We have a continuing effort in the synthesis of nitro-substituted heteroaromatics as explosives for deep oil well mining and rock blasting.  The properties of an explosive which make it most attractive for deep oil mining include high thermal stability (m.p. > 300 oC) and resistance to ignition from insult by impact, friction or shock.1 Examples of reported high-temperature stable explosives used in deep oil mining include N,N’-bis(2,4,6-trinitrophenyl)-2,6-diamino-3,5-dinitropyridine ( PYX)2,3, 2,4,8,10-tetranitro-dibenzo-1,3a,4,6a-tetraazapentalene (TACOT)4, and 1,3,5-triamino-2,4,6-trinitrobenzene (TATB)5 with decomposition points of 460, 381 and 370, oC, respectively.  Recently Boren and Zhiyua6 reported the synthesis of N,N’-bis(2-nitrobenzodifuroxanyl)-2,6-diamino-3,5-dinitropyridine (2), with a structure analogous to PYX, that has good thermal stability and higher power than PYX.  (Fig. 1)  Previously we reported the synthesis of 2,6-diamino-3,5-dinitropyrazine-1-oxide7 (1), an energetic material that is relatively insensitive to shock and impact with a decomposition point of 354 oC.   An intermediate in the synthesis of 1 was 2-chloro-6-methoxy-3,5-dinitropyrazine (3) which we envisioned as a starting material for the synthesis of a series of pyrazine derivatives with analogous structures to PYX and 2.  Some representative examples are shown in Fig 2.   
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Figure 1.  Known thermally stable energetic materials.

Recently Landini and coworkers8 reported that diarylamines may be synthesized by reacting aniline with p-chloronitrobenzene in DMSO in the presence of NaH.  Working under the premise that 2-chloropyridine is approximately equivalent to p-chloronitrobenzene in reactivity to nucleophiles we reacted aniline, 3-chloroaniline and 3,5-dichloroaniline with 2,6-dichloropyridine in DMSO in the presence of NaH to yield the corresponding 2-N-phenyl-2-amino-6-chloropyridines in good yields.  We envision these compounds as precursors to a series of N,N’-unsymmetrically-substituted- 2,6-diamino-3,5-dinitropyridines with structures similar to PYX and 2.  (Fig. 2) 
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Figure 2.  Representative 3,5-dinitropyrazine- and 3,5-dinitropyridine-based target molecules

The starting material for the synthesis of N-phenyl-2,6-diamino-3,5-dinitropyrazines, 2-methoxy-6-chloro-3,5-dinitropyrazine (3), was synthesized using a slight modification of the procedure developed by Cheeseman and Goodwin9 that involves reacting 2,6-dichloropyrazine with sodium methoxide in MeOH to give 2-chloro-6-methoxypyrazine in 95% yield followed by nitration with 98% nitric acid in 20% oleum at 75 oC to yield 3 in 51% yield10.  The synthesis of a series of N-phenyl-2,6-diamino-3,5-dinitropyrazines was based on the observation that when compound 3 is reacted with aniline, 3-chloroaniline, or 3,5-dichloroaniline in stoichiometric amounts in refluxing acetonitrile in the presence of NaHCO3 only the chlorine group is displaced to yield the corresponding N-phenyl-2-amino-6-methoxy-3,5-dinitropyrazines (4a-c) in good yields (Fig. 3). 

Figure 3.  Synthesis of N-phenyl-2-amino-6-methoxy-3,5-dinitropyrazines[image: image3..pict] (5a-c) from 3.

Treatment of 4a-c with 28% NH4OH in refluxing CH3CN yielded the corresponding N-phenyl-2,6-diamino-3,5-dinitropyrazine (5 a-c).  Compound 5a was obtained in 70% yield as brilliant red-orange cubes while both 5b and 5c were obtained in 80% yield as yellow plates.  Zelenin and coworkers have noted that a mixture of TFA/98% HNO3 was a good nitrating agent for heterocyclic compounds.  Indeed compound 4a may be nitrated with a mixture of TFA/70% HNO3 at 25 oC to give N-(2,4-dinitrophenyl)-2,6-diamino-3,5-dinitropyrazine (6a) in good yields. Attempts to further nitrate 4a to N-(2,4,6-trinitrophenyl)-2,6-diamino-3,5-dinitropyrazine (7) with several nitrating mixtures including H2SO4/ 98% HNO3, 20% oleum/ 98% HNO3, TFA/ 98% HNO3 at 65 oC, and TFMSA/ 98 % HNO3 yielded only water soluble products upon quenching the reaction mixture with excess ice water.  Further studies on the nitration of 4a and 6a are planned, including using neutral nitrating reagents such as NO2BF4 in sulfolane.
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Figure 4.  Nitration of 5a-c with TFA/ HNO3. 

Because of the difficulties in obtaining 7a by the method described above we decided to investigate an alternative synthesis in which compound 5a was nitrated with a 98% HNO3/ 20% oleum mixture at 50 oC for 6h to yield N-(2,4,6-trinitrophenyl)-2-amino-6-methoxy-3,5-dinitropyrazine (8a) in 55% yield.  When 8a was reacted with 28% NH4OH in CH3CN a mixture of products resulted that was not easily separated and no desired product was isolated.  We reasoned that the aqueous NH4OH solution may be hydrolyzing 8a so a non-aqueous ammonolysis procedure was investigated.  Compound 8a was reacted with ammonia in toluene at room temperature in a pressure tube to give 7a in 70% yield as a red-orange powder that may be recrystallized from acetone to give brilliant red-orange plates. The investigation of the conversion of 4b-c to 7b-c using the procedure outlined in Scheme 3 is currently in progress and will be reported in this paper if completed.  Whether this procedure is mild enough to displace the methoxyl on the pyrazine ring without affecting the chloro- groups on the trinitrophenyl-substituent remains to be seen. 
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Figure 5.  Synthesis of 7a from 4a.


We also found that the symmetrically substituted N,N’-diphenyl-2,6-diamino-3,5-dinitropyrazine, N,N’-bis(3-chlorophenyl)-2,6-diamino-3,5-dinitropyrazine, and N,N’-bis(3,5-dichlorophenyl)-2,6-diamino-3,5-dinitropyrazine can be synthesized by reacting 4a-c with an excess of aniline, 3-chloroaniline or 3,5-dichloroaniline in NMP at 100 oC, 

[image: image6..pict]Figure 6.  Synthesis of symmetrical N,N’-diaryl-2,6-diamino-3,5-dinitropyrazines

respectively (Fig. 6).   We also envision the N,N’-unsymmetrically-substituted-2,6-diamino-3,5-dinitropyrazine, can be synthesized by reacting aniline, 3-chloroaniline, and 3,5-dichloroaniline with 4 a-c in NMP at elevated temperatures. 
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Figure 7.  Synthesis of N-trinitroaryl-2-amino-6-chloro-3,5-dinitropyridines from 2,6-dichloropyridine

Recently Landini and coworkers8 reported that p-chloronitrobenzene may be reacted with aniline in DMSO in the presence of NaH to give diarylamines in good yields.  We found that when 2,6-dichloropyrazine was reacted with aniline, 3-chloroaniline, or 3,5-dichloroaniline in DMSO in the presence of NaH the corresponding N-phenyl-2-amino-6-chloropyridines (10a-c) were produced (Fig. 7).  These were nitrated with 98% HNO3 at 50 oC to give the corresponding, e.g., N-(2,4,6-trinitrophenyl)-2-amino-6-chloro-3,5-dinitropyridine(11a), N-(3-chloro-2,4,6-trinitrophenyl)-2-amino-6-chloro-3,5-dinitropyridine (11b), or N-(3,5-dichloro-2,4,6-trinitrophenyl)-2-amino-6-chloro-3,5-dinitropyridine (11c).  The nitration of the pyridine ring activated the 6-chloro group on the pyridine ring to displacement with aniline, 3-chlroaniline or 3,5-dichloroaniline in NMP at 100 oC to give the corresponding N-(2,4,6-trinitrophenyl)-N’-phenyl-2,6-diamino-3,5-dinitropyridine (12a), N-(2,4,6-trinitrophenyl)-N’-(3-chlorophenyl)-2,6-diamino-3,5-dinitropyridine (12b), N-(2,4,6-trinitrophenyl)-N’-(3,5-dichlorophenyl)-2,6-diamino-3,5-dinitropyridine (12c).  In the near future these will be nitrated to the corresponding N, N’-unsymmetrically-substituted (2,4,6-trinitrophenyl)-2,6-diamino-3,5-dinitropyridines.   The chloro- groups will be converted to azides or amines and the azides will be thermally converted to furoxans.

[image: image8..pict]Fig. 8. Synthesis of N-(2,4,6-trinitrophenyl)-N’-aryl-2,6-diamino-3,5-dinitropyridines from 11a-c.     
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