo-zheng', LU Ming’
(1. School of Chemistry and Material Science, Shanxi Normal University, Linfen 041004, China; 2. School of Chemical Engineering , Nanjing University of
Science & Technology, Nanjing 210094, China)

Abstract: Using 2,3,5,6-tetraamineopyridine hydrochloride and triethoxy methane as starting materials, N-heterocyclic nitramine
precursor 1,5-2H-diimidazo [4,5-b:4",5’-e] pyridine was prepared by condensation reactions. The optimum molar ratio of trie-
thoxy methane/2,3,5,6-tetraamineopyridine hydrochloride was indentified to be 4.5. The yield was 56.5%. 2,9-Dialdehyde-5,13-
dithio-2,4,6,7,9,11,12, 14-octaaza-tricyclo[ 8.4.0.0>" J tetradecane was synthesized using thiosemicarbazide and 1,4-diformyl-
2,3,5, 6-tetrahydroxylpiperazine as raw materials. The optimum molar ratio of thiosemicarbazide/1,4-diformyl-2,3,5, 6-tetra-
hydroxylpiperazine was indentified to be 2.2. The yield was 46.0%. Their structures were characterized by '"H NMR, IR, MS and
elemental analyses. The geometry optimization and frequency vibration analysis of two N-heterocyclic nitramine precursors were
performed by density functional theory DFT-B3LYP/6-311+G(d) method. Thermodynamic properties of two precursors in the tem-
perature range of 200 K to 800 K were investigated. Results show that the constant pressure molar capacity, standard molar entropy
and standard molar enthalpy of two N-heterocyclic nitramine precursors increase with the increase of temperature.

Keywords: N-heterocyclic; nitramine precursor; synthesis; thermodynamic property
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