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SUMMARY OF RESEARCH FINDINGS 

Four major experimental areas (shown as 1-4 below) were outlined in our proposal entitled "Preparation and 
Studies of Urazole-Containing Polymers". Summaries of our findings in each area is shown below. 

(1) Determinations of Acidity Constants for Substituted Urazoles and Their Conjugate 
Bases, and Studies of the Kinetics of the Reactions of Urazole Anions with Relevant 
Monomers 

Publications A, B, C, D, and E listed on the previous page outline the tanglible results of our efforts in this 
area. 

(2) Synthesis of Urazole-Containing Monomers, Model Reactions, and Polymers 

(a) Urazole-Containing Monomers and Model Reactions 

Publication F listed on the previous page outlines some of the urazole-related monomer syntheses work. 

In unpublished work, Equations 1-3 describe the preparation of additional urazole monomers or urazole 
polymer model compounds 
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The reactions depicted in equations 1 and 2 were carried out in the presence of pyridine; the product structures 
were confirmed by their ^H NMR spectra. The pyridine hydrochloride formed in these reactions was 
removed by washing the crude solid product with water. The hydrogenation in equation 3 was carried out in 
the presence of Pd/C as a catalyst. 



(b) Urazole-Containing Polymers 

Equations 4-8 describe the unpublished preparations of urazole-containing polymers 1-5: 

(i)  Polyurazole-ketones 
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Successful preparation of polyurazole-ketones 1-3 is highly sensitive to the base chosen for the reaction. The 



polymerizations depicted in equations 1 and 2 proceeded efficiently when performed when an excess amount 
of base (i.e. pyridine or triethyl amine) were present This is likely due to the fact that basic conditions are 
likely to enhance not only the nucleophilicity of neutral urazole monomers but also the reactivity of the chosen 
acid chloride. 

Polymer 4 is an example of a new class of urazole-containing epoxy resin. The reaction depicted in eq 7 was 
carried out in the presence of sodium hydroxide, at 100°C. During the addition of the aqueous sodium 
hydroxide, the reaction mixture was stirred vigorously. When the reaction was complete, a taffy-like material 
rose to the top of the reaction mixture. The resinous material was washed with hot water and heated at 100°C 
to remove water. 

Polymer 5 is an example of a polyimide. The reaction depicted in eq 8 was found to proceed smoothly under 
relatively mild conditions, using N,N-dimethylacetamide as solvent. 

•Evaluation of Urazole-Containing Polymers 

Polymers 1-3 are insoluble in chlorinated organic solvents such as chloroform and methylene chloride. They 
are sparingly soluble in DMSO, which enabled their NMR evaluation in DMSO-dg. We have been unable to 
collect precise molecular weight analyses for 1-3. Polymers 1 and 2, when prepared in toluene with pyridine 
used as a base, were shown to have T„'s at about 260°C. No reliable DSC data were obtained for polymers 4 
or 5. 

•Studies of Possible Crosslinking Reactions of Polymers that Contain Urazoles 

All attempts to "thermoset" urazole-containing thermoplastics 1-3 and 5 were unsuccessful. 


