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INTRODUCTION 

Nitramines are important energetic materials with many ordnance 

applications. Among the most energetic materials used in explosive and 

propellant formulations which are currently in production are 1,3,5,7- 

Tetranitro-1,3,5,7-tetraazacyclooctane (HMX) and 1,3,5-trinitro-l ,3,5- 

triazacyclohexane (RDX). New synthetic techniques which make the 

preparation of new energetic nitramine compounds possible in high yield 

and in high purity are extremely desirable. We are concerned with the 

development of a new process that realizes these two goals and also 

makes possible the preparation of many new polynitramino compounds that 

may have utility as explosives, propellant ingredients, gas générants, 

and other ordnance applications. 

Most synthetic techniques that are currently employed to prepare 

nitramines involve the cleavage of a protective group from a suitable 

precursor. This heterolysis reaction, the critical step in nitramine 

synthesis, most often makes use of mixed acid solutions (various mix¬ 

tures of sulfuric, acetic, and acetic anhydride, with nitric acid). HMX 

and RDX are both prepared from a common precursor, hexamine, and serve 

to illustrate this feature of nitramine synthesis. Hexamine can be 

1,3 ,5-Hexahydrotriazine 

looked upon as a protected 1,3,5-triazacyclohexane. This latter com¬ 

pound is unknown. Attempts to prepare it from formaldehyde and ammonia 

under a variety of conditions always lead to aqueous solutions of hexa¬ 

mine (Reference 1). Under specific conditions, hexamine can be 

converted in good yields to RDX and/or HMX. For example, the Bachmann 

process involves the conversion of hexamine to RDX (Reference 2) with a 

yield of 70-73%. The RDX obtained in this fashion is contaminated with 

HMX. By suitable adjustment of reaction conditions, RDX of sufficient 

purity for use in ordnance can be obtained. 

3 



1,3,5,7-Tetranitro-l,3,5,7-tetraazacyclooctane is also obtained 

from hexamine via one of two intermediates (Reference 3). Treatment of 

DART 

I 

Ac—N N — Ac 

I 
TAT 

hexamine with acetic anhydride/water generates 3,7-diacetyl-l,3,5,7- 

tetraazabicyclo-[3 .3.1]nonane ( DAFT). 3,7-Diacetyl-l ,3,5,7-tetraaza- 

bicyclo-[3.3.1]nonane reacts with mixed acid to give l,5-diacetyl-3,7- 

dinitro-1,3,5,7-tetraazacyclooctane (DADN), or with acetic anhydride/ 

acetyl chloride to give 1,3,5,7-tetraacetyl-l ,3,5 ,7-tetraazacyclooctane 

(TAT). Both DADN and TAT are converted in high yield and in high purity 

to HMX upon nitrolysis with nitric acid/phosphoric acid. 

1,3,5-Trinitro-l,3,5-triazacyclohexane prepared by the Bachmann 

process always contains some HMX impurity. Pure RDX can be prepared 

from 1,3,5-trinitroso-l,3,5-triazacyclohexane (R-salt) (Reference 1). 

Treatment of R-salt with mixed acid yields pure RDX in >95% yield 

(Reference 4). 

Paraformaldehyde 

OoN 

R-Salt RDX 

Similarly, amines protected by alkyl groups such as tert-butyi, 

isopropyl, or methyl can be nitrolyzed to yield nitramines (Refer¬ 

ence 5). For example, the protected amine compound, 1-tert-butyl- 

3,3,5,5-tetranitropiperidine (TBP) can be converted to the corresponding 

nitro compound upon treatment with 100% nitric acid with 96% yield. 
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A recent report by Barrar and Pearson described the efficient elec¬ 

trochemical preparation of solutions of N2U5 in 100% nitric acid (Refer¬ 
ence 6). Barrar and Pearson also reported that solutions of N2O5 in 
nitric acid prepared by this method were very efficient in conversions 

of TAT to give pure BMX in >85% yield. These results suggested to us 

that this reagent might be usable for the nitrolysis of other protected 

nitramino precursors as well. 

RESULTS AND DISCUSSION 

Recently the preparation of trans-1 ,4 ,5 ,8-tetranitro-],4 t5,8-tetra- 
azadecalin (TNAD) was reported (Reference 7). This new energetic 

nitramine, prepared from trans-1 ,4,5,8-tetraazadecalin, has very good 

calculated detonation properties. The measured and calculated proper¬ 

ties are given in Table 1. 

TABLE 1. Physical and Chemical Properties of TNAD.a 

Property Calculated Measured 

Density (g/cc) 

Detonation velocity (mm/ps) 

Detonation pressure (kbar) 

Impact sensitivity (cm, 2.5 kg) 

Melting point (°C) 

Heat of formation (kcal/mol) 

1 .77 

8.36 

310 

1.80 

• • • 

35 

232-234 

+17 .5 

a (Reference 8) 

The synthesis of TNAD is shown in Scheme 1. Reaction of glyoxal 

with ethylene diamine gives trans-1,4,5,8-tetraazadecalin (TAD) in 85% 

yield. TAD cannot be nitrated directly, but must be converted to a 

precursor that can be readily nitrolyzed to the desired tetranitro 

derivative (Reference 9). Nitrosation of TAD with sodium nitrite in 1 N 

HC1 results in the formation of 1 ,4 ,5 ,8-tetranitroso-l ,4 ,5,8-tetraaza¬ 
decalin in 91% yield. Nitrolysis of the tetranitrosodecalin precursor 

5 
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Scheme 1 

1. Nitrosation 

2. Nitration 
100% hno3 

no2 no2 

TNAD 

in 100% nitric acid gives a 90% yield of trans-8-nitroso-l,4,3- 

trinitro-1 ,4,5,8-tetraazadecalin. A second nitrolysis in 100% nitric 

acid is required to convert the mixed nitroso-nitrodecalin into the 

desired TNAD. This second nitrolysis proceeds in moderate yield (68%). 

Attempts to scale-up the nitrolysis procedures for the formation of TNAD 

from the tetranitroso precursor failed because of thermal decomposition 

of starting material and the formation of intermediates during the 

nitrolysis. Therefore, if sufficient quantities were to be synthesized 

for further characterization and testing, an alternate synthesis of this 

interesting energetic nitramine would be required. 

Treatment of TAD under a variety of conditions with acetic 

anhydride has been reported to give mixtures of cis- and trans-1,4,5,8- 

tetraaza-1,4,5,8-tetraacetyldecalins (Reference 1U). In our hands, 

reaction of TAD with acetic anhydride in carbon tetrachloride, methylene 

chloride, or chloroform gave no acetyl derivatives, but resulted in the 

recovery of starting material. Similarly, treatment of TAD with acetyl 

chloride neat or in solution again resulted in the recovery of starting 

material. Reaction of TAD with acetic anhydride using the procedure of 

Baganz resulted in the formation of a 3:1 ratio of cis- to trans-TNAD 

(Reference 11). The separation of the cis and trans isomers was 

achieved by fractional crystallization from methanol and pure samples of 

each isomer had spectra identical to those reported by Fuchs (Refer¬ 

ence 10) (Scheme 2). 

6 



CPU" 

NWC TP 6739 

Scheme 2 

AcoO 
TAD.-. 

TAT 

cis = 75% 

trans = 25% 

Ac Ac 

Ac Ac 

trans TAD 

Ac Ac 

Ac Ac 

cis TAD 

Similarly, reaction of TAD with excess neat formylacetate gave 

trans-1,4,5 ,8-tetraformyl-l ,4,5,8-tetraazadecalin (Scheme 3). 

Scheme 3 

Under conditions which were similar to the successful nitrolysis of 

TAT as reported by Harrar and Pearson (Reference 6), the 3:1 mixture of 
cis- and trans-1,4 ,5 ,8-tetraacetyl-l,4,5,8-tetraazadecalin obtained from 
treatment of TAD with acetic anhydride was treated with a 24.5% N2O5 
solution. Upon quenching the reaction over crushed ice, only a trace 

amount of product was isolated. Changes in the ratio of starting mate¬ 

rial to N2O5 (4:1 stoichiometric ratio) did not improve the yield. 

Evidently, the starting material, which is predominately the cis isomer, 

and/or the partially nitrolyzed products undergo hydrolysis under the 

reaction conditions. Likewise, the reaction of the model compound 

7 
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1 ,3-diacetyl-l,3-diazacyclopentane with N2Ü5 under a variety of condi¬ 

tions resulted in complete hydrolysis of the starting material. 

Reaction of trans-1,4,5,8-tetraformyl-l ,4,5,8-tetraazadecalin with 
N2O5 resulted in the production of a complex mixture of products from 

which no pure materials could be isolated. 

Trans-1,4,5,8-tetraacetyl-l,4,5,8-tetraazadecalin however, upon 

treatment with N2O5 (8:1 stoichiometry, -10°C) gave a 42% yield of the 

desired TNAD. Apparently, the rate of hydrolysis of the trans tetra- 

acetyl decalin is much less than that of the cis isomer, thus allowing 

for the desired nitrolysis to occur. In view of the difficulties in 

obtaining the appropriate trans isomer, the reaction of this isomer with 

N2O5 was not optimized. 

Nitrolysis of nitroso protected amines utilizing 100% nitric acid 

or nitric acid in mixed acid media has proven effective for the prepara¬ 

tion of nitramines. In order to test the efficiency of N2Ü5 as a 

nitrolysis reagent for nitrosamines, two model compounds were examined. 

The readily available 1,3-dinitroso-l,3-diazacyclopentane and cyclo¬ 

hexane were subjected to nitrolysis (Reference 12). 

NO 

NO 

Reaction of the dinitrosocyclopentane with N2O5 resulted in the 

clean conversion to the desired dinitramine in 75-85% yield. Attempted 

nitrolysis of the compound using 100% nitric acid results in the forma¬ 

tion of l-nitroso-3-nitro-l,3-diazacyclopentane. Under more stringent 

reaction conditions (higher reaction temperatures and excess N2O5), the 

starting material decomposes, and none of the desired dinitramines can 

be isolated. 

Treatment of the dinitrosocyclohexane with N2O5/HNO3 resulted in 

the production of a mixture of the dinitramine and the intermediate 

l-nitroso-3-nitro-l,3-diazacyclohexane. 

Reaction of 1 ,4 ,5 ,8-tetranitroso-l,4,5,8-tetraazadecalin with N2O5 
under a variety of conditions gave in excellent yields the desired 

TNAD. The reaction was successfully scaled up to 25 g batches and 

routinely resulted in yields of TNAD in excess of 95%. 
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Because N2O5 in nitric acid proved to be a useful reagent in the 

synthesis of TNAD, we decided to investigate the utility of this mate¬ 

rial with other systems. As previously stated, R-salt can be nitrolyzed 

to RDX with 100% nitric acid. When R-salt was treated with a 25% solu¬ 
tion of N2O5 in nitric acid, RDX was fonned albeit in much lower 

yields. Similar results were found with the attempted nitrolysis of 

3 ,7-dinitroso-l,3,5,7-tetraazabicyclo[3.3.1 ] nonane (DNPT). The reaction 

is extremely vigorous and exothermic with generation of copious amounts 

of N0X. If care was not taken when mixing the reagents, small fires 

and explosions occurred even though the reactions were run under CCI4. 

Varying the amounts of N2O5/HNO3 and decreasing the temperature did not 

improve the yields. In this example, the N2O5/HNO3 reagent is such a 

powerful nitrating agent that it probably causes decomposition of the 

starting material or of the intennediate. This is an indication of the 

increased reactivity of N2O5/HNO3 as a nitrolysis/nitration agent as 

compared to 100% nitric acid. 

ON NO 

DNPT 

The nitrolysis reaction of N2O5/HNO3 and hexamine was examined. As 

stated in the introduction, hexamine is converted commercially to RDX 

via the Bachmann process in a number of steps and always contains sig¬ 

nificant amounts of HMX as a contaminant. In our examination, when 

hexamine was treated with N2O5/HNO3, pure RDX (57% yield) was isolated. 
The important features of this reaction are the formation of a product 

free of HMX and, in contrast to the Bachmann process, RDX is formed in 

only one step from hexamine. A proposed possible mechanism for this 

transformation is shown in Scheme 4. Dinitrogen pentoxide ionizes in 

nitric acid to NÜ2+ and NO3- (Reference 13). The electrophilic nitro- 

nium ion then N-nitrates forming an electron deficient quaternary 

amine. Nucleophilic attack by nitrate on an adjacent methylene forms 

the first nitramine. Repeating this process eventually gives RDX. 

Attempts to follow the reaction by proton nuclear magnetic resonance 

(NMR) failed as the conversion of hexamine to RDX is essentially instan¬ 

taneous on an NMR time scale. 

We next decided to investigate the utility of dinitrogen pentoxide 

in inert solvents. In contrast to Ionizing to nitronium and nitrate 

ions as seen in nitric acid, N2O5 in nonpolar solvents remains as the 

salt N02+N03~ (Reference 14). Because N2O5 in nitric acid was too harsh 

a reagent for the nitrolysis of R-salt, it was believed that N2O5 in 

dichloromethane may produce high yields of RDX. Much to our dismay 

9 
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however, the reactivity decreased too much. All nitrolysis attempts 

using an inert, nonpolar, aprotic solvent failed. Only starting 

material was recovered. If prolonged reaction times and elevated 

temperatures were used, a decomposition of R-salt was seen. These 

decomposition products were complex in the proton NMR and could not be 

identified. Because N2O5 in nonpolar, aprotic solvents has been shown 

to possess weak diradical character (Reference 15), we believe this 

decomposition process to be a free radical induced process. 

Scheme 4 
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Because N2O5 in nitric acid was too reactive as a solvent, and too 

unreactive in dichloromethane, we feit it worthwhiie to investigate the 

effect of mild acid catalysis in dichloromethane. When p-toluene- 

sulphonic acid (p-TSA) was used catalytically with ten equivalents of 

N2O5, a small amount of RDX was formed along with a large amount of 

unidentified side products. Due to the significant amount of decomposi¬ 

tion still occurring, acid catalysis with R-salt was not examined 

further. 

The nitrolysis of 1,4-dinitrosopiperazine was also investigated 

with N2O5 in inert solvents. The solvents studied were dichloromethane. 

NO N02 

acetonitrile, dioxane, and dichloroethane. Using a variety of different 

reaction times, temperatures, and amounts of reagents, no nitrolysis 

occurred. Once again, we decided to determine the effects of trace 

amounts of acid. When a catalytic amount of p-TSA was used, no nitroly¬ 

sis was detected. However, a catalytic amount of HC1 did show signs of 

desired reaction in dichloromethane. Proton NMR revealed that a clean 

conversion of dinitrosopiperazine to dinitropiperazine was taking 

place. Even though this result appeared promising, it had to be 

approached with caution. Under proper conditions, N2O5 and anhydrous 
HC1 will react to form NU2CI (Reference 16). Because we used concen¬ 

trated 37% HC1 instead of anhydrous HC1, we felt that NO2CI formation 

N2O5 + HC1 (anhydrous) ^ NO2CI + HNO3 (1) 

would be minimal and the ff*- would be available as a catalyst. This was 

not the situation. When dinitrosopiperazine was treated with N2O5/ 
CH2UI2 and two equivalents of HC1, dinitropiperazine was isolated in 67% 
yield. A large excess of N2O5 simply removed the water and N02C1 formed 
acting as the nitrolysis reagent. p-TSA or HNO3 in catalytic amounts 
with N2O5/CH2CI2 failed to undergo any reaction with dinitrosopipera¬ 

zine. 

When trans-1,4,5 ,8-tetranitroso-l ,4,5 ,8-tetraazadeca.lin was treated 
with N2O5 in the previously mentioned inert solvents, no nitrolysis to 

TNAD was seen. Nitrolysis also failed when 2,4,8,10-tetranitroso- 

2,4,8,10-tetraaza[5.5]undecane was used as the nitrosamine (Refer¬ 

ence 17). Each of these compounds was also treated with N2O5 in 

11 
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dichloromethane and four equivalents of HCl (37% aqueous). The tetra- 

azadecalin decomposed and the splrotetraazaundecane was recovered 

unreacted . 

Next, we turned our attention to the nitrolysis of an electron- 

deficient nitrosamine, 1,4-dinitrosofurazano[3,4-b]piperazine. Reaction 

with 40 equiv. of N2O5 in dichloromethane gave a 68% yield of 1,4- 

dinitrofurazano[3,4-b]piperazine (CL-7.5) (Reference 18). This result 

NO 

I 
-N> 

'N' 

I 
NO 

> 40 eq N2O5 

CH2CI2 

gave some useful insight into the reaction. Because of the strong elec¬ 

tron withdrawing nature of the furazan moiety (Reference 19) , the N-NO 

bond is weak. As mentioned above, N2O5 in organic, nonpolar, aprotic 

solvents may well nitrate/nitrolyze via a free radical mechanism. The 

electron deficient amine nitrogen and nitroso nitrogen can easily sup¬ 

port free radicals upon homolytic bond cleavage. In a nonpolar solvent, 

free radicals would be favored thermodynamically over ion formation. 

This environment, which favors free radicals, would be predicted to give 

a good conversion to CL-7.5 from dinitrosofurazanopiperazine, the result 

found experimentally. We believe that this reaction may find future 

applications in the nitrolysis/nitration of electron-deficient amines 

and nitrosamines. 

Finally, conversion of hexamine to RDX using N2O5 in dichloro¬ 

methane was attempted. Results were disappointing. Employing a variety 

of conditions (time, temperature, and reactant ratios) we were not able 

to effect complete nitrolysis. When the solutions remained neutral, 

only R-salt was formed. This was, initially, an encouraging result 
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because partial nitrolysis had occurred. Unfortunately, as discussed 

previously, the R-salt could not be transformed into RDX. When small 

amounts of acid were added (p-TSA, HC1, HN03) only decomposition 

products were observed. 

CONCLUSION 

We have shown that N2O5 can be useful for the preparation of 

selected nitramines. Depending upon the solvent, the reaction proceeds 

via a free radical or ionic mechanism. It is hoped that these results 

may find future applications in the synthesis of new nitramines. 

EXPERIMENTAL SECTION 

WARNING! The nitrosamines described in this report may be carcino¬ 

genic and should be handled accordingly. The nitramines are high explo¬ 

sives, and the requisite precautions should be exercised when working 

with them. Satisfactory elemental analyses were obtained for all new 

compounds; all previously known compounds were spectrally identical with 

authentic materials prepared by established procedures. Melting points 

were determined in capillary tubes with a Buchi 510 melting point appa¬ 

ratus. Infrared spectra (IR) were recorded as potassium bromide disks 

with a Perkin-Elmer 137, 1330, or a Nicolet 7199 Fourier transform 

instrument. Proton magnetic resonance spectra were recorded with a 

Nicolet WB200 or IBM NR80 instrument. Solutions of N2O5 in 100% nitric 
acid were prepared as described by Marrar and Pearson (Reference 6). 
Concentration of N2O5 was determined by the NMR technique of Happe and 

Whittaker (Reference 20). Analysis of residual N2O4 was performed by 

Laser-Raman analysis (Reference 20). Dinitrogen pentoxide in inert 

solvents was made by mixing ozone and gaseous N2O4 and by trapping the 

N2O5 in a tared glass vessel at -78°C, then dissolving the white solid 

in the appropriate solvent. 

PREPARATION OF TRANS-1,4,5,8-TETRAAZADECALIN (TAD) 

A modification of the method of Fuchs was employed for the synthe¬ 

sis of TAD (Reference 21). Ethylenediamine (120 g; 2 mol) was cooled to 

8°C with stirring, and 40% aqueous glyoxal (72.5 g; 0.5 mol) was slowly 
added (over a period of 2 h) while maintaining the reaction temperature 

below 1U°C. The addition required 2 h. Upon completion of the addi¬ 

tion, the reaction mixture was heated at 80°C for 5 h. The heating bath 

was removed, and the reaction suspension was allowed to slowly cool to 

room temperature (27°C). The suspension was then cooled to -10°C, and 

13 
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the tan precipitate was collected by filtration. The filtrate was 

washed with 200 mL of 93% ethanol chilled to -10°C. The resulting white 

crystalline solid was dried in vacuo to give 57.1 g (0.405 mol; 81% 

yield) of the desired TAD (mp 160 to 200°G with decomposition). This 

material was used without further purification for derivitization. 

PREPARATION OF TRANS-1,4 t5,8-TETRAACETYL-l,4,5,8-TETRAAZADECALIN 

Trans-1,4,5,8-tetraazadecalin (14.2 g; 0.1 mol) was slowly added to 

300 mL of rapidly stirred acetic anhydride over a period of 45 min. The 

temperature was maintained at 22°C by means of an ice bath. Stirring 

was continued at room temperature for 4 h. The majority of the excess 

acetic anhydride was removed at reduced pressure (20 mm/25°C) on a roto- 

evaporator over a 72-h period. The resulting slurry was washed with 

150 mL of acetone to give 14.5 g of crystalline solid. Nuclear magnetic 

resonance analysis proved this material to be predominately the cis 

isomer (3:1 ratio of cis to trans). The mixed product was dissolved in 

100 mL of methanol. Concentration to 50 mL followed by slowly cooling 

to 25°C resulted in the deposition of a small amount of white crystal¬ 

line material. The mother liquors were decanted, and the remaining 

solid was washed with cold methanol giving 1.1 g of white crystalline 

material (mp 287 to 292°C with decomposition). The IR spectrum shows 

the expected carbonyl stretch absorption band at 1650 cm-^. The NMR 

spectrum in DMSO-d^g taken at 70°C shows the expected pattern (A 5.39, 

2 H, broad singlet, trans ring methine protons; 6 3.77, 8 H, broad sing¬ 

let, ring methylene protons; 6 1.90, 12 8, acetyl methyl protons). The 

NMR spectrum is identical to that reported by Fuchs for the trans 

isomer. 

PREPARATION OF TRANS-1,4,5,8-TETRAF0RMYL-l,4,5,8-TETRAAZADECALIN 

Formic acetic anhydride (10 mL) was cooled to 10°C, and trans-TAD 

(1.42 g; 10 mmol) was added in one portion with stirring. The reaction 

temperature rose to 35°C with concomitant deposition of a white precipi¬ 

tate. The resulting suspension was stirred for 45 min while the tem¬ 

perature of the reaction fell to room temperature. The reaction was 

quenched by pouring the suspension onto 70 mL of ice water. The white 

precipitate was filtered, washed with water (3 x 50 mL) and air dried to 

give 1 .54 g of fine white solid which melted with decomposition above 

275°C. The IR spectrum shows the expected strong carbonyl absorption 

band as a doublet at 17 54 and 17 33 cm-*. The N-li absorption bands of 

the starting material are absent. The compound is extremely insoluble. 

An NMR spectrum was obtained of a dilute solution at 110°C in DMSO-dg. 

The spectrum contained the expected three resonance signals in the 

appropriate ratio (6 8.17, S, 4 H, formyl protons; 6 5.53, S, 2 H, 

methine protons; ô 3.77, bs, 8 H, methylene protons). Due to the dilute 

solution, the three resonances were somewhat broad. Based on the chemi¬ 

cal shift of the ring methine protons of 6 5.53, the compound is tenta¬ 

tively assigned the trans stereochemistry. Compare the cis methine 
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chemical shift of ô 5.97 versus 5.33 for that of the trans stereoisomer 

of the closely related tetraacetyl derivatives. Analysis calculated for 

c10h1*4N4°4: c> 46.99; H, 5.59; N, 21.74. Found: C, 47.24; H, 5.55; N, 

22.04. 

PREPARATION OF 1,3-DINITR0S0-l,3-DIAZACYCL0PENTANE ( DNDCP) 

AND 1 ,3-DINITR0S0-l,3-DIAZACYCLOHEXANE (DNDCH) 

1,3-Dinitroso-l,3-diazacyclopentane and 1,3-dinitroso-l ,3-diaza- 

cyclohexane were prepared in 90 and 95% yield as described in Refer¬ 

ence 12 by the reaction of the requisite diamine with formaldehyde and 

by trapping the resulting aminal by nitrosation with MONO. 

PREPARATION OF 1,3,5-TRINITROSO-l,3 ,5-TRIAZACYCLOHEXANE (R-SALT) 

R-Salt was prepared in 29% yield by reaction of paraformaldehyde 

with ammonia and by trapping the incipient hexahydrotriazine by treat¬ 

ment with nitrous acid (Reference 1). 

REACTION OF 1,3-DINITR0S0-l,3-DIAZACYCLOPENTANE WITH N2O5 

1,3-Dinitroso-l,3-diazacyclopentane (0.74 g; 5.6 mmol) was slowly 

added to 8 mL of a 30% solution of N2O5 in 100% nitric acid (32 mmol of 
N2O5) over a period of 3 min. Slight exotherm upon addition accompanied 

by the production of NOx as evidenced by the generation of pink 

coloration upon addition of the DNDCP. The reaction temperature was 

maintained below 0°C throughout the addition. The reaction solution was 

stirred an additional 15 min at 0°C then quenched over 20 g of crushed 

ice giving a faint blue milky solution. The solution was extracted with 

methylene chloride (2 x 50 mL). Concentration on the rotoevaporator 

gave 0.50 g of white crystalline solid. Nuclear magnetic resonance 

analysis revealed the presence of some of the mixed nitrosonitro inter¬ 

mediate in this product. Crystallization from 95% ethanol gave 0.3 g 

(33% yield) of beautiful crystalline product (mp 131 to 133°C). The 

yield could be improved to 85% yield by carrying out the reaction at 

-35°C (Reference 7). Reaction of 1,3-diacetyl-l,3-diazacyclopentane 
under identical conditions resulted in complete hydrolysis of the 

starting material. 

REACTION OF 1,3-DINITR0S0-l,3-DIAZACYCLOHEXANE WITH N2O5 

1,3-Dinitroso-l,3-diazacyclohexane (0.81 g; 5.6 mmol) was added to 

8 mL of a 30% solution of N2O5 in 100% nitric acid in portions over 

7 min. The reaction temperature was kept below 10°C. The reaction 

solution was stirred an additional 8 min and then quenched by pouring 

over 20 g of crushed ice giving a pale blue solution which paled to 
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yellow upon standing. The solution was extracted with methylene chlor¬ 

ide (3 X 50 mL) and dried quickly over anhydrous magnesium sulfate. 

Filtration and evaporation of solvent gave 0.81 g of crude product. 

Nuclear magnetic resonance analysis showed this material to be a mixture 

of the desired dinitro compound and the intermediate nitroso-nitro 

derivative. There were no peaks remaining that corresponded to the 

starting material. Integration of the spectrum indicated the product to 

be 67% 1,3-dinitro-l,3-diazacyclohexane and 33% l-nitroso-3-nitro-l,3- 

diazacyclohexane. 

REACTION OF 1,4,5,8-TETRAFORMYL-l,4,5,8-TETRAAZADECALIN WITH N2O5 

Trans-1,4,5,8-tetraformyl-l,4,5,8-tetraazadecalin (0.51 g; 
2.0 mmol) was suspended in 25 mL of l ,2-dichloroethane. The suspension 

was cooled to 10°C and 2 1/2 mL of a 30% N2O5 solution was added drop- 
wise over 2 rain. The suspension was stirred an additional 30 min; at 

this time a 3 mL aliquot was withdrawn and quenched over 5 mL of ice 

water. Evaporation of the liquid phase left a small amount of yellow 

solid. The NMR spectrum of this material showed a multiplicity of 

resonances, none of which corresponded to the desired trans-TNAD. The 

reaction was stirred an additional 3 h, then quenched over 80 mL of ice 

water. Evaporation of the two liquid phases gave only a small amount of 

yellow mobile oil. The NMR of this oil again showed no resonance sig¬ 

nals for the desired product, but only a multiplicity of signals from 

which no structural information could be deduced. 

The reaction was repeated neat using an excess of N2O5 (10:1 mmol 
ratio). Quenching over ice water gave no precipitate. Removal of the 

aqueous phase gave a small amount of green oil from which no product 

could be induced to crystallize. 

REACTION OF CIS-1,4,5,8-TETRAACETYL-l,4,5,8-TETRAAZADECALIN WITH N2O5 

Cis-1 ,4 ,5 ,8-tetraacetyl-l ,4,5,8-tetraazadecalin (3.54 g; 10 mmol; 

the NMR of shows only a trace of the trans isomer) was added with stir¬ 

ring to 24 mL of a 24.6% solution of N2O5 in nitric acid (8.64 g; 

80 mmol) at 0°C over a 5-min period. The reaction solution was stirred 

an additional hour at 0°C, and then quenched over 50 g of crushed ice to 

give a yellow green aqueous phase. No precipitate was evident. Extrac¬ 

tion of the aqueous phase with methylene chloride did not yield any 

product. Evidently, the cis isomer undergoes hydrolysis under these 

reaction conditions. 
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NITROLYSIS OF TRANS-1,4,5,8-TETRAACETYL-l ,4 ,5 ,8-TETRAAZADECALIN 

Trans-1,4,5,8-tetraacetyl-l,4,5,8-tetraazadecalin (0.5 g; 1.6 mmol; 

the NMR shows the absence of the els isomer) was added in portions over 

3 min to 4.8 mL of 24¾ N2O5 (1.74 g; 16 mmol). The reaction temperature 

was kept below -10"C. The starting material did not go into solution 

after 15 min, so the cooling bath was removed, and stirring was contin¬ 

ued for an additional 30 min while the reaction mixture slowly warmed 

(red fumes of N0X were evolved). The reaction was quenched over 10 g 

of crushed ice giving a white precipitate. Filtration and drying in the 

vacuum oven (50°C, 20 mm Hg) yielded 0.217 g of TNAD (42%). The NMR and 

IR spectra of this material were identical with those of an authentic 

sample. 

NITROLYSIS OF TRANS-1,4,5,8-TETRANITR0S0-l,4 ,5,8-TETRAAZADECALIN 

Trans-1,4,5,8-tetranitroso-l,4,5,8-tetraazadecalin (5.16 g; 
20 mmol) was added over 5 min in small portions to a solution of 50 mL 

methylene chloride and 46 mL of a 25% N2O5 solution (160 mmol). The 

temperature of the reaction was maintained below 0°C. The reaction 

mixture was stirred for an hour at 0°C. Red fumes were continuously 

evolved and were swept out of the reaction vessel by means of a slow dry 

nitrogen purge stream. The reaction was quenched over 150 g of crushed 

ice. Filtration gave a cream colored white solid. This was washed with 

water (2 x 50 mL) and then with methanol (2 x 75 mL). After drying in 

the vacuum Qven overnight (65°C; 29 mm Hg) , 6.54 g of white crystalline 

solid which melted at 233°C, with decomposition, remained. The NMR of 

this material is identical to that of an authentic sample of trans- 

TNAD. This constitutes a quantitative yield of the desired nitramine. 

NITROLYSIS OF R-SALT TO RDX 

R-salt (100 mg, 0.57 mmol) was added in portions over a period of 

2 min to a stirred solution of 25% N2O5 in 100% HNO3 (7.5 g, 17.2 mmol) 
under CCI4 at 0°C. ADD THE R-SALT CAREFULLY! After 30 min at 0°C, the 

mixture was poured onto ice water (10 mL) and placed in a freezer for 

20 h. A white solid (found to be RDX by comparison with an authentic 

sample) (40 mg, 32%) was collected by vacuum filtration. 

NITROLYSIS OF HEXAMINE TO RDX 

Hexamine (0.5 g, 3.6 mmol) was added in portions over 5 min to a 

stirred solution of 25% N2O5 in HNO3 (36 mL, 142 mmol) under CCI 4 
(20 mL) kept at -20°C. After 30 min, the yellow mixture was carefully 

poured onto ice (50 g), neutralized with NaHC03, and extracted into 

EtOAc. After drying (MgS04) and solvent removal, a white solid was 
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isolated (0.46 g, 57%) which was shown to be RDX by comparison with an 

authentic sample (mp 202°C, decomposition, lit 204°G, decomposition). 

NITROLYSIS OF DINITROSOPIPERAZINE TO DINITROPIPERAZINE 

1,4-Dinitrosopiperazine (100 mg, 0.7 mmol) was dissolved in 

dichloromethane (5 mb) containing concentrated HC1 (8 drops, approxi¬ 

mately 1.4 mmol) and cooled to 5°C with stirring. Dinitrogen pentoxide 

in dichloromethane (46 mL, 1 M solution, 66 equiv.) was added dropwise 

and the reaction was allowed to stir for 3 days after slowly warming to 

ambient temperature. The mixture was poured into ice water (20 mL) and 

the layers separated. The organic layer was dried (MgSO^) and solvent 

removed under reduced pressure to afford a white solid (800 mg, 67%) 

which was found to be dinitropiperazine by comparison with an authentic 

sample. 

PREPARATION OF 1,4-DINITR0S0FURAZAN0[3,4-b]PIPERAZINE 

Concentrated HC1 (4 mL) was added dropwise to a stirred solution of 

furazano[3,4-b]piperazine (Reference 11) (1.0 g, 8 mmol) and sodium 

nitrite (1.24 g, 18 mmol) in water (50 mL) at 60oC. A thick, yellow 

solid formed, which was stirred at 60°C for 50 min and then cooled to 

0°C for an additional 45 min, collected by suction filtration, and 

recrystallized from warm benzene to yield 1.0 g of 1,4-dinitroso- 

furazano[3,4-b]piperazine (mp 93 to 95°C, 68%) as yellow plates. Hi 

NMR: broad singlet at 4.29 ppm (major conformer). Two minor conformers 

were seen as broad singlets at 5.20 and 4.49 ppm. NMR (major 

conformer): 39.28, 144.51 ppm. IR (KBr) cm-1: 3000, 1630, 1560, 1500, 

1400, 1350, 1075. Analysis calculated for C4H4N6O3: C, 26.09; H, 2.19; 

N, 45.65. Found: C, 26.08; H, 2.25; N, 45.72. 

NITROLYSIS OF 1 ,4-DINITR0S0FURAZAN0[3,4-b]PIPERAZINE TO 1,4- 

DINITROFURAZANO[3,4-b]PIPERAZINE 

1,4-Dinitrosofurazano[3,4-b]piperazine (0.25 g, 1.3b mmol) was dis¬ 

solved in dichloromethane (5 mL) and cooled to O^C. To this stirred 

solution was added dropwise N2O5 in dichloromethane (54.4 mL, 1 M solu¬ 

tion, 40 equiv.). The mixture was stirred at 0°C for 45 min then poured 

into ice water (20 mL). The organic layer was separated, washed with 

water (10 mL), dried (MgSOq), and solvent removed under reduced pressure 

to afford a light yellow solid (0.20 g, 68%), which by comparison with 

an authentic sample was shown to be CL-7.5. 
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