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ABSTRACT 

This thesis is mainly focused on the reactions of oxo-pyrimidines and oxo-imidazoles with nitric 

acid in sulfuric acid and properties of the gem-dinitro products formed in this process. 

 

Low temperature nitrations of 2-methylimidazoles produced – in addition to the known 

 2-methyl-5(4)-nitroimidazole – 2-(dinitromethylene)-5,5-dinitro-4-imidazolidinone and parabanic 

acid. This tetranitro compound was also obtained via nitration of 2-methyl-4,4-dihydro-(1H)-5-

imidazolone. Thermal decomposition of 2-(dinitromethylene)-5,5-dinitro-4-imidazolidinone 

yielded 2-(dinitromethylene)-4,5-imidazolidinedione, which also was the product from the 

nitration of the new compound 2-methoxy-2-methyl-4,5-imidazolidienedione. Treatment of 2-

(dinitromethylene)-5,5-dinitro-4-imidazolidinone with aqueous ammonia resulted in the 

previously unknown 1,1-diamino-2,2-dinitroethylene (Paper I). 

 

The nitration of some 2-substituted pyrimidine-4,6-diones in sulfuric acid, which afforded 

previously unknown 5,5-gem-dinitro-pyrimidine-4,6-diones in high yields, was studied. Alloxane 

was prepared in a one-step procedure by thermal decomposition of 5,5-dinitrobarbituric acid in 

hot acetic acid. The gem-dinitro products were found to be easily attacked by nucleophiles with 

concomitant formation of gem-dinitroacetyl derivatives, which in turn could be further 

hydrolysed to salts of dinitromethane and triureas (Papers II and III). 

 

Nitration of 4,6-dihydroxypyrimidine in sulfuric acid yielded nitroform as the sole product. This 

behaviour was tentatively explained by the formation of an intermediate, 5,5-dinitro-4,6-

dihydroxypyrimidine, which underwent hydrolysis in the nitrating acid into gem-dinitroacetyl 

formamidine. This compound was further nitrated in the same reaction mixture into 

trinitroacetylformamidine, which finally underwent hydrolytic cleavage into nitroform. It was also 

demonstrated that gem-dinitroacetylureas could produce nitroform upon nitration. The structures 

of the proposed trinitroacetylureas were confirmed by the isolation of one of their derivatives 

(Paper IV). 
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BACKGROUND – A GENERAL DESCRIPTION OF THE MOST COMMON 

ENERGETIC MATERIALS AND THEIR PREPARATION 

 

HISTORY 

The development of new energetic materials follows two main lines: the first is to get explosives 

with higher performance and the second one is to get explosives with lower sensitivity. The 

importance of high performance is easy to explain. For example higher detonation pressure 

results in higher velocity of heavy metal shrapnels, which increases the armour penetration 

capability. Lower sensitivity is not only of interest for safe handling. An important aspect of 

explosives with low sensitivity is that the survivability of platforms (ships, tanks and armoured 

vehicles) will increase. Actually, the destructive power of the explosives carried on one platform 

is more than enough to destroy it. Ignition of the ammunition should only be possible in a 

specified way by a defined starting impulse in a so-called ignition train. Ideally, it should be 

impossible to initiate the explosive or propellant by fragment impact, bullet impact, fire or any 

other kind of unintended stimuli. If the construction of such ammunition were possible, it would 

result in higher survivability on the battlefield1. Therefore insensitive ammunition would have the 

same effect as bigger number of platforms with conventional ammunition 

 

The first explosive to be used by man was black powder – a mixture of charcoal, sulfur and 

potassium nitrate. Nowadays, it is considered primarily as a pyrotechnic mixture. The effect is 

due to combustion with charcoal and sulfur as fuels and potassium nitrate as the oxidiser. The 

reaction is diffusion controlled and the reaction rate is low. In one of the first explosives with 

high brisance, nitrocellulose, the oxidiser (nitrate esters) is attached to the fuel, the i.e. cellulose 

backbone. This reduces the distance between fuel and oxidiser from parts of millimetres in black 

powder to the Ångstöm scale in nitrocellulose.  

 

It is noteworth that the use of so-called modern high explosives was dependent on the 

introduction of the metal blasting cap, based on mercury fulminate, by Alfred Nobel in 1867. The 

blasting cap enabled the ignition of less sensitive explosives2. 

 

Most high explosives in use were developed during the 19th and the early 20th century. Though, 

the intended use was not as explosives. Several conditions have to be fulfilled concomitantly for 
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an energetic compound to make it an attractive explosive or propellant ingredient. First of all, the 

method of preparation should not be too complicated or expensive and the product should have 

a good performance as an explosive. The performance of an explosive is dependent on the 

density (more energy per volume) and the oxygen balance, i.e. the energy content of the 

explosive. The more oxygen the better, since all carbon should be burned to carbon dioxide and 

all hydrogen to water.  

 

A known compound often did not become a new explosive until a new process to prepare it in 

industrial scale at a reasonable price was invented. For instance RDX was first prepared by the 

German Henning for medical reasons3. It was recognised as an explosive by Hertz in 1920 but it 

did not become important until 1940 when Meissner invented a continuous process to prepare 

RDX3. 

 

NITRATE ESTERS 

The development of explosives has been focused on the formation of the oxidising groups. 

There are several groups used as oxygen carriers in explosives.  
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Figure 1. Explosives with nitrate ester groups: Nitrocelulose (1), Nitroglycerine (2), Dinitro-

ethyleneglycol (3), PETN (4) 
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In nitrocellulose 1, nitroglycerine 2, dinitroethyleneglycol 3 and PETN (pentaerytritol tetranitrate) 

4, the nitrate ester group is the oxygen carrier (Figure 1). The nitrate ester is prepared from the 

corresponding alcohol in a mixture of nitric and sulfuric acid4.The nitrate ester group is quite 

easily hydrolysed. The acidic products formed in the hydrolysis can promote further hydrolysis. 

This is a common problem in nitrocellulose, which therefore has to be stabilised4. 

 

NITROAROMATICS 

Nitro groups as oxygen carriers are common and examples of such compounds include TNT 

(2,4,6-trinitrotoluene) 5,  HNS (hexanitrostilben) 6 and TATB  (triaminotrinitrobezene) 7 (Figure 

2). TNT 5 with a melting point of  80.7 °C, is the most common cast explosive5. HNS 6 is a 

crystalline explosive used for blasting in oil wells, thanks to its high thermal stability with a 

decomposition temperature above 300 °C. TATB 7 is an explosive with very low sensitivity and it 

is often used as the main charge in nuclear weapons6. The nitro group is usually introduced by 

direct nitration with a mixture of sulfuric acid and nitric acid. The active nitrating agent is the 

nitronium ion (NO2
+)7. 
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Figure 2. Explosives with nitro groups: TNT (5), HNS (6), TATB (7) 

 

NITRAMINES 

In the explosives with the so far highest performance, the nitramine group is the oxygen carrier. 

These compounds have high density. Examples of such explosives include RDX (cyclo-1,3,5-

trimethylene-2,4,6-trinitramine) 8, HMX (cyclotetramethylene tetranitramine) 9 and the explosive 

with the highest known performance CL-20 (hexaazahexanitroisowurzitane) 106,8 (Figure 3). The 

nitramino group is usually introduced with the help of nitric acid or a mixture of nitric acid and 

acetic anhydride3. 
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Figure 3. Explosives with nitramino groups: RDX (8), HMX (9), CL-20 (10) 

 

GEM-DINITRO COMPOUNDS 

A more uncommon oxidiser is the gem-dinitro group. The gem-dinitro group is attractive since it 

is quite stable to hydrolysis and provides a good oxygen balance (compared to N-NO2). One 

molecule that has attracted interest in recent years is TNAZ (3,3-dinitro-1-nitroazetidine) 11; an 

explosive with a melting point of 92 °C and a performance similar to HMX . It has a couple of 

drawbacks: the synthesis is very complicated the yield is low. In one of the steps, the yield is 

approximately 10%9, but the main problem is that the compound sublimes easily, which is a 

serious safety problem10. The gem-dinitro group is used in the energetic plasticizer BDNPA/F, 

which is a mixture of two gem-dinitro compounds: bis(2,2-dinitropropyl)formal 12 and bis(2,2-

dinitropropyl)acetal 13 (Figure 4). BDNPA/F is produced in industrial scale and it is prepared 

from 2,2-dinitropropanol condensed with formaldehyde or acetaldehyde11 The reason for the 

gem-dinitro group not to  be so commonly is probably that it is difficult to synthesise and it is 

not always simple to get a pure product12. Multistep synthesis is a problem in industrial scale, 

where a one-pot preparation is preferred to avoid the hazardous handling of nitrated 

intermediates. Generally, it is also a problem to achieve a satisfactory total yield in a multistep 

process. 
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Figure 4. Explosisives with the gem-dinitrogroup: TNAZ (11), BDNPA/F is a mixture of 12 and 13. 

 

THE AIM OF THE WORK 

The aim of this work was an attempt to extend the knowledge of gem-dinitration of some 

heterocycles in mixed acids, based on a few known examples, vide infra. The first results, where 

gem-dinitro products were formed, prompted us to further study this reaction to find simple 

methods for the preparation of gem-dinitro groups. Our definition of a simple method is one 

that uses commercially available starting materials and preferably a one-pot reaction with a 

nitrating system that could be used in industrial scale. 

 

To explain our approach, we have to start with a short review of the most common ways to 

prepare the gem-dinitro functionality. 

 

The first method is the direct nitration of olefins, which here is exemplified by the nitration of 

2,3-dibromopropene in mixed acids, producing 1,2-dibromo-1,1-dinitroethane13.  

 

Another method involves addition of nitrogen oxides to olefins. The general idea of how to 

obtain a gem-dinitro group from such a compound is to have a nitro group on the double bond 

and treat it with dinitrogen tetroxide. An example is CH3CH=C(NO2)CH3 that upon treatment 

with N2O4 gave CH3CH(NO2)-C(NO2)2CH3
13

 .  
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Nitration of nitrogen derivatives, like the nitration of oximinocyanoacetic ester 

NCC(NOH)COOR with mixed acid, has been reported to yield dinitrocyanoacetic esters 

NCC(NO2)2COOR14. The nitration of cyanoacetic acid esters was even possible to nitrate in 

mixed acids to give dinitrocyanoacetic esters15. 

 

Replacement of a halogen atom in RCH(NO2)Cl with a nitrite ion in basic media will yield the 

anion R-C(NO2)2
- which on treatment with acid will give the corresponding acid, i.e. RCH(NO2)2. 

This method does not work for secondary nitro groups13.  

 

Another route is oxidative nitration. A primary or secondary nitro group is treated with silver 

nitrate and inorganic nitrites in an aqueous alkaline solution R2=NO2
- + NO2

- + 2Ag+ → 

R2C(NO2)2 + 2Ag0. The reaction is believed to have an addition complex containing silver as an 

intermediate13. 

 

2-Dinitropropanol used in the preparation of BDNPA/F was prepared from nitroethane treated 

with K3Fe(CN)6 and Na2S2O8 in water, the potassium salt of 2,2-dinitroethane was then reacted 

with formaldehyde16.  

 

The next general method involves nitration of so-called acidic hydrogen compounds. One 

example is the decarboxylative nitration of methyl malonate,  HO2CCH2CO2CH3, yielding 

HC(NO2)2CO2CH3, which was subsequently hydrolysed to give dinitromethane12. This behaviour 

has also been observed in some heterocyclic systems mainly in azolones (Scheme 1)17, 18.  
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Scheme 1. Nitration of heterocyclic compounds with acidic hydrogen 
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The latter results prompted us to study the nitration of similar types of compounds, in the hope 

to generalise the method. 

 

The previous methods for the synthesis of gem-dinitro compounds are difficult to use in larger 

scale. Chlorinated and brominated starting materials are not suitable from an environmental point 

of view. The industrially preferred nitration system is so-called mixed acids (sulfuric and nitric 

acid). Therefore, this system was chosen in the present work as means for the introduction of 

gem-dinitro groups. 

 

The choice of solvent was based on the fact that the media that favours formation of gem-dinitro 

compounds is exclusively sulfuric acid. 

 

It was also known that the substrates, which can undergo this type of nitration, in all cases 

contain ester, keto or amido groups, sometimes in combination with another electron 

withdrawing group, e.g. the cyano group in the nitration of cyanoacetic acid esters. This 

activation of  hydrogens was also shown in the nitration of 4,6-dihydroxy-2-isopropylpyrimidine 

14, which loses an acidic proton during the formation of the product, a 4,6-dihydroxy-2-

isopropylidene-5,5-dinitro derivative 15 (Scheme 2)19. The activation is probably due to a 

combination of a neighbouring electron withdrawing group and enolisation. 
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O O OO

O2N NO2

14 15  

Scheme 2. Nitration of 4,6-dihydroxy-2-isopropylpyrimidine 

 

Most of the compounds with active hydrogen atoms have several sites for nitration17 or provide 

low yields and difficult work up of the gem-dinitro compound12.  
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NITRATION  

BARBITURIC ACID 

Barbituric acid 16 was chosen in our studies, since it has only one reactive site to form a gem-

dinitro product (Figure 5). Barbituric acid is also stable in sulfuric acid.  

HN NH HN NH

O O

O O

OO

16 17

NO2

 
Figure 5. Barbituric acid 16 and 5-nitrobarbituric acid 17 

 

Mononitration of barbituric acid in pure nitric acid into 5-nitrobarbituric acid 17 was described by 

Hartman et.al.20. Dinitration of barbituric acid in chloroform with nitrogen pentoxide was 

described by Runge et. al.18. The authors claimed the product to be 1,5-dinitro barbituric acid 18 

(Figure 6), without any conclusive proofs. Hitherto, no information on the properties of 

barbituric acid in sulphuric acid has been available.  
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Figure 6. 1,5-Dinitrobarbituric acid 

We have studied the nitration of barbituric acid in concentrated sulfuric acid (85-95%). The 

barbituric acid was treated with one to three equivalents of nitric acid. With one equivalent of 

nitric acid, 5-nitrobarbituric acid is quantitatively formed at ambient temperature. With two and 

more equivalents of nitric acid, a new product, which crystallised directly from the reaction 

mixture, was separated and analysed. This product was the previously unknown 5,5-dinitro 

barbituric acid 19. Repetition of Runge’s experiment, vide supra, provided the same product.  
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Figure 7. 5.5-dinitrobarbituric acid 

 

To explain these results, it is reasonable to consider the structures of barbituric acid and 5-

nitrobarbituric acid. There is only one article that describes the structure of barbituric acid in 

solution21 . According to these studies, barbituric acid exist predominantly in its keto form in 

polar organic solvents. Other compounds of this type exist in the enol form. However, this does 

not exclude the barbituric acid to be involved in the keto-enol tautomerism indicated below.  
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Figure 8. Barbituric acid 16 and its possible enolisation pattern 

 

The properties of nitrobarbituric acid were described by Holleman, who depicted nitrobarbituric 

acid as a nitronic acid 20 as in (Figure 9)22. The argument used to support this structure was that 

the yellow colour of a solution of nitrobarbituric acid, treated with potassium hydroxide, was due 

to the anion of the nitronic acid. 
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Figure 9. The structure of nitro barbituric acid as suggested by Holleman 
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This could in principle explain the formation of gem-dinitro compound by the reaction of a 

nitronium ion with 20. To our mind, the behaviour of nitrobarbituric acid in concentrated 

sulphuric acid can as well be described by Figure 10. This ensures the introduction of the next 

nitro group via interaction of the enol form of nitrobarbituric acid with nitronium ions. 
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Figure 10.  Equilibrium between keto and enol form of barbituric acid 

 

The reaction sequence was monitored with UV spectroscopy. These measurements indicate that 

the first step was a quick formation of mononitrobarbituric acid followed by a slow formation of 

gem-dinitrobarbituric acid (Scheme 3). The slow second step in the nitration could be explained 

with the delocalised anion as above (Figure 9) or with the electron-withdrawing nitro group that 

decreases the electron density in the 5-position, or a combination of both phenomena. However, 

the formation of an anion is less likely due to the high acidity of the reaction medium. It is easier 

to understand protonation of the neutral molecule. 
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Scheme 3. Nitration of barbituric acid 

 

Based on these results, the mechanism could be represented as enolisation and electrophilic 

attack by a nitronium ion at the 5 position (Scheme 4).   
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Scheme 4. Suggested mechanism for the nitration for the nitration of barbituric acid 

 

Another mechanism could be an initial nitration on the nitrogen and a rearrangement resulting in 

a nitro group in the 5-position. We consider this explanation to be less likely; since gem-

dinitration is seen in the nitration of methyl malonate HO2CCH2CO2CH3, without any amido 

group present12. Furthermore, nitration of N,N’-dimethyl barbituric acid with the same nitration 

system provided a similar gem-dinitro product, though at a lower rate. According to UV 

measurements, the reaction sequence was the same as for barbituric acid with a fast formation of 

the mononitro product followed by a slow formation of the gem-dinitro product.  

 

gem-Dinitrobarbituric acid could be hydrolysed in various ways, which will be discussed later, 

vide infra. 
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2-AMINO-4,6-DIHYDROXYPYRIMIDINE 

At this point we decided to extend our work to the nitration of 2-amino-4,6-dihydroxypyrimidine 

21 and 4,6-dihydroxypyrimidine 22 (Figure 11). 

 

HN N

O O

NH2

21

HN N

O O

22  

Figure 11. 2-Amino-4,6-dihydroxypyrimidine 21 and 4,6-dihydroxypyrimidine 22 

 

2-Amino-4,6-dihydroxypyrimidine was nitrated in the same nitration system used in the nitration 

of barbituric acid (Scheme 5). The reaction was monitored with UV spectroscopy. The reaction 

seemed to proceed in the same manner as the nitration of barbituric acid; the first step was a 

quick formation of 5-nitro-2-amino-4,6-dihydroxypyrimidine 23 followed by the slower 

formation of a gem-dinitro compound 24. In this case the gem-dinitro compound did not 

precipitate. All attempts to isolate the compound by aqueous work-up resulted in vigorous gas 

evolution and formation of gem-dinitroacetylguanidine 25, probably due to hydrolysis of the 

presumed 2-amino-5,5-dinitro-4,6-dihydroxypyrimidine. The reaction sequence is illustrated in 

the scheme below (Scheme 5). 
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Scheme 5. Suggested mechanism for the nitration of 2-amino-4,6-dihydroxypyrimidine 

 

2-METHYL-4,6-DIHYDROXYPYRIMIDINE 

A nitration of 2-methyl-4,6-dihydroxypyrimidine 26 with mixed acid was described by Astrat’ev 

et al.19 (Scheme 6). When we repeated their experiment we found the reaction to proceed with a 

fast formation of 5-nitro-2-methyl-4,6-dihydroxypyrimidine 27 followed by formation of gem-

dinitro groups and concomitant precipitation of 5,5-dinitro-2-(dinitromethyl)-4,6-

dihydroxypyrinmidine 28. In Astrat’ev‘s article it was stated that it was not possible to obtain 5-

nitro-2-methyl-4,6-dihydroxypyrimidine in the nitration described. We found it possible to obtain 

this mononitro compound almost quantitatively by the use of equimolar quantities of nitric acid 

and 2-methyl-4,6-dihydroxypyrimidine. 
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Scheme 6. Nitration of 2-methyl-4,6-dihydroxypyrimidine 
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This indicates that the first step is a nitration in the 5-position. It was not possible to establish the 

further nitration sequence in the formation of 5,5-dinitro-2-(dinitromethyl)-4,6-dihydroxy-

pyrimidine. 

 

2-METHYLIMIDAZOLONE 

Finally, we extended our nitration work to study the behaviour of the methyl group in 

2-methylimidazolone 29, a structure closely related to 1,3-dihydro-indol-2-one 30 and 2-methyl-

4,6-dihydroxypyrimidine 26 (Figure 12). 
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Figure 12. Structural similarities from 30 and 26 are combined in 29 

 

When 2-methylimidazolone was nitrated in mixed acids, a precipitate could be collected. 

However, on prolonged standing of the reaction mixture, the precipitate disappeared. The 

compound collected, assumed to be 31, was too unstable for characterisation and readily lost 

nitrogen oxides (Scheme 7).  
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Scheme 7. Nitration of 2-methylimidazolone showing the postulated intermediate 31 

 

Nonetheless, the decomposition product 2-(dinitroethylene)-4,5-imidazoledione 32 could be 

characterised.  
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In the nitration of 2-methylimidazolidine-4,5-dione 33, it was shown that the nitration of the 

methyl group is independent of the dinitration of the 5-position and the suggested mechanism is 

shown below (Scheme 8). 
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Scheme 8. Illustration of enolisation through the imino group activating the 2-position 

 

It is unknown if the nitration of 2-methylimidazolone starts in the 5- or 2-position. However, we 

have shown that 4-nitro-2-methylimidazole 34 did not give any 2-dinitromethylene-5,5-

dinitroimidazolidine-4-one. This indicates that the tautomerisation (imine-enamine) of the imino 

group is necessary for the formation of the gem-dinitro group in both positions (Scheme 9). 
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Scheme 9. An electron withdrawing nitro group is not enough to activate hydrogens to get a gem-

dinitration 



 19

HYDROLYSIS 

FORMATION OF GEM-DINITROACETYLUREAS 

gem-Dinitrobarbituric acid easily undergoes nucleophilic attack, even by weak nucleophiles. The 

initial attack takes place on one of the carbonyl carbons adjacent to the gem-dinitro group 

(Scheme 10). A similar behaviour was observed for 5,5-dinitro-2-(dinitromethyl)-4,6-

dihydroxypyrimidine23. 

 

HN NH

O O

O

O2N NO2

HN
H
N

O

O

O2N NO2

O

O

EtOH

HN
H
N

O

O

O2N O2N

N

O

HN
H
N

O

O

NO2

NO2

NH2

O

H

O
NH4

O

NHNH3

37

35 36

O

H2N

 

Scheme 10. Ring opening of gem-dinitrobarbituric acid with various nucleophiles 

When gem-dinitrobarbituric acid was reacted with ammonia and morpholine, salts 35 and 36 

were formed. All salts of these compounds are yellow, which usually is explained by the 

formation of a nitronic acid24. This does not seem to be the case here, considering that aqueous 

solutions of the compound 37 were yellow, but the compound changed its colour to white on 

drying. This might be due to the formation of a delocalised anion in solution, which transforms 

into its conjugate acid in solid phase. 

 

When gem-dinitrobarbituric acid (or the N-methylated gem-dinitrobarbituric acid 38) was 

dissolved in water, gas evolution was observed and a precipitate formed (Scheme 11). The 

precipitate was identified as gem-dinitroacetylurea 39. The following reaction mechanism is 

suggested: the first step is a nucleophilic attack on one of the carbonyls adjacent to the gem-
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dinitro group. An unstable carboxylic acid, 40, is formed, which decarboxylates into gem-

dinitroacetylurea 39, 41. 
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Scheme 11. Decarboxylation of gem-dinitrobarbituric acid 

 

The gem-dinitroacetyl compounds could be reacted further at elevated temperatures with strong 

nucleophiles (ammonia and morpholine) at the carbonyl adjacent to the gem-dinitro group with 

concomitant loss of the gem-dinitro group (Scheme 12). Depending on the reaction conditions 

used, the symmetrical 42 or unsymmetrical 43 triureas, or in some cases diureas (Scheme 13 and 

Scheme 14) could be isolated.  
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Scheme 12. Formation of triureas with dinitromethane as a leaving group 
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Two diureas were isolated. Treatment of 1-(2,2-dinitroacetyl)-3-(carbonyl ethyl ester) urea 38 with 

ethanol yielded ethyl(aminocarbonyl)carbamate and not the expected symmetrical urea 

compound 44, since ethanol is too weak a nucleophile to attack the carbonyl group. The 

formation of the product could be explained as follows: water dissolves in alcohol and reacts with 

the carbonyl adjacent to the gem-dinitro group. Decarboxylation then yields N-(carbonyl ethyl 

ester)urea 45 (Scheme 13). 
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Scheme 13. Formation of a carbamic acid that decarboxylates with the formation of a diurea 

 

The formation of bis(morpholino-4-carbonyl)amide 46 from the morpholine salt of 1-(2,2-

dinitroacetyl)-3-(morpholine-4-carbonyl)urea 37 could be explained by steric hindrance. The 

carbonyl carbon adjacent to the gem-dinitrogroup is blocked for the nucleophile by the bulkiness 

of the nitro and morpholine groups (Scheme 14).  
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Scheme 14. Steric hindrance resulting in the formation of a diurea 
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This reaction is not only an interesting special case of nucleophilic substitution. It is also an 

indication of the reaction mechanism. In the hydrolysis of 5,5-dinitro-2-(dinitromethyl)-4,6-

dihydroxypyrimidine, the formation of an isocyanate 47 intermediate is suggested in path A 

(scheme 15)23.  
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Scheme 15. Formation of an isocyanate in path A could not explain the reaction in Scheme 14 

 

The reaction of 1-(2,2-dinitroacetyl)-3-(morpholine-4-carbonyl)urea 37 with morpholine indicates 

that the reaction is a nucleopilic substitution on an amide. An isocyanate intermediate could not 

explain the formation of this reaction product. A more likely reaction path is suggested without 

the need of an isocyanate in path B (Scheme 15).  

 

Direct hydrolysis of gem-dinitrobarbituric acid with aqueous potassium hydroxide produced 

potassium dinitromethane 48 in high yield with high purity (Scheme 16). The first step is the 

formation of gem-dinitroacetylurea followed by a second attack on the acetyl group adjacent to 

the gem-dinitro group.  
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Scheme 16. Hydrolysis of gem-dinitrobarbituric acid yielding a potassium dinitromethane salt 

 

1,1-DIAMINO-2,2-DINITROETHYLENE 

2-(Dinitroethylene)-4,5-imidazoledinedione was hydrolysed in aqueous ammonia yielding 1,1-

diamino-2,2-dinitroethylene, 49 (FOX-7, Scheme 17). Formation of 1,1-diamino-2,2-

dinitroethylene was also observed in the hydrolysis of 5,5-dinitro-2-(dinitromethyl)-4,6-

dihydroxypyrimidine19. 1,1-Diamino-2,2-dinitroethylene was found to be of interest as an 

insensitive explosive17.  

HN NH

OO

O2N NO2

H2N

H2N OO

NO2

NO2

O O

49

+

NH3(aq)

 

Scheme 17. Hydrolysis of 2-(dinitroethylene)-4,5-imidazoledinedione yielding 1,1-diamino-2,2-

dinitroethylene 

 

TRANSFORMATIONS WITH LOSS OF NITROGEN OXIDES 

The spontaneous transformation of 2-dinitromethylene-5,5-dinitroimidazolidine-4-one and 

3,3,5,7-tetranitro-1,3-dihydro-indol-2-one gave us the idea to attempt a similar treatment of gem-

dinitrobarbituric acid.  
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Scheme 18. Formation of alloxane from gem-dinitrobarbituric acid 

An analogous transformation of 5-chloro-5-nitrobarbituric acid 51 was described in the literature 

(Scheme 19). Thermal treatment of this compound in acetic acid25 produced alloxane. The same 

procedure applied to gem-dinitrobarbituric acid also resulted in formation of alloxane 50 (Scheme 

18). Similar reactions were observed in the oxindole series 26 , but no convincing proof for the 

reaction mechanism were presented. 
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Scheme 19. Suggested mechanism for the formation of alloxane from 5-cloro-5-nitrobarbituric acid 

 

NITROFORM 

Nitration of 4,6-dihydroxypyrimidine in sulfuric acid with nitric acid yielded nitroform 52 as the 

sole product. Gas evolution was observed during the nitration. When the amount of nitric acid 

was decreased to two equivalents, 5-nitro-4,6-dihydroxypyrimidine and nitroform were obtained. 
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As mentioned above, the first step in the nitration was the formation of 5-nitro-4,6-

dihydroxypyrimidine, 53. Based on the results of the nitration of 2-amino-4,6-

dihydroxypyrimidine, the following reaction sequence can be suggested (Scheme 20). It is then 

assumed that the activity of water present in the nitrating mixture is sufficient to cause hydrolysis 

of 54. The resulting product 55 is then further nitrated into 56 followed by hydrolysis of the latter 

to yield nitroform as the final product. 
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Scheme 20. Suggested mechanism to explain the formation of nitroform in the nitration of 4,6-

dihydroxypyrimidine 

 

If the suggested mechanism were correct, it should be possible to nitrate any gem-dinitroaceturea 

(gem-dinitroacetyl guanidine) into nitroform. To verify this, a number of similar precursors were 

nitrated, namely the ammonium salt of (2,2-dinitroacetyl)biuret 36, gem-dinitroacetylurea 40, 1-

(2,2-dinitroacetyl)-3-(carbonyl ethyl ester)urea 38 and gem-dinitroacetylguanidine 26. All these 

nitrations produced nitroform in good yields. In all cases, the presumed intermediates were too 

unstable to be isolated after aqueous work-up. 
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However, one trinitroacetyl compound (1-(trinitroacetyl)-3-(carbonyl ethyl ester)urea) 57, was 

possible to isolate in a non-aqueous work-up (Scheme 21). This compound was extracted from 

the nitration mixture with methylene chloride and was precipitated by addition of n-heptane. The 

precipitated compound was easily hydrolysed and had to be handled under dry atmosphere. 

Nevertheless, IR and NMR spectra could be obtained.  
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Scheme 21. Formation of the only isolated triniroacetylurea compound 

 

These nitrations of gem-dinitro compounds, yielding trinitro compounds, can be compared with 

the nitration of nitroform into tetranitromethane 5827. In the latter reaction, there are three 

electron-withdrawing nitro groups and in the former reaction one of them has been replaced with 

an acetyl group. 

 

The formation of nitroform, as a by-product, seems to be a general feature for all gem-

dinitrations. The amount of nitroform produced in these reactions depends on such parameters 

as the solubility of the gem-dinitro products, the hydrolytic stability of the latter and the amount 

of nitric acid present in the reaction system. In some cases, tetranitromethane might be detected, 

which was described by Anthony Bellamy et al. 28 
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DISCUSSION 

The formation of various gem-dinitro compounds and their behaviour were studied. The results 

obtained, gave some indications on the mechanism of the reaction.  

 

We believe that the mechanism for formation of the gem-dinitro group is dependent on the 

participation of a neighbouring carbonyl group that is enolised in sulfuric acid. This enolate is 

most probably the reactive intermediate, which is attacked by the nitronium ion. However, the 

possibility of an initial N-nitration followed by an internal rearrangement resulting in a C-

nitration cannot be rigorously excluded.  

 

The gem-dinitro products formed in these nitrations, i.e. the gem-dinitro products of 4,6-

hydroxypyrimidines and 2-methylimidazoles, were easily hydrolysed. They are easily attacked by 

nucleophiles at a carbonyl carbon. This propensity is greatly favoured by the presence of the 

electron-withdrawing nitro groups. 

 

This nitration behaviour of the compounds of the compounds described is not restricted by the 

exclusive formation of gem-dinitro compounds. When the solubility of such compounds is high 

and their hydrolytic stability sufficiently low, partial hydrolysis of the gem-dinitro compounds 

followed by nitration of the intermediates formed is observed. The main product in these 

nitrations is generally nitroform. Sometimes, formation of tetranitromethane is observed. 

 

In some cases a borderline behaviour was observed, which probably was due to low solubility of 

the gem-dinitro compound formed in the nitration. This was probably the case in the nitration of 

2-methylimidazole where the gem-dinitro compound precipitated. On standing, the precipitate 

dissolved in the reaction mixture and it is not unlikely that this was futher nitrated into a trinitro 

compound. This phenomenon was confirmed in the nitration of 2-methyl-2-methoxyimid-

azolidine-4,5-dione. The yield of 2-dinitromethyleneimidazolidine-4,5-dione is usually 65-70 %. 

The formation of nitroform was confirmed by analysis of the waste acids and accounts for the 

loss of starting material. 

 

The same results were observed in the nitrations of 1,1-diamino-2,2-dinitroethylenes, which on 

treatment with nitric acid in sulfuric acid yielded 1,1,1-trinitro-diaminoethylenes29. 
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This type of nitrations was studied earlier by Mints et al.27, who suggested a trimolecular 

intermediate with nitroform, the nitronium ion and water. It is not unlikely that the same 

mechanism operates during the nitration of gem-dinitroacetylureas with the acetylurea group as 

an electron-withdrawing group like a nitro group in the case of nitroform. 

 

Another somewhat simpler mechanism could be the tautomeric nitronate form of the nitroform 

molecule; an explanation that is similar to the enolisation in 4,6-dihydroxy pyrimidines and 2-

methylimidazole (Scheme 22).   
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Scheme 22. A suggested explanation of the formation of tetranitromethane in the nitration of nitroform 

 

This kind of mechanism could also explain the formation of other trinitro compounds such as 

the formation of 5-methyl-2-(trinitromethyl)pyridine 5930 (Scheme 23).    
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Scheme 23. Extended use of the suggested nitration mechanism 

 

The degradation of gem-dinitrobarbituric acid to yield alloxane is not fully understood, but it 

seems to be a general feature of this type of compounds.  

 

It is also of interest to mention that this work resulted in practical routes to obtain salts of 

dinitromethane and nitroform, in good yields and with high purity. These reactions are not only 

of interest as laboratory procedures. This is illustrated with nitroform that earlier was produced 

from acetylene in nitric acid with a mercury catalyst in industrial scale. This process was used in 

Nora at the Nobel company, until an explosion with one person killed made the company to 

close the production of nitroform31.  

 

The newly developed method allows production of nitroform in a safe and environmentally 

friendly manner. Treatment of 4,6-dihydroxypyrimidine with mixed acids makes the risky 

handling of acetylene and the toxic mercury catalyst unnecessary. The problem of separating 

nitroform from nitric acid is avoided. In the preparation of nitroform from acetylene and nitric 

acid, sulfuric acid was added to enable the extraction of nitroform from the reaction mixture32. 

This procedure is avoided in the nitration of 4,6-dihydroxypyrimidine, where sulfuric acid is used 

as the reaction medium. 
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A new explosive with interesting properties, 1,1-diamino-2,2-dinitroethylene (FOX-7), was 

developed. Its performance is close to the one of RDX, but it has a considerably lower sensitivity 

to friction and impact.  

 

This molecule was a target molecule in a U.S. Navy program to prepare high explosives. Their 

approach was to react tetraiodoethylene with nitric acid to obtain 1,1-diiododinitroethylene and 

react it further with ammonia to produce 1,1-diamino-2,2-dinitroethylene. However, the program 

failed and the sole product obtained was ammonium cyanodinitromethane33: I2C=C(NO2)2 + 

NH3 → NH4
+ -(NO2)2CCN. 

 

The crystal structure of the compound could be compared to other explosives with low 

sensitivity, such as TATB. The TATB molecule is flat and it forms sheets with strong 

intermolecular hydrogen bonds; these sheets are interconnected with van der Waals bonds. This 

allows stress release without bond breaking or crystal rupture, thus reducing the sensitivity. The 

same pattern is observed in the crystal structure of FOX-7. 

 

In single-crystal X-ray studies of 1,1-diamino-2,2-dinitroethylene, the molecule was found to be 

nearly flat with an ethylene bond length of 1.45 Å, which indicates extensive π-conjugation. The 

molecular packing was found to be built up by two-dimensional infinite wave shaped layers, with 

extensive intermolecular hydrogen bonding within the layers and van der Waals interactions in-

between the layers, which allows stress release as described above. 
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CONCLUDING REMARKS 

In this work a new route to prepare the gem-dinitro functionality by nitration of oxo-pyrimidines 

and oxo-imidazoles was investigated. The influence of enolisation was demonstrated. 

 

The results of this work present a convenient route to dinitromethane, whose number of 

interesting salts can be used as explosives, such as the dinitromethane salt of guanidine33. 

   

A new high explosive with high performance and low sensitivity was prepared; this explosive is 

now under investigation in applications such as in new gun propellants, as a component in cast 

explosives and in pressed charges for booster applications. 

 

It is also possible that some of these compounds will find use in civilian applications such as air 

bags and belt stretchers in cars. 
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Abstract: Low temperature nitrations of 2-methylimidazole gave 
in addition to the known 2-methyl-5(4)-nitroimidazole (1), 2- 
(dinitromethylene)-5,5-dinitro-4-imidazolidinone (3) and 
parabanic acid (2). The tetranitro compound 3 was also obtained 
by nitration of 2-methyl-4,5-dihydro-(lH)-5-imidazolone (8). 
Thermal decomposition of 3 gave 2-(dinitromethylene)-4,5- 
imidazolidinedione (4) which also was the product from 
nitration of the new compound 2-methoxy-2-methyl-4,5- 
imidazolidinedione. Treatment of 4 with aqueous ammonia gave 
the previously unknown I,l-diamino-2,2-dinitroethylene (5). 
The physical properties and chemical behaviour of (5) are 
described. © 1998 Published by Elsevier Science Ltd. All rights reserved. 

There is a need for new energetic compounds with combined high efficiency and 

low sensitivity ~. Accordingly several new explosives such as 3-nitro-l,2,4-triazolin-5- 

one (NTO) 2 and some nitroimidazoles have been investigated. Examples of the last 

mentioned type compounds include 2,4,5-trinitroimidazole, 3-methyl-5-nitro-2(IH)- 

imidazolone (as an analogue to NTO) ~'4 and nitrated di-imidazoles ~. Also for this 

purpose a series of l,l-bisaikylamino-2,2-dinitroethylenes that has been synthesised by 

Baum and co-workers by reaction of 1,1-diiodo-2,2-dinitroethylenes with amines 6. 

0040-4020/98/$ - see front matter © 1998 Published by Elsevier Science Ltd. All rights reserved. 
Plh S0040-4020(98)00673-5 
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However attempts to obtain the most interesting substance in this series, namely 

I,l-diamino-2,2-dinitroethylene itself, failed. In our approach to 1,I-diamino-2,2- 

dinitroethylene we used another methodology including hydrolytic cleavage of nitrated 

heterocycles. A similar approach has been used previously for the synthesis of l , I -  

diamino-2-cyano-2-nitroethylenes 7, and nitration of 2-methylimidazole was chosen as a 

possible route to the target molecule. 

Nitroimidazoles have been extensively studied 8.9 and reviewed'". Kinetic studies 

and preparative experiments clearly indicate that there are alternative reaction pathways 

in the nitration of both imidazole and 2-methylimidazole. These previous results 

indicated a number of products, of which only 4(5)-mononitro- and 4,5- 

dinitroimidazoles ( la -d)  have been definitely characterised, and products from reaction 

conditions that mainly led to destruction of the imidazole ring were not analysed TM. 

X 

R N No2 
H 

l a R = X = H  
l b R = H , X = N O  2 
lc  R=CH3,  X = H 
l d  R = CH 3, X = N O  2 

O 

o 0 N 
H 

Our preliminary experiments confirmed that the yields of 2-methyl-4(5)- 

nitroimidazole in such high temperature nitrations of 2-methylimidazole were far from 

quantitative. The strong and characteristic UV absorption of the aqueous phase 

indicated the presence of substantial amounts of polynitroaliphatic anions. For this 

reason most attention in this work was focused on low temperature nitration of 2- 

methylimidazole in an attempt to isolate intermediates prior to ring cleavage. Nitration 

of 2-methylimidazole by nitric acid in 85-105 % sulfuric acid was found to proceed 

rather last at ambient temperature with reaction times varying from 3 to 6 h, which is 

consistent with data for imidazole itself '2. The product pattern was strongly dependent 

on the acid concentration. 

Nitric acid in 101-105 % sulfuric acid at 15-25 °C gave mainly 2-methyl-4(5)- 

nitroimidazole in 50-70 % yield together with some parabanic acid (2), which was 
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isolated after aqueous work-up as the relatively insoluble ammonium salt. Nitration in 

80-100 % sulfuric acid at the same temperature changed the outcome completely and a 

previously unobserved unstable intermediate with the supposed structure 3 was isolated 

as a solid in modest yields (15 % optimum in 9 2% H2SO4 at 15-18 °C). The major 

product formed was parabanic acid (60 % yield under optimal conditions) and small 

amounts of 2-methyl-4(5)-nitroimidazole (1). Compound 3 proved to be thermally 

unstable at ambient temperature. It decomposes into 2-(dinitromethylene)-4,5- 

imidazolidinedione (4) in approximately 5 hours losing nitrogen oxides. The amount of 

oxides evolved (26.5 %) is very close to the theoretical figure(27.3 %) that corresponds 

to the loss of N203 from 3 to form 4. In solution this decomposition was considerably 

more rapid, and no reliable spectral data could be obtained of this highly unstable 

explosive compound. All attempts to record e.g. the ~3C NMR spectrum gave the three 

signals (157.7, 149.4, 130.1) characteristic for the dione 4. Attempts to produce KBr 

disks of 3 are not recommended because evolution of NOx will occur. Compound 4, on 

the other hand, was found to be thermally stable, which allowed its characterisation.. 

The assignment of structure 3 was based on the comparison of its behaviour with the 

previously observed decomposition of 3,3,5,7-tetranitrooxindole to 5,7-dinitroisatin ~3 

and on the amount of nitrogen oxides evolved in its decomposition to 4. 

H H NO2 O~.]~ N .NO2 

o-. O2N/ ~N NO 2 H 

3 4 

According to ~3C NMR studies 4 undergoes slow decomposition in DMSO 

yielding finally parabanic acid (2). 

Addition of either compound 3 or 4 to water and neutralisation by aqueous 

ammonia to pH 8-9 resulted in quick dissolution and formation of the ring cleavage 

products ammonium oxalate and the insoluble l,l-diamino-2,2-dinitroethylene (5) 

(Scheme 1). 

Although a number of substituted derivatives of 5, such as 6, previously have 
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been prepared by displacement reactions (using secondary amines) of I,l-diiodo-2,2- 

dinitroethylene, this method failed when ammonia was used as reactant. In this case the 

sole product was ammonium cyanodinitromethide, NI-hC(NO2)CN, presumably formed 

by loss of HI from the monosubstituted intermediate, i.e. l-amino-l-iodo-2,2-dinitro- 

ethylene 6. 

H2 N NH2 
NH3(aq)~ 

HN. NH 

, ~  02 N NO2 

02 N NO2 5 

+ (NH4)2C204 

Scheme 1 

l,I-Diamino-2,2-dinitroethylene (5), now reported lbr the first time, is a stable 

compound. Its properties are similar to amidinoformic acid j4. Both compounds are 

strongly dipolar and have similar infrared absorption corresponding to a protonated 

amidine function. Both compounds are very weak bases and can only be dissolved in 

strong acids. Compound 5 is also very poorly soluble in common organic solvents and 

water, but can readily be dissolved in solvents like DMSO and DMF. It is quite stable 

thermally and on heating it decomposes in two separate exothermic steps at 220 °C and 

275 °C. The structure of this compound was finally confirmed by a single crystal X-ray 

study. 

Single-crystal X-ray diffraction studies of I,l-diamino-2,2-dinitroethylene (5) 

showed that the molecule in the crystal structure has bond lengths and bond angles as 

expected for this type of push-pull ethylenes 6. The bond distances found in the structure 

are a lengthened ethylene bond distance of 1.45(!)/~,, two amino N-C bond distances of 

1.31(1) ,~ and 1.32(1) ,~, respectively and two nitro N-C bond distances of 1.42(I) /~ 

and 1.39(1) ,~,, respectively. Two short intramolecular hydrogen bonds between the 

nitro oxygen atoms and the amino hydrogen atoms are present. The two carbon atoms 

and the lbur nitrogen atoms in the molecule are nonplanar with a twist of -6 o for the 

nitro nitrogen atoms. The observed geometry of the molecule indicates extensive n- 

conjugation present. The molecular packing is built up by two-dimensional infinite 
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wave shaped layers, with extensive intermolecular hydrogen bonding within the layers 

and Van der Waals interactions between the layers. The crystal packing explains some 

of the physical properties such as the absence of a melting point and the low solubility 

of the compound. The details of the single crystal X-ray diffraction studies of l ,I- 

diamino-2,2-dinitroethylene have been submitted for publication ~. 

Compound 5 has the properties of a high explosive with a performance close to 

that of the common high explosive RDX (l,3,5-trinitro-l,3,5-triazacyclohexane) but 

with lower sensitivity to impact and friction. A comparison of sensitivity and detonation 

data of 5 and RDX is presented in Table 1. It might be added that the regio isomers of 5, 

cis- and trans-1,2-diamino-1,2-dinitroethylenes are still unknown compounds, although 

other 1,2-dinitroethylenes are known, such as trans-1,2-difluoro- 1,2-dinitroethylene ~6. 

Table 1. Comparison of RDX and l,l-Diamino-2,2-dinitroethylene. 

RDX 

Dropweight test (cm) 38 

Friction test (N) t20 

Detonation Pressure* (GPa) 34.63 

Detonation Velocity* (m/s) 8869 

1,1-Diamino-2,2- 

dinitroethylene 

126 

>350 

33.96 

8930 

*Calculated using Cheetah 1.4 and BKWC equation of state. Heat of formation used in the calculations 

was -32 kcal/mole (experimental). 

The nucleophilicity of the gem-diamino functionality in 5 is extremely low. No 

reaction with 1,2-dibromoethane was observed even in hot DMF. But under basic 

conditions 6 could be obtained in high yield. Compound 6 was spectroscopically 

identical with the product previously prepared from ethylenediamine and l,l-diiodo- 

2,2-dinitroethylene 6. 

Reaction between 5 and oxalyl chloride in acetonitrile at reflux gave the 4,5- 

imidazolidinedione (4) previously obtained by decomposition of 3. In a related 

experiment of interest, l,l-diamino-2,2-dimethoxycarbonylethylene reacted with oxalyl 

chloride to give 7 in a high yield 17. 
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HN .NH 

02N " ~  NO2 

HN NH 

MeO2C~'~CO2Me 

H3C"~N,~O 
H 

6 7 8 

From the available experimental data it is hard to judge about the mechanism of 

the formation of the tetranitro compound 3. However, it was shown in a separate 

experiment that 2-methyl-4(5)-nitroimidazole is unreactive under the reaction 

conditions used. This indicates that 1 is not an intermediate in the formation of 3. 

Hence, initial oxygenation of 2-methylimidazole to 2-methyl-4,5-dihydro-(IH)-5- 

imidazolone (8) 23 followed by gem-dinitration of the ring, similar to that in the nitration 

of oxindole ~2 seems likely. The mechanistic assumption as to the participation of the 

keto functionality in the gem nitration of the endocyclic carbon was confirmed by an 

experiment involving nitration of 2-methyl-4,5-dihydro(IH)-5-imidazolone (8) which 

under the same reaction conditions as for 2-methylimidazole quickly gave a compound 

that in all respects behaved as the previous described 3. The electron withdrawing effect 

of the keto- and nitro groups probably causes polarisation of the C-H bonds in the 

methyl group and makes the carbon atom liable to electrophilic attack enabling the 

formation of 3. Examples of such nitrations of aliphatic hydrocarbons containing acidic 

hydrogens can be found in the literature ~8-2°. In addition, electrophilic attack at the 

methyl group in 2-methyl-4(5)-nitroimidazoles have several precedents2L 

The influence of electronegative substituents in the imidazole ring on the 

reactivity of the methyl group in the 2-position towards electrophiles was finally 

demonstrated by nitration of 2-methoxy-2-methyl-4,5-imidazolidinedione (10) which 

readily gave compound 4 with yields up to 70 %. 

The purported compound 9 was for the first time erroneously mentioned in 

Beilstein but the substance described in the original work 22 is in fact 2-methyi-4,5- 

dihydro- 1H-4,5-imidazoledicarboxylic acid. 
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2-Methyl-4,5-imidazoledione was synthesised from acetamidine hydrochloride 

and diethyl oxalate in methanol at ambient temperature. The desired compound 9 was 

obtained as a mixture with 2-methoxy-2-methyl-4,5-imidazolidinedione (10) and 

recrystallisation of this mixture from methanol finally led to pure 10 (Scheme 2). 

NH~'CI" 
H3C ~ 

+ NH2 CH30 _ 
O ~ _ ~  CH3OH 

EtO OEt 

oMo 
t = 65"C 

N NH + HN_ NH - HN. NH 
" y  H3C"~OMe CH3OH H3C'~'OM e 

CH 3 
9 10 

Scheme 2 

N'~T/'NH : ~- H "." H 

CH3 CH3 

O2N O 

O 2 N ' ~  
H N ~ N H  

CHa 

HN03 

H O 
[O] H ' ~  

H N ~ N H  

CH3 

O2N O 

= C ) 2 N - - ~  
HN. NH 

O2N'~NO2 o o. . ,  

N,~NH = ~ H H 

CH3 CH3 
Scheme 3 

HNO~ 

. y  
HN. NH 

O2N " ~  NO2 
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Nitration of either the mixture or the recrystailised product gave the same yields 

of 4 .  This is explained by the formation of the same charged intermediate from 9 and 

10 in sulfuric acid (Scheme 3). 

Conclusions 

We have discovered a new type of nitration in the imidazole series, namely 

nitrative attack of endo- and exo-cyclic carbon hydrogen bonds, leading to gem-dinitro- 

compounds (3 and 4). This work and the results of previous studies in the oxindole 

series indicate that such nitrations might be extended to several other heterocycles, l , l-  

Diamino-2,2-dinitroethylene has interesting properties as a high explosive and might 

also have applications in the synthesis of nitrogen heterocycles. 

Experimental Section 

NMR spectra were obtained using a Varian 200 MHz spectrometer. Infrared spectra 

were recorded with a Mattson 1000 PTIR spectrophotometer. Melting points and 

decomposition temperatures were determined with a Mettler DSC 30. Mass spectra 

were recorded with a Jeol D300. Elemental analyses were carried out by H Kolbe 

Mikroanalytisches Laboratorium, Miilheim an der Ruhr, Germany. The friction 

sensitivity was measured with a Julius Peter friction testing apparatus. Heat of 

formation was obtained using a IKA-Calorimeter C 4000 adiabatic. 

Caution; All polynitro compounds described in this paper are explosives and proper 

shielding is strongly recommended. 

Nitration of 2-methylimidazole. Ammonium salt of parabanic acid (2). 

Finely ground 2-methylimidazole (4.1 g, 0.050 mol) was dissolved in sulfuric acid (40 

ml, 1.84 g/cm 3) at 45-50°C with vigorous stirring. At the same temperature nitric acid 

(12.5 ml, !.52 g/cm 3) was added over a 30 min period. After 3 h at ambient temperature 

the reaction mixture was diluted with water (i.5 times by weight). Neutralisation with 

25 % ammonia solution to pH 5-6 gave a precipitate of 2-methyl-5-nitroimidazole (0.5 

g). Further adjustment of the pH to 9-11 cooling it to 10 °C and keeping it overnight 

resulted in the precipitation of 4.5 g (60 %) of the ammonium salt of parabanic acid (as 

a monohydrate). 
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Nitration of 2-methylimidazole. Formation of 2-(dinitromethylene)-5,5-dinitro-4- 

imidazolidinedione (3), 2-(Dinitromethylene)-4,5-imidazolidinedione (4) and the 

ammonium salt of parabanic acid (2). 

Finely ground 2-methylimidazole (4.1 g, 0.050 mol) was dissolved in sulfuric acid (92 

% 40 ml) at 15-20 °C with vigorous stirring. At the same temperature nitric acid (8.0 

ml, 1.52 g/cm 3) was added over a 30min period. In the beginning of the addition the 

reaction mixture became dark and then slowly turned more bright with a distinct pink 

coloration. After 3 hours a white precipitate of 3 was formed, which was collected and 

washed several times with cold trifluoroacetic acid. The precipitate was dried in vacuum 

at 0°C. On standing at room temperature for 5 h, 2-(dinitromethylene)-5,5-dinitro-4- 

imidazolidinedione lost 26.5 % of weight and gave 1.7 g (15 %) of 2- 

(dinitromethylene)-4,5-imidazolidinedione, 4. Decomposition temp 240 °C (10 °C/min 

DSC): IR(KBr) 3305 (NH), 3280 (NH), 1805 (C=O), 1587 (NO2), 1511, 1312 NO2), 

1274, 912, 807, cm -j :Ill  NMR(DMSO-d6) ~ 11.01 ppm; 13C NMR (DMSO-d6) ~ 131.1, 

153.5, 159.8. ppm; MS m/e 202 (M+): Anal. Calcd. for C4H2N406: C, 23.77; H, 1.0; N, 

27.72. Found: C, 23.88; H, 1.25; N, 27.82. 

The filtrate was diluted with water (I.5 times by weight). Neutralisation with 25 % 

ammonia solution to pH 5-6 gave a precipitate of 2-methyl-5-nitroimidazole (0.5 g). 

Further adjustment of the pH to 9-11, cooling to 10 °C and keeping over night resulted 

in the precipitation of 1.5 g (20 %) of the ammonium salt of parabanic acid (as a 

monohydrate). 

2-Methyl-4,5-dihydro- 1H-5-imidazolone (8) 

This compound was prepared by condensation of ethyl acetimidate and ethyl 

aminoacetate according to literature 23. 24. Yield; 55 % (lit. 23 64 %). mp 171-172 °C (lit. 

140 °C 23, 24) after recrystallisation from pyridine 23. 13C and IH NMR spectra were in 

agreement with the lit. 24. The reason for the discrepancy of the melting points is not 

clear but might be due to various tautomers in the solid state. 

Independent synthesis of 3 

2-Methyl-4,5-dihydro-IH-5-imidazolone (8) (0.98 g, 10 mmol) was added in portions to 

a solution of nitric acid (2.0 ml) in sulfuric acid (9.0 ml) at 0-5 °C. The clear solution 

was allowed to reach 15 °C during 1 hour and stirred at this temperature for an 

additional hour. During this period the product separated as a solid, which was collected 
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by filtration after dilation of the reaction mixture with trifluoroacetic acid (6 mi) and 

cooling to 5 °C. The precipitate was washed with trifluoroacetic acid, dried and stored 

in a refrigerator. Yield; 0.75 g (27 %). 

Independent synthesis of 4 

l,l-Diamino-2,2-dinitroethylene (148 mg, 1.00 mmol) was added to acetonitrile (6.0 

ml) at 25 °C. Oxalyl chloride (190 mg, 1.5 mmoi) was added to the stirred mixture, 

which was then kept under reflux for 2 rain to give a clear solution and evolution of 

HCi. Concentration of the solution to ca 3 ml followed by addition of diisopropyl ether 

gave the product as a white solid, which was recrystallised from toluene/acetonitrile. 

Yield: 170 mg (83 %). The IR and mass data were identical with those for the product 

obtained from nitration of 2-methylimidazole. 

2.Methoxy-2-methyl-4,5.imidazolidinedione (10) 

The substance was found to be readily formed in an attempted synthesis of 2-methyl- 

4,5-imidazoledione. Sodium (7.7 g, 0.34 tool) was dissolved in 300 ml of methanol and 

acetamidine hydrochloride(9.6 g, 0.10 mol) was added to the solution. The mixture was 

allowed to stand with mixing during 15 min and then a solution of diethyloxalat (15.1 g, 

0.103 mol) in 100 ml of methanol was added dropwise during 3 h. The reaction mixture 

was treated with gaseous hydrogen chloride to obtain pH 5. The precipitate of NaCI 

formed was removed by filtration and the filtrate was concentrated at reduced pressure 

at 30-35 °C to 70-80 ml. The white precipitate formed was removed by filtration, dried 

at 40 °C and proved to be a mixture of organic product and sodium chloride. After 

extraction with acetone using a Soxhlet apparatus the organic product was shown by IH 

NMR to be a mixture of  2-methyl-4,5-imidazolidinedione (9) and 2-methoxy-2-methyi- 

4,5-imidazolidinedione (10). When recrystallised from methanol all 2-methyi-4,5- 

imidazoledione was transformed to (10) and gave a total of 9.6 g (64 %) of 2-methoxy- 

2-methyi-4,5-imidazolidinedione; mp 158 °C (dec.). IR (KBr): 3249 (NH), 1755 (C=O) 

1477, 1427, 1388, 1176, 1124, 1047, 790, 729, 674, 597 cm l .  IH NMR (DMSO-d6) 8 

1.56 (s, 3H, CH3), 2.97(s, 3H, O-CH3), 9.98 (s, 2H, NH) ppm. 13C NMR (DMSO-d6) 8 

27.2, 48.2, 92,0, 160.2. The mixture with 9 gave in addition the following IH NMR 

signals (DMSO-d6) 8 1.50 (s, 3H, CH3), 9.65 (s, I H, NH) ppm; Anal. Calcd for 

CsHsN203: C, 41.67; H, 5.65; N, 19.30. Found: C 41.49; H, 5.59; N, 19.44. 
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Independent synthesis of 4 from 2-methoxy-2-methyl-4,5-imidazolidinedione (10) 

The dione (! .44 g, 10 mmol) was dissolved at 15-20 °C in sulfuric acid (d 1.84, 6.0 ml) 

and nitric acid (1.1 mi, 2.6 mmol) was added dropwise during 5 minutes, the 

temperature being kept below 30 °C by external cooling. After 10 minutes a precipitate 

of 2-(dinitromethylene)-4,5-imidazoledione was formed, which was removed by 

filtration, washed by trifluoroacetic acid (3 x 5 ml) and dried under vacuum at room 

temperature to give 1.36 g (67 %) of pure substance. Spectral analysis proved the 

product to be identical with compound 4. 

1,1 -Diamino-2,2-dinitroethylene (5) 

2-(Dinitromethylene)-4,5-imidazoledione (!.25 g, 6.20 mmol) was suspended in water 

(5 ml) and 25 % aqueous ammonia (2 ml) was added to obtain pH 8-9. The white solid 

dissolved immediately and in a few seconds bright yellow crystals precipitated (l ,I-  

diamino-2,2-dinitroethylene). The precipitate was washed with water and dried at 50 °C 

to give 0.8 g (87 %) of l,l-diamino-2,2-dinitroethylene. IR. (KBr): 3417 (NH2), 3315 

(NH2), 3200 (NH2), 1638 (NH2), 1524 (NO2), 1471, 1400, 1356 (NO2), 1234, 1176, 

1143, 1027, 752, 652, 521, 462 cm t.  IH NMR (DMSO-d6) ~5 8.77 ppm.13C NMR 

(DMSO-d6) ~ 128.5, 158.8; MS m/e 148 (M÷); Anal. Calcd for C2H4N404: C, 16.22; H, 

2.72; N, 37.84. Found: C, 16.06; H, 2.62; N, 37.68. 

Treatment of the aqueous phase with calcium nitrate after removal of 5 lead to 

quantitative precipitation of calcium oxalate. 

2-(Dinitromethylene)-tetrahydroimidazole (6) 

Sodium hydride (96 mg, 4.0 mmol) was added in portions to a stirred solution of l ,I-  

diamino-2,2-dinitroethylene (296 mg, 2.00 mmol) under nitrogen in dry N,N- 

dimethylformamide (6.0 ml) at 25°C. When the evolution of hydrogen had ceased (5-10 

min), 1,2-dibromoethane (368 mg) was added. After 2 h at 115°C the reaction mixture 

was allowed to reach room temperature. Addition of water containing acetic acid 

(0.3ml) gave the crude product, which was recrystallised from toluene/di- 

isopropylether, giving 250 mg (70 %) mp 261-262 °C (lit 6 261-262 °C). The product 

was spectroscopically (IR and NMR) identical with previously prepared 2- 

(dinitromethylene)-tetrahydroimidazole 6. 
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Nitration of some 2-substituted pyrimidine-4,6-diones in sulfuric acid was studied, which afforded
previously unknown 5,5-gem-dinitropyrimidine-4,6-diones in high yields. The gem-dinitro products
were easily attacked by nucleophiles with concomitant formation of gem-dinitroacetyl derivatives,
which in turn could be further hydrolyzed to salts of dinitromethane and triureas.

Introduction

There are only a few examples of nitrations at
saturated carbon atoms in aliphatic and heterocyclic
molecules, leading to the formation of gem-dinitro- or
trinitromethyl compounds.1-5 Some substituted five-
membered azolones have recently been shown to behave
in the same way.6-8 However, in those cases where gem-
dinitration occurred in the heterocyclic ring it was
accompanied by nitration either in the fused aromatic
system or in the exo-cyclic substituent,7 which made it
difficult to differentiate the sequence of the nitration
steps.

Trying to overcome these difficulties and to see if the
presence of only carbonyl groups could promote gem-
dinitration in nitrogen heterocyles we have studied the
nitration of several pyrimidinones. Nitric acid in sulfuric
acid was chosen as the reaction medium as this had
previously been found to favor the formation of gem-
dinitro compounds.4-10

2-Aminopyrimidine-4,6-dione (1a), barbituric acid (1b),
and its N,N-dimethyl derivative (1c) were studied as
compounds having only one reaction site, namely the
5-position in the ring, which might be susceptible to this
type of nitration. The possibility of N-nitration was not

excluded, but not taken into consideration, since the
reversibility of this reaction11 allows one to expect
complete consumption of nitric acid in the irreversible
formation of C-nitro compounds. The courses of the
reactions were monitored by UV spectroscopy.

Discussion

It has long been known that nitration of barbituric acid
(1b) in nitric acid at room temperature gives exclusive
mononitration of the substrate in the 5-position.12 The
same results were obtained by us when compounds 1a-c
dissolved in concentrated sulfuric acid (85-95%) were
treated with 1 equiv of nitric acid at room temperature.
Quick and quantitative formation of 5-mononitro deriva-
tives 2a-c was observed. Excess of nitric acid in the
nitrating mixture (1-1.5 mol per mol of 2a-c) and a
higher reaction temperature (30-60 °C) caused further
nitration of these compounds. This was first detected by
the appearance of a new absorption maximum (355-365
nm) in the UV spectra of the quenched samples in
addition to the absorption maximum of the mononitrated
products (320-330 nm).

It was not possible to study the kinetics of the second
nitration step because of the strong overlap of the
absorption curves from the mono- and dinitrated prod-
ucts. A rough estimation of reaction times could be
obtained by following the smooth increase of the absorp-
tion at 360 nm. Maximum absorption was usually
reached after a few hours whereupon it remained con-
stant, thus indicating the formation of stable C-nitro
compounds. Compound 1b was completely converted to
the gem-dinitrated product 3b after 4 h at room temper-
ature. 2-Aminopyrimidine-4,6-dione was found, not un-
expectedly, to be more reactive, and consequently full

(1) Nielsen, A. T. Nitrocarbons; VCH: New York, 1995.
(2) Noble, P. J.; Borgardt, F. G.; Reed, W. L. Chem. Rev. 1964, 64,

19-57.
(3) Parker, C. O.; Emmons, W. D.; Rolewicz, H. A.; McCallum, K.

S. Tetrahedron 1962, 17, 79-87.
(4) Deady, L. W.; Quazi, N. H. Aust. J. Chem. 1992, 45, 2083-2087
(5) Puchala, A.; Belaj, F.; Bergman, S.; Kappe, C. O. J. Heterocycl.

Chem. 2001, 38, 1345-1352.
(6) Brimert, T. Ph.D. Thesis, KTH, Stockholm, 1998, pp 40-41.
(7) Bergman, J.; Bergman, S.; Brimert, T. Tetrahedron 1999, 55,

10447-10466.
(8) Latypov, N. V.; Bergman, J.; Langlet, A.; Wellmar, U.; Bemm,

U. Tetrahedron 1998, 54, 11525-11536.
(9) Bergman, J.; Bergman, S. Tetrahedron Lett. 1996, 37, 9263-

9266.
(10) Langlet, A.; Latypov, N. V.; Wellmar, U.; Goede, P.; Bergman.

J. Tetrahedron Lett. 2000, 41, 2011-2013.

(11) Schofield, K. Aromatic Nitration; Cambridge University
Press: Cambridge, 1980; pp 346-360

(12) Organic Synthesis; John Wiley and Sons: New York, 1943;
Collect. Vol. II, pp 440-441
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conversion to the corresponding dinitro derivative was
observed after 2 h at ambient temperature. When the
reaction medium was changed from sulfuric acid to oleum
the rate of nitration decreased dramatically: nitration
of 2b in 101-105% sulfuric acid gave no gem-dinitro
products after several days at the same reaction condi-
tions. This is reminiscent of the observations made by
Golod et al. while studying the nitration of nitroform.13

At higher concentrations (>5%) of the substrates 1b,c
in sulfuric acid the gem-dinitro products 3b,c crystallized
from the reaction media during the nitration. Both
products reacted vigorously with water, forming deriva-
tives of gem-dinitroacetylurea (4b,c), thus precluding
aqueous workup of the reaction mixtures. Isolation of
3b,c in pure form could only be achieved by repeated
washing with trifluoroacetic acid (TFA) to remove all
traces of sulfuric acid. Both compounds proved to be
rather thermally stable (∼150 °C dec) and their struc-
tures as 5,5-gem-dinitro derivatives were confirmed by
NMR studies and elemental analyses.

Dinitration of barbituric acid by nitrogen pentoxide
in organic solvents had a long time ago been claimed
by Runge,14 who assigned the structure of the product
as 1,5-dinitrobarbituric acid in analogy with other N-
nitrated aliphatic amides in the series. Their assignment
was exclusively based on the elemental analysis of
the product in the form of a 1:1 complex with dioxane,
despite the fact that the calculated figures for the
suggested structure did not coincide with the experi-
mental data; instead, the reported elemental analysis
gives an excellent correlation with a 1:1 complex of gem-
dinitroacetylurea (4b)and dioxane. Furthermore, in our
hands, the described synthetic procedure gave exclusively
a mixture of 5-nitro and 5,5-gem-dinitro barbituric acid.
All these data imply that the authors were dealing with,
in fact, gem-dinitrated barbituric acid. We were unable
to isolate 2-amino-5,5-dinitropyrimidine-4,6-dione (3a)
from the reaction media even at a very high substrate
(2a) concentration (>20%), presumably due to the forma-
tion of a soluble salt as a result of protonation of the
exocyclic amino function in the molecule. Neither did
addition of TFA to the mixture help to induce its
crystallization.

Formation of this product was postulated on the basis
of the following results: the ensuing aqueous workup of
the reaction mixtures produced by nitration of 1a re-
sulted, as in the case with solutions containing 3b,c, in

a vigorous reaction accompanied by evolution of carbon
dioxide and precipitation of 4a. This particular finding,
summarized in Scheme 1, and compounds 3a,c and 4a,c
were first presented by us in June 2000.15 Half of a year
later Boyle et al. described an analogous nitration of
2-amino-4,6-(3H,5H)-pyrimidinedione (1a) and 2-amino-
6-chloro-4(3H)-pyrimidinone, as well as compound 4a,
without mentioning our original work.16 Instead of mixed
acids these authors used solutions of potassium nitrate
in sulfuric acid, claiming that the latter system ensured
a more easily controlled course of nitration and higher
yields of gem-dinitrated products. Contrary to their
observations we found that the use of mixed acids gave
essentially the same results as the KNO3 solutions. This
is not too surprising since it is well-known that small
amounts of both HNO3 and KNO3 are converted quan-
titatively in concentrated sulfuric acid to nitronium
ions.17

Isolation of 3b,c in pure form made it possible to study
the properties and reactions of this type of compounds
in more detail with 3b as a typical representative. The
presence of the strongly electronegative gem-dinitro
group in the molecule rendered the adjacent carbonyl
carbon atoms extremely susceptible to various nucleo-
philes, which was demonstrated by the easy hydrolytic
ring cleavage during aqueous workup of the reaction
mixtures (vide supra).

The nature of the products formed in these reactions
was dependent on the reaction conditions used and the
character of the nucleophile.

Compounds 3b,c were demonstrated to dissolve readily
in cold water forming acidic solutions, from which on
standing carbon dioxide evolved resulting in the precipi-
tation of gem-dinitroacetylureas 4b and 4c. These com-
pounds are strong acids forming rather insoluble salts
on careful neutralization of their aqueous solutions (5b,c)
(Scheme 2). Treating 5b,c with potassium hydroxide
under more vigorous reaction conditions led to the
formation of potassium dinitromethanide (6) in high
yield.

Weak nucleophiles such as alcohols react smoothly
with 3b at ambient temperature forming derivatives of
the urethane (9), thus confirming that the reaction site
for the initial nucleophilic attack is the 4(6)-carbonyl

(13) Mints, E. S.; Golod, E. L.; Bagal, L. I. J. Org. Chem. USSR
1969, 5.

(14) Runge, J.; Treibs, W. J. Prakt. Chem. 1962, 4, 223-227.

(15) Latypov, V. N.; Langlet, A.; Wellmar, U.; Goede, P. 31st
International Annual Conference of ICT.

(16) Boyle, P. H.; Daly, K. M.; Leurquin, F.; Robinson, J. K.; Scully.
D. T. Tetrahedron Lett. 2001, 42, 1793-1795

(17) Reference 11, pp 97-98.
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carbon. Thiols proved to be too weak nucleophiles and
did not react with 3b, instead ring opening with water
was observed. Certain nucleophiles such as amines and
ammonia reacted violently with 3b and formed rather
complex mixtures of products, so that low temperature
and high dilution of reagents had to be used to achieve a
controlled course of the reaction. Under these conditions
pure products of the type 10 and 12 were isolated in
relatively high yields. The results are summarized in
Scheme 3.

It was found that these compounds were also liable to
nucleophilic attacks, though in this case more vigorous
reaction conditions were necessary (Scheme 3). In most
cases the reaction site was again the carbonyl carbon
adjacent to the gem-dinitro group with the latter acting
as a leaving group. The reaction products varied depend-
ing on the nature of the nucleophile used: reactions with
amines lead to formation of symmetrical (8) or unsym-
metrical triureas (7) and probably salts of dinitromethane
(as was indicated by UV spectroscopy of the mother
liquor). There was only one example of a nucleophilic
attack at the urea carbon. In the reaction of 12 with
morpholine 13 was formed; however, the reaction of 9
with ethanol gave 11.

Similar reactions of 5,5-disubstituted barbituric acids
were observed by Ziegler and Kappe while investigating
the properties of 5-chloro-5-nitrobarbituric acid (14). Thus
treating 14 with water led to evolution of carbon dioxide
and precipitation of chloronitroacetyl urea (15).18 Reac-
tion with other nucleophiles also resembles the behavior
of 3b, where the treatment of 14 with morpholine led
to isolation of the morpholinium salt of 1-(2-chloro-2-
nitroacetyl)-3-(morpholino-4-carbonyl)urea (16). It was of
interest to elucidate the structural configuration of the
rather unusual group of dinitroacetylureas 4a-c. As an
example, the potassium salt of 2,2-dinitroacetylurea (5b),

which easily forms suitable crystals, was investigated by
single-crystal X-ray diffraction methods.

The unit cell consists of two molecules, a and b, with
slightly different out of plane angles of one of the two
nitro groups present in each molecule as can be seen in
Figure 1. The entire unit cell, both a and b, is planar
and only one of the gem-dinitro groups in each molecule
is out of the plane. In molecule a this nitro group is
bent downward and in molecule b it is bent upward
(Figure 1). The geometries of the nitro groups are as
expected, having one shorter and one longer nitrogen-
oxygen bond, with bond distances varying between
1.23(1) and 1.26(1) Å.

The following bond distances are obtained for the
nitrogen, oxygen, and carbon atoms in the main chain of
the two molecules excluding the nitro group oxygen
atoms: N(4a)-C(3a)-O(4a)- -N(3a)-C(2a)-O(2a)- -C(1a)-
N(1a)- -N(2a) 1.30, 1.23, 1.41, 1.38, 1.23, 1.48, 1.39, and
1.41 Å with esd’s of 0.01 Å and N(4b)-C(3b)-O(4b)- -N(3b)-
C(2b)-O(2b)- -C(1b)-N(1b)- -N(2b) 1.34, 1.23, 1.40, 1.37,
1.23, 1.46, 1.40, and 1.41 Å with esd’s of 0.01 Å,
respectively. The bond angles around the carbon atoms
C(1)-C(3) all lie in the interval of 117-122°. The bond
distances and angles for the two molecules a and b
clearly indicate sp2-hybridization of the carbon. The
planar geometry of the gem-dinitroacetylurea ion is
stabilized by strong intramolecular hydrogen bonding.
Two of the three hydrogen atoms in each molecule are
participating in strong intramolecular hydrogen bonding
with the following donor-acceptor distances O(21a)-
N(3a) 2.64(1) Å, N(4a)-O(2a) 2.67(1) Å, O(21b)-N(3b)
2.67(1) Å, N(4b)-O(2b) 2.67(1) Å. The two hydrogen
bonds are both part of a six-membered intramolecular
ring conformation, stabilizing the planar configuration.

Additional evidence for the presence of hydrogen
bonding in the molecule came from the analyses of the
1H NMR spectrum of the potassium salt of 4b. Normally
one would expect two peaks in the 1H NMR spectrum,
instead three peaks were observed at room temperature
corresponding to the NH and NH2 groups. This made us
believe that one of the hydrogen atoms in the NH2 group
is participating in hydrogen bonding thus leading to
splitting of the NH2 peak. To verify this hypothesis
dynamic 1H NMR experiments were performed on the
salt with DMSO-d6 as solvent.

Variable-temperature 1H NMR measurements were
performed in the range from +25 to +75 °C. At each
temperature the sample was stabilized for a minimum
of 10 min.

A relatively high coalescence temperature (65 °C)
was observed for substance 6b when the NH-doublet at
7.5 ppm merged into a singlet at 7.0 ppm and a ∆ν )
145 Hz was observed at room temperature (298 K)
(Figure 2). From these figures the activation energy for(18) Ziegler, E.; Kappe, Th. Monatshefte 1964, 95, 1057-1060
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rotation (∆Gq) was calculated according to the Eyring
equation:25

where kc ) π∆ν/x2 and Tc ) 338 K. ∆Gq was found to be
equal to 16.0 kcal/mol, thus indicating the existence of
strong hydrogen bonding and hindered rotation around
C(3) and N(4). At elevated temperatures an additional
peak at ca. 8.1 ppm appears, which probably originates

from the anion of dinitromethane (6)16,19 produced by
partial hydrolysis of the substance.

Summary and Conclusions

gem-Dinitration in the heterocyclic ring of the pyrimi-
dinone series (barbituric acid, 1,3-dimethylbarbituric
acid, and 2-amino-4,6-dihydroxypyrimidine) was discov-
ered. The gem-dinitro compounds formed were easily
hydrolyzed to derivatives of gem-dinitroacetylurea and
gem-dinitroacetylguanidine, which could be further hy-
drolyzed to dinitromethane salts. Ring opening of gem-
dinitro pyrimidinones with nucleophiles gave new gem-
dinitroacetyl derivatives, while more forcing conditions
and strong nucleophiles gave symmetric or asymmetric
triurea compounds as well as salts of dinitromethane.
Hydrolysis of 5,5-dinitrobarbituric acid provides a new,
efficient, and safe method for the preparation of dinitro-
methane in comparison with other known methods.20-22

Experimental Section

NMR spectra were obtained on a Bruker Avance 400 or a
JEOL Eclipse+ 500. Infrared spectra were recorded with a
Perkin-Elmer 1600 FTIR. Melting points and decomposition
temperatures were recorded with a Mettler DSC 30. Elemental
analyses were carried out by H Kolbe Mikroanalytisches
Laboratorium, Mülheim an der Ruhr, Germany.

(19) Fedorov, Y. A.; Odokienko, S. S.; Selivanov, V. F. J. Appl. Chem.
USSR 1979, 52, 2201-2202.

(20) Grakauskas, V.; Guest, A. M. J. Org. Chem. 1978, 43, 3485-
3488 and references therein.

(21) Grakauskas, V. U.S. patent 4.233.250, 1979.
(22) Garver, L. C.; Grakauskas, V.; Baum, K. J. Org. Chem. 1985,

50, 1699-1702.

FIGURE 1. The molecular conformation and atom labeling of the gem-dinitroacetylurea ion. Molecule a on the left and b on the
right. The lower figure illustrates the planar geometry of the molecule and the different angle of one of the two nitro groups.

FIGURE 2. Partial variable-temperature 300-MHz 1H NMR
spectra recorded in DMSO-d6.

∆Gq
Tc

) 4.58Tc(10.32 + log Tc/kc) cal/mol
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Caution: The gem-dinitrocompounds described in this
paper are powerful and sensitive explosives and should be
handled with appropriate precautions. Employ all standard
energetic materials safety procedures in experiments involving
such substances. Crystallographic data (excluding structure
factors) for the structure in this paper have been deposited
with the Cambridge Crystallographic Data Centre as supple-
mentary publication number CCDC 143142. Copies of the data
can be obtained, free of charge, on application to CCDC, 12
Union Road, Cambridge, CB2 1EZ, UK. (fax: +44(0)-1223-
336033 or e-mail: deposit@ccdc.cam.ac.uk).

5,5-Dinitrobarbituric Acid (3b). To a mixture of barbi-
turic acid (1b) (12.8 g, 0.1 mol) dissolved in 95% sulfuric acid
(60 mL) was added fuming nitric acid (10 mL, 0.24 mol) while
the temperature was kept below 25 °C. The reaction mixture
was then heated to 45 °C for 4 h. The resulting precipitate
was filtered, washed with TFA, and dried, yielding 5,5-
dinitrobarbituric acid (3b) as a hemihydrate (21.3 g, 0.094 mol,
94%), 150 °C dec; IR (KBr) 3252(NH), 1745 (CdO), 1611 (Cd
O), 1580 C(NO2)2, 1378 C(NO2)2; 1H NMR (DMSO-d6) δ 11.03
br; 13C NMR (DMSO-d6) δ 113.5, 149.0, 155.1. Anal. Calcd for
C4H2N4O7‚1/2H2O: C, 21.16; H, 1.33; N, 24.67. Found: C, 21.11;
H, 1.23; N, 24.89.

1,3-Dimethyl-5,5-dinitropyrimidine-2,4,6-trione (3c).
N,N′-Dimethyldinitrobarbituric acid (1c) (3.9 g, 0.025 mol) was
added to sulfuric acid (78 mL, 95%), and nitric acid (2.3 mL,
0.055 mol) was added dropwise at 30 °C during 30 min. The
temperature was raised to 40 °C for 4.5 h. A white precipitate
was formed after 30 min. After standing at ambient temper-
ature for 3 h the precipitate was collected and washed with
TFA, yielding 1,3-dimethyl-5,5-dinitropyrimidine-2,4,6-trione
(3c) (4.8 g, 0.0195 mol, 78%); IR (KBr) 1715 (CdO), 1597
C(NO2)2, 1366 C(NO2)2; 1H NMR (DMSO-d6) δ 3.28; 13C NMR
(DMSO-d6) δ 154.14, 149.13, 107.73, 31.10; mp 178 °C. Anal.
Calcd for C6H6N4O7: C, 29.28; H, 2.46; N, 22.76. Found: C,
29.38; H, 2.51; N, 22.59.

gem-Dinitroacetylurea (4b). Dinitrobarbituric acid (3b)
(7.2 g, 0.032 mol) was dissolved at 10 °C in water (10 mL) and
kept at this temperature for 2 h; during this period gas
evolution was observed, which resulted in the precipitation of
a yellow solid. The solid was filtered and dried at 40 °C with
a color change from yellow to white to give 4b (5.5 g, 0.017
mol, 53%); 130 °C dec; IR (KBr) 3501 (CONH2), 3045 (CONH2),
1780 (CONH2), 1719 (CONH2), 1595 (C(NO2)2), 1356 (C(NO2)2);
1H NMR (CD3NO2) δ 9.4 (br s, 1H), 7.64 (br s, 1H), 5.94 ( br s,
1H). Anal. Calcd for C3H4N4O6: C, 18.75; H 2.08; N, 29.17.
Found: C, 18.78; H, 2.26; N, 29.14. It was not possible to obtain
a carbon-13 NMR of gem-dinitroacetylurea (4b) due to low
stability in solution.

Potassium gem-Dinitroacetylurea (5b). gem-Dinitro-
acetylurea (4b) (10 g, 0.052 mol) dissolved in water (50 mL)
was added dropwise to a solution of KOH (2.7 g, 0.05mol) in
50 mL of water while keeping the temperature at 10 °C. A
yellow precipitate was immediately formed, which was filtered
and dried. Yield 8.2 g (0.027 mol, 77%) of potassium gem-
dinitroacetylurea (5b); 160 °C dec; IR (KBr) 3418 (CONH2),
3335 (CONH2), 1728 (CONH2), 1635 (CONH2), 1580 (C(NO2)2),
1398 (C(NO2)2); 1H NMR (DMSO-d6) δ 10.44, 7.66, 7.21; 13C
NMR (DMSO-d6) δ 159.15, 154.90, 134.99. Anal. Calcd for
C3H3N4O6K: C, 15.65; H, 1.31; N, 24.34. Found: C, 15.46; H,
1.28; N, 24.22.

One-Pot Preparation of Potassium Salt of (2,2-Dinitro-
acetyl)urea (4b) from gem-Dinitrobarbituric Acid (3b).
5,5-Dinitrobarbituric acid (3b) (5 g, 0.022 mol) was added to
water (10 mL) at 10 °C and a solution of potassium hydroxide
(1.3 g, 0.023 mol) in water (5 mL) was added. Gas evolution
was observed. The temperature was raised to 25 °C for 30 min.
A yellow precipitate was formed. The precipitate was collected
and dried to yield the potassium salt of (2,2-dinitroacetyl)urea
(4b) as yellow crystals (3.2 g, 0.014 mol, 63%).

Potassium Salt of N,N-Dimethyl-gem-dinitroacetyl-
urea (5c). N,N-Dimethyl-gem-dinitrobarbituric acid (3c) (0.25

g, 0.001 mol) was added to a solution of potassium carbonate
(0.002 mol) in water (30 mL) and a pale yellow precipitate was
formed (0.19 g, 0.75 mmol, 75%). IR (KBr) 3428, 3024, 1687
(CdO), 1574 (C(NO2)2), 1334 (C(NO2)2); 1H NMR (DMSO-d6)
δ 8.73 (q, 1H, J ) 4.02), 3.38 (s, 3H), 2.76 (d, 3H, 4.02); 13C
NMR (DMSO-d6) δ 165.06, 155.67, 131.77, 31.73, 27.75; 190
°C dec, Anal. Calcd for C5H6N4O6K: C, 23.26; H, 2.73; N, 21.70.
Found: C, 23.37; H, 2.80; N, 21.64.

Potassium Dinitromethane (6). Potassium gem-dinitro-
acetylurea (5b) (10 g, 0.052 mol) was added to the solution of
KOH (12 g, 0.21 mol) in water (100 mL); the resulting mixture
was kept at 80 °C for 2 h and then cooled to room temperature.
The precipitate of potassium dinitromethane was filtered,
washed with 10-15 mL of cold water, and dried to give 6.2 g
(0.044 mol, 85%) of pure potassium dinitromethane (6), which
was identified by its decomposition temperature of 220 °C20

and UV spectroscopy (λmax ) 363 nm and ε ) 20 800);16,19

1H NMR (DMSO-d6) δ 8.16; 13C NMR (DMSO-d6) δ 123.66.
gem-Dinitroacetylguanidin (4a). 2-Aminopyrimidine-4,6-

dione (1a) (3.8 g, 0.018 mol) dissolved in concentrated sulfuric
acid (40 mL) was nitrated under conditions analogous to those
for 3b. After 2 h the reaction mixture was cooled to room
temperature and poured into cold water (200 mL); the dilution
was accompanied by evolution of carbon dioxide and precipita-
tion of a yellow solid, 4a (5.0 g, 0.016 mol, 88%); 150 °C dec;
IR (KBr) 3412 (CONH2), 1685 (CONH2), 1672 (CONH2), 1572
(C(NO2)2), 1371 (C(NO2)2); 1H NMR (DMSO-d6) δ 11.4 (br s,
1H), 8.8 (br s, 2H), 8.11 (br s, 2H); 13C NMR (DMSO-d6) δ
157.55, 155.75, 135.34. Anal. Calcd for C3H5N5O5: C, 18.85;
H, 2.62; N, 36.65. Found: C, 19.01; H, 2.60; N, 36.57.

Ammonium Salt of (2,2-Dinitroacetyl)biuret (10) and
Ureoidocarbonylurea (8). 5,5-Dinitrobarbituric acid (3b) (2
g, 0.009 mol) was added to ammonia (40 mL, 25%) at 5-10
°C. A yellow precipitate was formed. A sample was collected
and dried, yielding yellow crystals of the ammonium salt of
(2,2-dinitroacetyl)biuret (10) as a dihydrate; 94 °C dec; IR
(KBr) 3447 (NH4

+), 1742 (CONH2), 1510 (C(NO2)2), 1395
(C(NO2)2); 1H NMR (DMSO-d6) δ 11.04 (s, 1H), 10.06 (s, 1H),
7.35 (s, 2H), 7. 7 (s, 4H); 13C NMR (DMSO-d6) δ 158.88, 153.79,
152.37, 134.54. Anal. Calcd for C4H8N6O7‚2H2O: C, 16.67; H,
4.16; N, 29.16. Found: C, 16.37; H, 4.16; N, 29.16. The reaction
mixture was refluxed for 20 min and a white precipitate was
formed. The precipitate was collected, washed with ethanol,
and dried, yielding ureoidocarbonylurea (8) (0.32 g, 0.002 mol,
24%). Elemental analysis and spectroscopic data were in all
respects identical with data given in the literature.23

Morpholine Salt of 1-(2,2-Dinitroacetyl)-3-(morpho-
line-4-carbonyl)urea Complexed with 1 equiv of Mor-
pholine (12). 5,5-Dinitrobarbituric acid (3b) (1 g, 0.0045 mol)
was added to morpholine (30 mL) at 0-10 °C. After addition
the reaction mixture was heated to 30 °C for 10 min. Cooled
diisopropyl ether (30 mL) was added and a white precipitate
was formed. The precipitate was collected, washed with
ethanol, and dried, yielding the morpholine salt of 1-(2,2-
Dinitroacetyl)-3-(morpholine-4-carbonyl)urea (12) as a complex
with one molecule of morpholine (2.1 g, 0.0043 mol, 97%); 150
°C dec; IR (KBr) 3412 (R2NH2

+), 1737 (CdO), 1524 (C(NO2)2),
1398 (C(NO2)2); 1H NMR (DMSO-d6) δ 7.29 (br s, 4H, NH),
3.65 (t, 8H, CH2, J ) 5.0 Hz), 3.58 (t, 4H, CH2, J ) 5.0 Hz),
3.40 (t, 4H, J ) 5.0 Hz) 2.93 (t, 8H, CH2, J ) 5.0 Hz); 13C NMR
(DMSO-d6) δ 157.53, 151.82, 149.46, 133.92, 65.72, 64.80,
44.09. Anal. Calcd for C16H29N5O10: C, 40.08; H, 6.05; N, 20.45.
Found: C, 39.64; H, 6.08; N, 20.30.

1-(2,2-Dinitroacetyl)-3-(carbonyl ethyl ester)urea (9).
5,5-Dinitrobarbituric acid (3b) (2 g, 0.011 mol) was added to
ethanol (10 mL). The mixture was heated to 79 °C for 30 min
resulting in a yellow solution, which was concentrated to 5
mL; hexane (20 mL) was added to the solution and a yellow
precipitate was formed. The precipitate was collected and
dried, yielding 1-(2,2-dinitroacetyl)-3-(carbonyl ethyl ester)urea

(23) Haworth, R. C.; Mann, F. G. J. Chem. Soc. 1943, 603-606.
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(9) (1.3 g, 0,005 mol, 44%); 120 °C dec; IR (KBr) 3368
(CONH2R), 1702 (CdO), 1657 (CdO)1575 (C(NO2)2), 1238
(C(NO2)2); 1H NMR (DMSO-d6) δ 11.41 (s, 1H), 11.64 (s, 1H),
10.30 (br s, 1H), 4.14 (q, 2H, CH2, J ) 7.1 Hz), 1.22 (t, 3H,
CH3, J ) 7.1 Hz); 13C NMR (DMSO-d6) δ 157.48, 155.27,
149.55, 134.80, 62.72, 14.82. Anal. Calcd for C6H8N4O8: C,
27.28; H, 3.05; N, 48.46. Found: C, 27.64; H, 3.15; N, 20.96.

5,5-Dinitrobarbituric acid (3b) (4 g, 0.0183mol) was added
to ethanol (15 mL) and the mixture was refluxed for 40 min.
The yellow precipitate formed was filtered, washed with
petroleum ether, and dried, yielding 1-(2,2-dinitroacetyl)-3-
(carbonyl ethyl ester)urea (9) (4.12 g, 0.0156 mol, 85%).

Ethyl(aminocarbonyl)carbamat from 5,5-Dinitrobar-
bituric Acid (11). 5,5-Dinitrobarbituric acid (3b) (2 g, 0.011
mol) was added to ethanol (15 mL) at ambient temperature.
After 48 h a white precipitate was collected and characterized
as ethyl(aminocarbonyl)carbamate.24

Morpholine Salt of 1-(2-Chloro-2-nitroacetyl)-3-(mor-
pholino-4-carbonyl)urea (16). 5-Chloro-5-nitrobarbituric
acid (14) (2 g, 0.0097 mol) was added to morpholine with
cooling. The reaction mixture was refluxed for 15 min, yielding
pale red precipitate; dioxane was added (10 mL) and the
precipitate was collected. Recrystalization from dioxane (40
mL) gave 1-(2-chloro-2-nitroacetyl)-3-(morpholine-4-carbonyl)-
urea (16) as a morpholine salt (2.1 g, 0.0055 mol, 57%); 170
°C dec; IR (KBr) 3062 (R2NH2

+), 1742 (CdO2), 1636 (CdO);
1H NMR (DMSO-d6) δ 12.51 (s, 1H, NH), 11.11 (s, 1H, NH),
8.62 (br s, 2H, NH2), 3.75 (t, 4H, CH2, J ) 5.0 Hz), 3.60 (t, 4H,
CH2, J ) 5.0 Hz), 3.38 (t, 4H, CH2, J ) 5.0 Hz), 3.10 (t, 4H,
CH2, J ) 5.0 Hz); 13C NMR (DMSO-d6) δ 160.27, 150.87,
149.38, 108.85, 65.73, 65.37, 42.98. Anal. Calcd for C12H20-
ClN5O7: C, 37.75; H, 5.28; N, 18.34. Found: C, 37.45; H, 5.25;
N, 17.54.

1-(Morpholino-4-carbonyl)-3-(carbonyl ethyl ester)-
urea (7). 1-(2,2-Dinitroacetyl)-3-(carbonyl ethyl ester)urea
(9) (2 g, 0.0076 mol) was added to a solution of morpholine
(1.3 mL, 0.015 mol) in dioxane (11 mL). The reaction mixture
was refluxed for 30 min and a pale red precipitate was formed.
Recrystallization from dioxane (20 mL) and drying gave
1-(morpholin-4-carbonyl)-3-(carbonyl ethyl ester)urea (7) (0.5
g, 0.0017 mol, 23%) as white crystals; mp 180 °C; IR (KBr)
3262 (CONH2R), 1800 (CO2R), 1694 (CdO), 1657 (CdO); 1H
NMR (DMSO-d6) δ 10.96 (s, 1H, NH), 9.78 (s, 1H, NH), 4.12
(q, 2H, CH2, J ) 7.1 Hz), 3.57 (t, 4H, CH2, J ) 4.7 Hz), 3.41 (t,
4H, J ) 4.7 Hz), 1.21 (t, 3H, CH3, J ) 7.1 Hz); 13C NMR
(DMSO-d6) δ 153.17, 151.52, 149.36, 65.66, 61.38, 44.15, 14.08.
Anal. Calcd for C9H15N3O5: C, 44.08; H, 6.17; N, 17.13.
Found: C, 44.15; H, 5.80; N, 17.15.

Bis(morpholino-4-carbonyl)amide (13). 5,5-Dinitrobar-
bituric acid (3 g, 0.0135 mol) was added to morpholin (16.5
mL) at 0-10 °C. The reaction mixture was heated to reflux
for 1 h. On cooling an orange precipitate was formed. The
precipitate was collected and washed with n-heptane and
dioxane; recrystallization from dioxane (40 mL) gave bis-
(morpholin-4-carbonyl)amide (13) (1 g, 0.0046 mol, 34%) as
white needles; mp 180 °C; IR (KBr) 2975 (CH2), 1685 (CdO),
1651 (CdO) 1248 (CdO); 1H NMR (DMSO-d6) δ 8.60 (s, 1H,
NH), 3.54 (t, 8H, CH2, J ) 5.0 Hz), 3.32 (t, 8H, CH2, J ) 5.0
Hz); 13C NMR (DMSO-d6) δ 154.19, 66.91, 44.56. Anal. Calcd
for C10H17N3O3: C, 49.37; H, 7.04; N, 17.27. Found: C, 49.10;
H, 7.81; N, 17.18.
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Abstract

Nitration of barbituric acid at 40°C gave the previously unknown 5,5-dinitrobarbituric acid (3), which readily
underwent hydrolysis to dinitroacetylurea (5), which in turn could be hydrolysed in basic media to the potas-
sium salt of dinitromethane. Alloxane was prepared in a one step procedure by thermal decomposition of 5,5-
dinitrobarbituric acid in hot acetic acid. © 2000 Elsevier Science Ltd. All rights reserved.

Keywords:nitration; nitro compounds; nitrogen heterocycles.

Our interest in the formation ofgem-dinitrocompounds prepared by nitration of various azolones1,4

lead us to investigate the nitration of barbituric acid (1), a typical example of such molecules. Mono-
nitration of barbituric acid (1) in concentrated nitric acid with the formation of 5-nitro barbituric acid has
long been known.2,3,5 We have studied the nitration of barbituric acid (1) with nitric acid in concentrated
sulfuric acid and under these conditions the formation ofgem-dinitrated products was found to be
favourable. Thus the addition of 1 equivalent of nitric acid to a solution of barbituric acid (1) in sulfuric
acid at room temperature lead to quick formation of 5-nitrobarbituric acid in quantitative yield, which
was shown by comparing the UV spectrum of the quenched reaction solution with the corresponding
spectrum of an authentic sample (�max=320 nm,"=8600 l*mol�1). Addition of another equivalent of
nitric acid and increasing the temperature to 40°C lead to the appearance of a new maximum in the
UV spectrum (�max=358 nm). This maximum slowly increased in intensity and was accompanied by
precipitation of a white solid from the reaction medium.

Analysis of the product showed it to be the previously unknown 5,5-dinitrobarbituric acid (3). 1,3-
Dimethylbarbituric acid (2) behaved in the same way, forming 1,3-dimethyl-5,5-dinitrobarbituric acid
(4) (Scheme 1).

Thegem-dinitrated products were found to be extremely sensitive to several nucleophiles: e.g. reaction
with water at room temperature for both compounds lead to a quick hydrolysis with loss of carbon dioxide
and formation of the corresponding dinitroacetylureas (5 and6). This behaviour is reminiscent to that

� Corresponding authors.
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Scheme 1.

of 5-chloro-5-nitrobarbituric acid as described by Ziegler and Kappe6. The dinitroacetylureas formed
in the hydrolysis are strong acids which are rather soluble in water. In contrast many of their metal
salts have a relatively low solubility. Potassium salts of both dinitroacetylurea (7) and 1,3-dimethyl-5,5-
dinitroacetylurea (8) were prepared and characterised. We also found that dinitroacetylurea (7 and8) can
be further hydrolysed in basic media at elevated temperature (80–90°C) leading to the formation of salts
of dinitromethane (9), which provides a new efficient and safe method for making these compounds. The
overall yield of potassium dinitromethanide (9) obtained by this method is 80% from barbituric acid.

Unlike othergem-dinitroazolones1,4 5,5-dinitrobarbituric acid (3) is thermally relatively stable with
a decomposition temperature of around 150°C. Nonetheless, prolonged heating of (3) in boiling acetic
acid lead to the formation of alloxan (10) in 27% yield, in the presence of 5% acetic anhydride the yield
was increased to 38%. This thermal behaviour is analogous to that of 5-chloro-5-nitrobarbituric acid6

(Scheme 2).

Scheme 2.

All aspects of these reactions are under active investigation and will be published in due course.
Representative experimental procedure. Caution: All nitro compounds are explosives and should be

handled with appropriate precautions. Employ all standard energetic materials safety procedures in
experimental operations involving such substances.

Nitration of barbituric acid (1). To a mixture of barbituric acid (1) (12.8 g, 0.1 mol) dissolved in 95%
sulfuric acid (60 ml) was added fuming nitric acid (10 ml) while the temperature was kept below 25°C.
The reaction mixture was then heated to 45°C for 4 h. The resulting precipitate, was filtered, washed
with trifluoroacetic acid and dried, yielding 5,5-dinitrobarbituric acid (3) as a hemi hydrate (21.3 g,
0.094 mol, 94%), dec. temp. 150°C; IR (KBr): 3252 (NH), 1745 (C_O), 1611 (C_O), 1580 C(NO2)2,
1378 C(NO2)2; 1H NMR (DMSO-d6) � 11.03 broad;13C NMR (DMSO-d6) � 113.5, 149.0, 155.1. Anal.
calcd for C4H2N4O7*1/2 H2O: C, 21.16; H, 1.33; N, 24.67. Found: C, 21.11; H, 1.23; N, 24.89.
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All compounds prepared had spectroscopic properties consistent with the proposed structures.
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Abstract

Nitration of 4,6-dihydroxypyrimidine in sulphuric acid gave
nitroform as the sole product. This behaviour was tentatively
explained by the formation of an intermediate, 5,5-dinitro-4,6-
dihydroxypyrimidine, that underwent hydrolysis in the nitrating
acid to gem-dinitroacetyl formamidine. This compound was
further nitrated in the same reaction mixture to trinitroacetylfor-
mamidine which finally underwent hydrolytic cleavage to nitro-
form. It was also demonstrated that gem-dinitroacetyl ureas were
able to produce nitroform on nitration. The structures of the
proposed trinitroacetylureas were confirmed by the isolation of
one of their derivatives.

Keywords: Nitration, Nitroform, Explosive, Gem-Dinitro

1 Introduction

Nitroform is a valuable starting material for the produc-
tion of propellant and explosive components due to its high
oxygen content. The acidic hydrogen atom facilitates the
formation of derivatives, for example hydrazinium nitro-
formate (HNF), which is used as an oxidiser in, inter alia,
rocket propellants. HNF is also chlorine-free, a desired
property in modern propellant compositions [1, 2]. The gem-
dinitro group as a component in energetic molecules has

attracted considerable interest in recent years [3] and
several routes to molecules with a gem-dinitro functionality
have been studied [4 – 11]. One way to obtain such
molecules is to introduce a trinitro group (e.g. nitroform)
and subsequently reduce it to a gem-dinitro group [3].

We have recently studied the formation of gem-dinitro
derivatives during the nitration of 2-substituted 4,6-dihy-
droxypyrimidines and thus opened an easy route to different
gem-dinitro aliphatics [4]. It has been found now, that
nitration of unsubstituted 4,6-dihydroxypyrimidine (1) gave
nitroform, rather than the expected gem-dinitro derivative.

2 Results

In our previous work nitration of barbituric acid (2) and its
structural analogue 2-amino-4,6-dihydroxypyrimidine (7)
has been described [11]. Thus nitration of barbituric acid in
concentrated sulphuric acid with nitric acid as nitrating
agent gave 5,5-dinitrobarbituric acid (4) (Scheme 2).

The low solubility of 5,5-dinitrobarbituric acid (4) allowed
its separation in a pure form. Due to the close proximity of the
gem-dinitro fragment this compound (4) displayed an in-
creased reactivity of its carbonyl groups towards various
nucleophiles. Thus reaction of (4) with water led to a
nucleophilic attack at one of the carbonyl carbons, and
resulted in ring opening with the loss of carbon dioxide from
an intermediate resulting in the formation of gem-dinitro-
acetylurea (5). Under more vigorous conditions the second
active carbonyl group was attacked by the nucleophile leading
finally to the production of dinitromethane (6)(Scheme 3) [8].

* Corresponding author; e-mail: nikolaj.latypov@foi.se

Scheme 1. 4,6-Dihydroxypyrimidine

Scheme 2. Gem-dinitration of barbituric acid.
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Nitration of 2-amino-4,5-dihydroxypyrimidine (7) was
concluded to give essentially the same results, namely,
formation of 2-amino-5,5-dinitro-4,6-dihydroxypyrimidine
(9) was postulated, though (9) has never been isolated from
the nitrating mixtures used, presumably due to its high
solubility in concentrated sulphuric acid. The assumption
about the formation of (9), by analogy with the formation of
5,5-dinitro barbituric acid (4), was made on the basis of the
following observations: The high solubility of (9) necessi-
tated the use of aqueous work-up of the reaction mixtures
formed in the nitration of (7), this led to vigorous evolution
of carbon dioxide and precipitation of gem-dinitroacetyl-
guanidine (10). Moreover, UV-spectra of the samples taken
from reaction mixtures during nitration of (7) showed
exactly the same pattern as in the nitration of (2), namely:
with one equivalent of nitric acid an absorbance at
lmax ~330 nm, typical for mono-nitro compounds of this
type (easily isolated and characterised), was observed;
further amounts of nitric acid in the nitration mixtures led,
in both cases, to the replacement of this maximum by a new
one at lmax ~ 358 nm, which was assigned to the absorption of
the gem-dinitro containing compounds [8].

The suggested reaction sequence in the nitration of (7) is
summarised in Scheme 4.

As an extension of our previous work on the nitration of
5,5-dinitrobarbituric acid (4) and 2-amino-4,5-dihydroxy-
pyrimidine (7) we have now studied the nitration of 4,6-
dihydroxy-pyrimidine (1). It was found that 1 when treated
with an excess of nitric acid in sulphuric acid gave nitroform
(15) as the sole product and not the expected gem-dinitro
compounds (12, 13), which prompted us to study the
reaction in more detail and try to understand the reasons
for such behaviour.

In a separate experiment on nitration of (1) in concen-
trated sulphuric acid with one equivalent of nitric acid the
mono-nitro compound (11) could be isolated. This deriva-
tive was identified by comparison with an authentic sample,
produced by nitration of (1) in acetic-nitric acid mixtures
[12]. Addition of an additional equivalent of nitric acid to
solutions of (11) in sulphuric acid immediately caused slow
evolution of carbon dioxide from the reaction mixture,
coupled with decrease of the absorption at 332 nm, charac-
teristic for (11) and appearance of a new maximum in the
UV spectrum at ~350 nm. Aqueous work-up of the reaction
mixtures and extraction with chlorinated solvents after the
separation of unreacted (11) allowed isolation of nitroform
(15) (in form of its potassium salt) in 30% yield. Finally,
excess of nitric acid (3 – 4 moles per mole of 1) and

prolonged reaction time made nitroform the sole reaction
product.

The suggested explanation for the formation of nitroform
(15) is presented in Scheme 5. Nitration of 4,5-dihydrox-
ypyrimidine (1) produces first, as does the nitration of (2)
and (7), the 5-mononitro derivative (11), which is further
nitrated to a very unstable 5,5-dinitro compound (12). The
latter is reactive enough to be hydrolysed by the water
formed in the nitration, thus resulting in the evolution of
carbon dioxide. The gem-dinitro compound (13) formed in
the decarboxylation of (12) is nitrated further to form a
trinitroacetyl compound (14) which is even more easily
hydrolysed to yield nitroform (15) (Scheme 5).

These results raised the question of the possibility to
nitrate hydrolysed products of 5,5-dinitrobarbituric acid (4)
and gem-dinitroacetylguanidine (10) in the same manner,
since this would partly confirm the sequence of the reaction
steps proposed in Scheme 5. This was indeed shown to be the
case: nitration of both (5) and (10) in sulphuric acid followed
by aqueous workup and extraction of the reaction mixtures
produced nitroform (15) in yields around 80%. In some
experiments involving nitration of (5) the reaction mixtures

Scheme 3. Formation of dinitromethane from 5,5-dinitrobarbi-
turic acid.

Scheme 4. Formation of gem-dinitroacetylguanidine.

Scheme 5. Formation of nitroform from 4,6-dihydroxypyrimi-
dine.
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quenched with ice gave a small amount of an unstable white
precipitate, which decomposed during attempted isolation.
The nitration of (5) and (10) was thus assumed to proceed
via the unstable nitroform derivatives (16, 17) (Scheme 6).

In order to confirm the structure of the postulated 1,1,1-
trinitroacetyl compounds several unsuccessful attempts to
isolate products from the nitration mixtures were made.
Finally we were able to isolate one of the products, namely:
ethyl {[(trinitroacetyl)amino]}carbamate (19). This com-
pound was prepared by the nitration of ethyl {[(dinitroace-
tyl)amino]}carbamate (18) in concentrated sulphuric acid
(Scheme 7).

A small amount of this trinitro compound could be
extracted out of the nitration mixture and brought to
precipitation. The product was very sensitive to hydrolysis
thus precluding its characterisation by elemental analysis.
When running IR it was possible to see the decomposition in
the KBr tablet, from white to yellow (nitroform). The
compound was however, possible to analyse by both 1H and
13C NMR spectroscopy.

3 Discussion and Conclusions

Nitration of 4,6-dihydroxypyrimidine (1) gave nitroform
and not the expected 5,5-dinitro-4,6-dihydroxypyrimidine
(12). This behaviour was investigated and it was found that
when gem-dinitroacetylurea (5) and gem-dinitroguanidine
(10) were nitrated with nitric acid in sulphuric acid
trinitroacetylureas were formed. Most trinitro compounds
were too easily hydrolysed to be isolated. However, one
trinitroacetylurea compound was isolated and characterised
namely ethyl {[(trinitroacetyl)amino]}carbamate (19). The
nitration of “the acetyl substituted gem-dinitrogroup” is

analogous to the nitration of nitroform in sulphuric acid
which gives tetranitromethane [13, 14]. In our case one of
the electron withdrawing nitro groups in nitroform is
replaced with an electron withdrawing acetyl group. This
allows us to suggest the following: during the nitration of 4,6-
dihydroxypyrimidine (1) the gem-dinitro product formed
(most likely 5,5-dinitro-4,6-dihydroxypyrimidine(12)) is
hydrolysed in the nitration mixture yielding a gem- dini-
troacetyl compound that is immediately nitrated further to
give an unstable trinitro compound that will decompose to
nitroform.

The most well-known method for preparation of nitro-
form involes nitration of acetylene with nitric acid, using a
mercury catalyst. An industrial process according to this
method is described by A. Wetterholm [15]. The use of
acetylene gas as starting material requires specific measures
of precaution in the process, and the use of a mercury
catalyst has obvious drawbacks from an environmental
point of view. We believe that the nitration of 4,6-dihydrox-
ypyrimidine (1) is a convenient method to prepare nitro-
form with a potential for scale-up, as it is a one step nitration,
followed by extraction of nitroform directly from the
nitration mixture.

4 Experimental

NMR-spectra were obtained on a Bruker Avance 400.
Infrared spectra were recorded with a Perkin Elmer 1600
FTIR. Melting points and decomposition temperatures
were recorded with a Mettler DSC 30.

Caution: The gem-dinitro and trinitro compounds, de-
scribed in this paper are powerful and sensitive explosives
and should be handled with appropriate precautions.
Employ all standard energetic materials safety procedures
in experiments involving such substances.

4.1 Preparation of Nitroform (15) from Dinitroacetylurea
(5)

Dinitroacetylurea (3 g, 0.015 mol) was dissolved in sul-
phuric acid (20 ml, 95% concentration). Fuming nitric acid
(0.6 ml, 0.014 mol) was added. The reaction mixture was
kept at ambient temperature for 1 h. The reaction mixture
was poured onto crushed ice (77 g), heated to 50 8C for

Scheme 6. Formation of nitroform from gem-dinitroacetyl derivatives.

Scheme 7. Formation of a 1,1,1-trinitroacetyl compound.
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10 min and then extracted with methylene chloride (2�
125 ml). The yield of nitroform as determined by UV
samples diluted in water was 62%, lmax(H2O)¼ 350 nm (e¼
14500 dm3 mol�1 cm�1) [16].

4.2 Preparation of Nitroform (15) from the Potassium Salt
of Dinitroacetylurea (5)

Potassium dinitroacetyl urea (6.8 g, 0.029 mol) was dis-
solved in sulphuric acid (20 ml, 95% concentration). Con-
centrated nitric acid (1.4 ml, 0.034 mol) was added drop-
wise. The temperature was increased to 40 8C for 1 h,
whereupon the reaction mixture was poured onto crushed
ice (60 g) and then extracted with diethyl ether (2� 50 ml).
The ether phase was dried over sodium sulphate. Potassium
hydroxide dissolved in ethanol was added. A yellow
precipitate of potassium nitroform (4.6 g, 0.024 mol, 83%
yield) was obtained.

4.3 Preparation of Nitroform (15) from 4,6-
Dihydroxypyrimidine (1)

4,6-Dihydroxypyrimidine (4 g, 0,036 mol) was dissolved
in sulphuric acid (20 ml, 95% concentration). Concentrated
nitric acid was added (6 ml, 0.144 mol) while cooling with ice
and the mixture was then kept at ambient temperature for
12 h. The reaction mixture was poured onto crushed ice and
extracted with methylene chloride. Yield of nitroform was
60%, measured by UV spectroscopy.

4.4 Preparation of 5-Nitro-4,6-dihydroxypyrimidine (11)
and Nitroform (15) from 4,6-Dihydroxypyrimidine (1)

4,6-Dihydroxypyrimidine (4 g, 0.036 mol) was dissolved
in sulphuric acid (20 ml, 95% concentration). Concentrated
nitric acid (2 ml, 0.048 mol) was added dropwise during
4 min while the temperature was not allowed to exceed
19 8C. Dichloromethane (20ml) was added and the reaction
mixture was allowed to reach ambient temperature for 8 h.
The reaction mixture was poured on ice (50 g). A white
precipitate was collected washed with water (20 ml) and
dried to yield 5-nitro-4,6-dihydroxypyrimidine (2.29 g,
0.014 mol, 39%). The organic phase was analysed by UV
spectroscopy and found to contain nitroform (0.012 mole,
33%).

4.5 Preparation of Ethyl
{[(trinitroacetyl)amino]}carbamate (19) from Ethyl
{[(dinitroacetyl)amino]}carbamate (18).

Ethyl {[(dinitroacetyl)amino]}carbamate (3 g, 0.011 mol)
was dissolved in sulphuric acid (20 ml, 95%). Nitric acid
(0.6 ml, 0.014 mol) was added at 10 8C. Dichloromethane
was added (30 ml) and the reaction mixture was allowed to

stand at ambient temperature for 1.5 h. The organic phase
was removed and added to n-hexane (60 ml). The combined
organic phase was evaporated until a precipitate was formed
(300 mg, 0.001 mol, 9%).

Dec 163 8C,
IR (KBr): lmax (cm�1) 3224(NH), 1760(C¼O), 1716(C¼O),

1523 (NO2)
1H NMR (400 MHz, CDCl3, 25 8C) d¼ 8.53(s, 1H, NH);

7.28(s, 1H, NH); 4.40(q, 2H, CH2 J¼ 7.1); 1.44(t, 3H, CH3

J¼ 7.1)
13C NMR (100,5 MHz; DMSO-d6, 25 8C) d¼ 153.74,

152.14, 151.87, 119.61, 65.08, 14.25

4.6 Preparation of Nitroform (15) from
Dinitroacetylguanidine (10)

Dinitroacetylguanidine (1.68 g, 0,0088 mol) was dissolved
in sulphuric acid (10 ml). A sample was taken out and
dissolved in a dilute ammonia solution. An absorption
maximum was observed at 370 nm. Nitric acid (1.5 ml,
0.0351 mol) was added to the reaction mixture. The temper-
ature was kept at 40 8C for 2 h. By UV analysis it was found
that the peak at 370 nm had disappeared and a new peak at
349 nm had appeared. The reaction mixture was poured into
a mixture of crushed ice and water (48 g). The reaction
mixture was extracted with dichloromethane (3� 50 ml).
The combined organic phases were dried with sodium
sulphate. To produce the corresponding potassium salt a
solution of potassium hydroxide (0.7 g, 0.0125 mol) in
methanol (10 ml) was added. The yellow precipitate formed
was collected, dried and identified as potassium nitroform
(1.45 g, 0.00767 mol, 87%).
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