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ABSTRACT 

Review of more than sixteen routes for TNAZ synthesis is presented. The 

total yields of the most technologically attractive of thees does not exceed 30 % of 

theory. It is stated that TNAZ is highly energetic material more powerfid than 

RDX, which may be less vulnerable than most other nitramines, and which is 

suitable for applications as a castable explosive as well as a plasticizer. However, 

a relatively high vapour pressure, volume contraction and formation of shrinkage 

cavities in the solidification of its melt can be a minor disadvantage of TNAZ. 
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Nitramines continue to be a source of new explosives characterised by high 

energy content’”. One of the substances of this type that has been given attention 

in systematic and practical ways since 1990 is 1,3,3-trinitroazetidine (TNAZ)I4. 

Therefore, the following text presents a survey of syntheses and some important 

properties of this technologically interesting nitramine. 

1,3,3-Trinitroazetidine (TNAZ) was first prepared in 1983 at Fluorochem, 

Inc’. The open literature describes a number of its syntheses at the present. The 

survey is presented in Schemes 1 and 2. The individual procedures differ in using 

different starting materials, in the way of constructing the azetidine cycle, and the 

way of introducing nitro groups into the molecule. 

The base catalysed reaction of nitromethane with three molecules of 

formaldehyde produces tris(hydroxymethy1)nitromethane (l)’”, which reacts with 

another molecule of formaldehyde and with tert-butylamine to give 3-terr-butyl-5- 

hydroxymethyl-5-nitrotetrahydroitrotetrahydro-1,3-oxazine (2)9*10. Compound 2 is then heated 

in methanol with concentrated hydrogenchioride and provides a. linear product, 2- 

tert-butylaminomethyI-2-nitro- 1,3-propanediol hydrochloride (3)I0-l2, which is 

subsequently cyclised by applying diethyl azodicarboxylate (DEAD) and 

triphenylphosphine12 or diisopropyl azodicarboxylate (DIAD) and 
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triphenylphosphine'O.", and produces l-rerr-butyl-3-hydroxymethyl-3- 

nitroazetidine (4). This procedure introduces the first nitro group into the azetidine 

molecule as early as the ring closure stage. The second nitro group is introduced 

by oxidative nitrolysis of compound 4 using a mixture of sodium nitrite, 

potassium ferricyanide and sodium persulfate'o-'2. The product is 1 -tert-butyl-3,3- 

dinitroazetidine (5). Substance 5 is nitrolysed to TNAZ by a mixture of nitric acid 

and acetic anhydride13*", or a mixture of nitric acid, acetic anhydride, and 

ammonium 

Another ajtproach to azetidine cycle consists of a condensation reaction of 

epichlorhydrin with tert-butylamine The reaction produces 1 -rerr-butyl- 

azetidin-3-01 (6), which in a subsequent step undergoes a reaction with 

methanesulfonyl chloride to give 1 -rert-butyl-3-methanesulfonyloxyazetidin 

(7)". Substance 7 can be transformed into 4'* by reaction with formaldehyde and 

sodium nitrite, or it can provide l-rerr-butyl-3-nitroazetidine @)I3 by reaction with 

sodium nitrite. Compound 8 is then transformed into 513 by oxidative nitrationlgJo 

with silver nitrate and natrium nitrite, or with a mixture of sodium nitrite, 

potassium ferricyanide, and sodium persulfate. 

1-rert-Butylazetidin-3-01 (6) reacts with acetic anhydride to give I-acetyl- 

3-acetoxyazetidine (9)14, which is then nitrolysed with a mixture of ammonium 

nitrate and acetic anhydride, or with fuming nitric acid to give I-nitro-3- 

acetoxyazetidine (10)2's22. Compound 10 is subsequently hydrolysed and oxidised 
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with pyridinium chlorochromate (PCC) to give I-nitro-azetidin-3-one (1 l), which 

reacts with hydroxylamine to give 1 -nitro-azetidin-3-one oxime (12). Compound 

12 is submitted to oxidative nitration to TNAZ with a dinitrogen pentoxide in 

methylenedichloride or with fuming nitric acid2'.22. 

Another starting material for synthesis of TNAZ is 3-aminopropane-1,2- 

diol (13). Its reaction with p-toluenesulfonyl chloride and tert-butyldimethylsilyl 

chloride (r-BDMSCl) produces 3-p-toluenesulfonamido-2-rer~-butyldimethyl- 

silyloxy- 1 -(p-toluenesulfonyl)-oxypro-pane (14), which on cyclization induced by 

lithium hydride provides 1-@-toluenesulfonyl)-3-rerr-butyl&methylsilyloxy- 

azetidine (15)23*24. Compound 15 can alternatively be prepared from 1,3- 

dibromopropan-2-01 (16), which in reaction with rerr-butyldimethylsilyl chloride 

provides 1,3-dibromo-2-ter~-butyldimethylsilyloxy-propane (17). The reaction of 

compound 17 with p-toluenesulfonamide induces its ring closure to I-@- 

toluenesulfonyl)-3-ter~-butyldimethylsilyloxyazetidine Hydrolysis of 

compound 15 with acetic acid gives 1 -@-toluenesulfonyl)-azetidm-3-ol (18). 

Compound 18 can also be prepared from compound 9 by hydrolysis and a 

subsequent reaction with p-toluenesulfonyl chloride. Compound 18 is further 

oxidised with chromium(V1) oxide to give 1 -@-toluenesulfonyl)-azetidin-3-one 

(19)n*24. Compound 19 can be prepared alternatively by a reaction of N-@- 

toluenesulfonyl)-2-ainoacetyl chloride (20) with diazomethane and the 

subsequent ring closure of diazoketone 2123924. In the syntheses of compounds 18 
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and 19, it is also possible to adopt epichlorhydrin and benzhydryiamine as the 

starting materials. Their condensation leads to 1 -benzhydryl-azetidin-3-01 (22)25. 

Hydrogenolysis of compound 22 and the subsequent reaction of the intermediate 

with p-toluenesulfonyl chloride gives compound 18. Beside that, compound 22 

can be oxidised with chromium(V1) or pyridine sulphur trioxide 

complex26728 to give 1 -benzhydryl-azetidin-3-one (23). Hydrogenolysis of 

compound 23 and the subsequent reaction with p-toluenesulfonyl chloride 

produces compound 19, which in reaction with hydroxylamine gives 1-@- 

toluenesulfonyl)-azetidm-3-one oxime (24)2324,26. The latter compound (24) can 

be oxidatively nitrated and simultaneously nitrolysed with a mixture of nitric acid 

and dichloromethaneu, or with a mixture of nitric acid, ammonium nitrate, and 

dichlor~methane~~, to give TNAZ. The synthesis thus performed has the 

advantage in simultaneously (in one step) introducing all three nitro groups of 

"NU into the molecule of substituted azetidine. In a similar way, it is possible to 

prepare TNAZ if one starts with l-acetyl-3-acetoxyazetidine (9), which on 

alkaline hydrolysis and subsequent oxidation with pyridinium chlorochromate 

(PCC)2' or pyridinium dichomate (PDD)'* provides 1 -acetyi-azetidin-3-one (25), 

which reacts with hydroxylamine to give l-acetyl-~idin-3-one oxime (26). The 

latter compound (26) is simultaneously oxidatively nitrated and nitrolysed with 

dinitrogen pentoxide in dichloromethane or with nitric acid to give TNAZ2'. 

223 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
0
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



Another approach to synthesis of TNAZ is represented in Scheme 2. The 

reactions proceede via the bicyclic compounds 1 -azabicyclo[ 1.1 .O]butane (27) and 

l-aza-3-(bromomethyl)bicyclo[1.1 .O]butane (37). Compound 27 can be prepared 

as follows: (a) by reaction of :V-chlorosuccinimide (28) with al1ylamine2', (b) by 

bromination of 2-amino-l,3-propanediol(29) and bicyclisation of the intermediate 

1,3-dibromopropyl-2-amine hydrobromide (30)29930, (c) by chlorination of 1 -tert- 

butyl-azetidin-3-01 (6) to 1 -ferf-butyl-3-chloroazetidine (Sl), subsequent 

acetylation of compound 31 to 1-acetyl-3-chloroazetidine (32) and final 

bicyclisation of the latter compound (32) with potassium hydr~xide'~, or (d) by 

hydrolysis and subsequent bicyclisation of 1 -acetyl-3-acetoxyazetidine (9)14. 1 - 

Azabicyclo[l.l .O]butane (27) then reacts with sodium nitrite to give l-nitroso-3- 

nitroazetidine (33) whose nitrolysis with a mixture of nitric acid and 

trifluoroacetic anhydride leads to 1J-dinitroazetidine (34); its oxidative nitration 

provides TNAZ29J0. The starting material for l-aza-3- 

(bromomethyl)bicyclo[ 1.1 .O]butane (37) is rris(methylo1)aminomethane (35) 

whose bromination in acid medium gives rris(bromomethy1)aminomethane 

hydrobromide (36). The bicyclisation of compound 36 produces l-aza-3- 

(bromomethyl)bicyclo[ 1.1 .O]butane (37). Compound 37 (in analogy to 27) is 

transformed to TNAZ30 by reaction with sodium nitrite giving l-nitroso-3- 

bromomethyl-3-nitroaetidine (38) whose nitrolysis gives 3-bromomethyl-1,3- 

dinitroazetidine (39), which is hydrblysed to 3-hydroxymethyl- 1,3-dinitroazetidine 

(40). Oxidative nitrolysis of compound 40 provides TNAZ. 
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SCHEME 2 

Notes to schemes 1 and 2: 

Ac -ace@ 
t-Bu - tert-butyl 
t-BDMSCl - krt-butyldimethylsilylchloride 
DEAD - diethylazodicarboxylate 
DIAD - diisopropylazodicarboxylate 
Me - methyl 

PCC - pyridinium chlorochromate 
PDD - pyridinium dichromate 
Ph - phenyl 
p-Ts - ptoluensulfonylchlonde 
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The procedure starting from nitromethane and formaldehyde'o*'2, in which 

the problems of recycling of raw materials and of waste water" have been solved, 

and partially also the procedure starting from epichlorhydrin and terl-butylamin 

via compound 4'* are applicable on technological scale. The overall yields in most 

cases, however, do not exceed 30 % of theory6*" even if 57 % theory is indicated 

in the one case". Other procedures are only applicable to laboratory syntheses 

because of their lower yields and the processes involved are inapplicable on 

laboratory scale. 

The price of the laboratory prepared products is currently about of $5,- per 

gram6 at the present. This is so far the greatest drawback to large scale 

implementation of TNAZ in military systems. However, the activities continue in 

the search for an altemative production of TNAZ that would substantially reduce 

manufacturing cost. 

1,3 12,3-Trinitroazetidine is white crystalline solid, soluble in acetone, 

methanol, ethanol, tetrachloromethane, and cyc l~hexanone '~~~ '~~~ .  A survey of its 

physico-chemical characteristics is presented in Table 1. TNAZ has a relatively 

high vapour pressureM. The solidification of its melt is accompanied by high 
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volume contraction4' and formation of shrinkage cavities (10 - 12% porosity)44. 

These excessive vapour pressure and charge porosity can be reduced by addition 

an effective amount of N-methyl-4-nitroaniline to a melt TNAZJ4. 

The bond length and bond angle values of TNAZ were specified by means 

of X-ray analy~is"'~: N-N bond length in nitramino group is 0.1351 run, the C- 

NO2 bond lengths at position 3 are not equivalent (0.15 17 nm and 0.1493 nm); the 

bond angles C-C-C (90.3'), C-N(aza)-C (95.1'), and N(aza)-C-C (86.5' and 

86.6') of azetidine ring are considerably The substance exists in two 

crystal  modification^^^^": TNAZ I stable and with higher density, and TNAZ I1 

unstable and with lower density. The crystals of required size can be obtained by 

crystallisation from saturated TNAZ solutions using an ~l t ra-centr i fuge~~*~~ which 

Melting point ('C) 

simultaneously minimises formation of defects in the crystals. 

TABLE 1 : Survey of the basic physico-chemical properties of TNAZ 

1522 at 120 'C 41 
97.27, 98.68, 99.3, 99.45, 99.7, 33,35,36,4,2,37,39 
101 6,38 

property 
Density (kg.m-3) 

melting range 99.0-99.7 39 
Boiling point ('C) 252 40 
Heat of melting 30.3 1 39 
(kJ.moP) 28.35 6 
Heat of sublition 63.22 38,40,42 
, ~ . m o i " )  
Heatofformation 8.79, 11.76, 26.81, 27.66, 36.4 4,4,36,37,43 
W.rnoP) 

Value 

1554 at 105 O C  

1830- 1840 
Ref. 

3 9 5  

41 
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TNAZ forms eutectic mixtures with some energetic materials; a survey is 

given in Table 2. Admixtures of TNAZ with TNT enables to attain any aimed 

performances by "single explosive'". The literature also presents information 

about the molecular complexes of TNAZ with ~ - ~ y c l o d e x t r i n ~ ~ ~ '  and with 

ammonium and sodium salts of dinitraminic acid4*. 

TABLE 2: Eutectic mixtures of TNAZ 

Lyl)-azetidine 1 I 1 I I 

The pubiished IR spectra of TNAZ obtained by the KBr disc t e ~ h n i q u e ~ . ~ ~  

show distinct signals in the fingerprint area, the C-H and N4N02 vibrations 

being clearly identifiable. The occurrence of weak C-H signals in the IR spectrum 

above 3000 cm-I is connected with the heterocyclic ring strain h wm6. 
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The singlet in the ‘H NMR spectrum at 5.30 pprn (according to Ref. 6) and 

at 5.39 ppm (according to Ref. 50) was specified for the chemically and 

magnetically equivalent protons in TNAZ molecule. The carbon atoms at the 2 

and 4 positions of azetidine cycle show a 13C NMR chemical shift of 63.5 ppm 

(according to Ref. 6) or 64.0 ppm (according to Ref. SO), and the carbon atom at 3 

position shows a shift of 104 ppm6 or 104.2 ppmS0. The ”N NMR spectrum of 

TNAZ” exhibits the chemical shifts of nitrogen atoms of 3-nitro groups at -16.7 

ppm and those of nitramino group at -20.5 ppm; the aza nitrogen atom of 

azetidine cycle exhibits the shift value of -228.7 ppmSo. 

Mass spectral fragmentation of TNAZ” shows that its major pathways 

involve the loss of NO2 or nitrous acid from the dinitrornethylene group followed 

by a loss of nitro group or NO from the nitramine grouping. The peak at m/z 46, 

IJ’+JO2]’ (the base peak), resulted primarily from N-N bond scission and the peak at 

m/z 30, WO]’, was equally likely to come from any nitro group. 

The X-ray diffraction of TNAZ within the temperature interval from -70 

to 100 O C  forms a part of paper6. The parameters of crystal lattice determined on 

its basis are identical with the data published 

The literature states that TNAZ is thermally more stable than RDX (i. e. 

1,3,5-tnnitro-l,3,5-perhydrotnazine), but more reactive than HMX496.29 (i. e. 
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I ,3,5,7-tetranitro-l,3,5,7-perhydrotetraocine). Several papers deal with studies of 

kinetics and mechanism of thermal decomposition of TNAZ in gas p h a ~ e ~ ~ . ’ ~ * j ~ ,  

liquid phase6*39J6*57, in 0.01 - 1.0 % solutions in benzene, water, acetone, 

methan~l’~’~’, and by means of SCF-MO-AM1  calculation^^^. An attention was 

also paid to laser-induced pyrolysis of TNAZ6’ and to main intermediate of 

TNAZ thermal decomp~sition~’~~~. Results of vacuum stability test of pure TNAZ 

and some its mixtures with HNIW and HMX are a part of paper4‘. As the 

reactivity is very important for practical exploitation of TNAZ, it will be 

evaluated in the second part of this paper6’. 

The sensitivity to thermal, mechanical and electric stimuli can be 

documented by the critical temperatm T,, by the shock sensitivity (as the fall 

height hsw and energy E& determined in the sense of Ref. 62) and electric spark 

sensitivity (the spark energy EES determined in the sense of Ref. 63). A survey of 

the respective values for TNAZ in comparison with those of some important 

explosives is presented in Table 3. 

In the slow and fast cook-off tests, the detonations of TNAZ were recorded 

in the temperature range of 198 - 214 0C73. The sensitivity of TNAZ to friction 

(8.9 - 11.6 kg)4 is comparable with the sensitivity of HMX (1 1.6 kg)4. hw 

TNAZ is more shock-sensitive than the explosives based on HMX but less 
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sensitive than analogous PETN (i. e. pentaerythritol tetranitrate)  mixture^'^. ~n 

addition of 5 - 25 % wt. nitroaromatic mine (preferably N-methyl-p-nitroaniline) 

to TNAZ can reduce the shock sensitivity of its cast mixtures44, due to the 

favourable influence of the additive on TNAZ nucleation in its melt solidification. 

The ionisation potential of TNAZ (10.36 eV) and that of its N-nitroso analogue 

NDNAZ (9.52 eV) are known t00'~. 

TABLE 3: Survey of the critical temperatures T,, sensitivities to impact ( h 5 ~  and 

Eb) and electric spark (EEs) of TNAZ and technologically attractive 

explosives. 

Notes: 

a) the value given by the producer, i. e. CHEMKO, SK-072 22 StrZske, Slovakia, 
b) determined with a 5 kg hammer 
c) determined by means of DSC 
d) calculated from the first maximum T, of exotennic DTA curve by means of a 

calibration curve of "Tc-T,,," from Ref. 64 
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Composition C-4 a plastic explosive containing of 9 1 % wt. RDX 
TNT: 2,4,6-trinitrotoluene 
TETRYL: I-methylnieamino-2,4,dtrinitrobenzene 
PETN: penterythritol tetranitrate 
RDX: I ,3,5-trinitro-l,3,5-perhydrotriazine 
HMX 1,3,5,7-tetranitro- 1,3,5,7-perhydrotetramcine 
HNIW: 2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaisowrtzitane 

sive Prooer& 

The results of detonation calorimetry indicate that TNAZ possesses 96% 

of HMX energy and 150% of TNT energy4. It is suitable for application as 

castable explosive6. As an ingredient in solid rocket and gun propellants can be 

comparable with that of HNIw6. A survey of explosive characteristics of TNAZ 

Compared With those of some other important explosives is given in Table 4. Here 

the values of detonation velocity, Ddd., maximum heat of detonation, Q-, 

detonation pressure, PCJ, and volume of gaseous products were calculated by 

EXPLOS computer code” using the foilowing constants in BKW equation of 

state!*o: a = 0.5, f3 = 0.176, K = 14.71 and kl = 6620. As the Table 4 shows, the 

TNAZ detonation products are relatively hot, making it attractive as an ingredient 

in composite explosives4. 

Analvtrcal 

An excellent method of qualitative and quantitative analysis of TNAZ 

and/or the compositions that contain TNAZ is HPLC76377 with the detection limit 

below 5 ng77. Micellar electrokinetic capillary chromatography (MECC) has also 
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been used for these purp~ses’~. The above-mentioned spectral  method^^.^^." have 

been used mainly for analyses of the molecular structure of TNAZ. 

CONCLUSION 

More than sixteen routes are published for synthesis of 1,3,3- 

trinitroazetidine (TNAZ) in the open literature. However, only the procedure 

starting from nitromethane and formaldehyde6*103“, and partially also the 

procedure starting from epichlorhydrin and rerr-butylamin via 1 -rerr-butyl-3- 

hydroxymethy1-3-Ntroa~etidine~~, are applicable on technological scale. Overall 

yields of the common syntheses of TNAZ in most cases do not exceed 30 % of 

theory at the present, even if 57 % of theory was indicated in the one case”. 

Therefore, the total costs ofthese syntheses are still 

Relatively small molecule of TNAZ, deformation of its skel&n3-” 

together with its energy content, bring some advantages, but also some problems. 

It is, above all, a highly energetic material, slightly more powerful than RDX, 

possessing 150 % energy of TNT‘. Unlike most nitramines, it may be less 

vulnerable and is able for application as a castable explosive as well as a 

plasticizer. A relatively high vapour pressure&, volume contraction4’ and 

formation of shrinkage cavitiesa in the solidification of its melt can be the minor 

disadvantages of TNAZ. These undesirable manifestations can be, however, 
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reduced by addition of an effective amount of nitro-substituted aromatic mine  to 

a melt T N A Z ~ .  
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