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SYNTHESIS AND SPEXJTRA OF SOME 'H-, "C-, and "N-LABELED 

NITRATE 
ISOMERS OF 1,3,3-TRINITROAZETIDINE AND 3,3-DINITROAZETIDINIUM 

Michzlcl D. Coburn and Mchacl A. Hiskcy 
University of California, LQS Alamas National Laboratory 

Los Alamos, NM 87545 

Jimmic C. Oxlcy, Jamcs L. Smith, Wciyi Zhcng, and Evan Rogcrs 
University of Rhode Island 

Kingston, RI 02881 

ABSTRACT 

The title compounds were synthesized by utilizing appropriately labeled 

starting matcrials and rcagents according to literaturc procedures.'*' Thc products 

werc characknLed by NMR and mass spectral analysis. Unequivocal assignments 

of all NMR chemical shifts of the unlabeled title compounds and their intermediate 

prccursols wcrc lacilitatcd by thc NMR speclra of lhc labclcd compounds along 

with carbon-hydrogen conelation experiments. 

INTRODUCTION 

The original synthesis of lA3-trinitrozrzetidine (TNAZ) was reporled in 

1990: howcvcr, the rccent development and scale-up of a new, more economical 

process' has made this material a viable candidate for some m e i t a t  explosive 

applications hat require performance greater than Uiat of existing TNT-bassd 

cxplosivcs. Our ongoing study of thc thermal dccomposition rncchanisms of 
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cnergetic materials required the synthesis of certain 'H-, "C-, and "N-labeled 

isomcrs of TNAZ and 3,3-dinitn>azctidinium nitrate, a new high-performance, 

water soluble explosive.2 

DISCUSSION 

Svnthesis 

Thc synthcsis roulcs to the title compounds wcre adapted from litcrature 

procedures"' (SCHEME 1). Thus, formaldehyde was treated with nilromethane in 

thc prcscncc of a catalytic amount of sodium hydroxidc to give a solution of 

tris(hydroxymethy1)nitromethane (l), which reacted with 1-butylamine and another 

molecule of formaldehyde to yield,3-~-butyl-5hydroxymethyl-5nitroktrahydro- 

19-oxazine (2). Addition of 2 to a stoichiometric amount of hydrochloric acid in 

melhanol effecled cleavage of the ring with elimination of formddchydc to give 2-1- 

butylaminomethyl-2-niitro- 1,3-propanediol hydrochloride (3). 'The Mitsunobu 

reaction of 3 with di-i-propyl azodicarboxylate (DIAD) and triphenylphosphine 

(TPP) in Zbutanone provided l-~-butyl-3-hydroxymethy1-3-nitroazetidinc 

hydrochloride (4). Treatment of a solution of 4 with sodium hydroxide ncutralid 

the hydrochloric acid and deformylated the molecule to produce a solution of the 

sodium salt of l-l-butyl-3-nitroaz~tidine (5), which was oxidatively nitrated with 

sodium nitrite, potassium femcyanide, and sodium persulfate to 1-l-butyl-3.3- 

dinitroazctidine (6), a common intermediate to both title compounds. Nitrolysis of 

l-~-butyl-3,3-dinitroazetidinium nitrate (7) with ammonium nitrate in acetic 

anhydride gave 1.33-trinitroazetidine (TNAZ) (8). Methyl chloroformate reacted 

with 6 to produce l-methoxycarbonyl-3,3-dinitroazetidine (9), which was easily 

SapOniIied to a solution of sodium 3,3-dinitroazetidine-l-carboxylate (1 0). 
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Treatment of 10 with nitric acid caused immediate dccarboxylation to givc 3.3- 

dinitrouctidinium nihte (1 1). Although unnecessary in the synlhcsis of 8 and 

SCHEME 1 

Synlhcsis of 1,3,3-Trinitroazetidine and 3,3-Dinitroazetidinium Nilrate 

1 2 

3 4 

a 10 11 
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1 1, a sample of l-~-butyl-3-hydroxymethyl-3-N~tidmc (1 2) was obtained for 

NMR studies by treatment of 4 with an equivalent amount of sodium carbonate. 

02NKoH N *HCI t%CO,) O Z N K O H  N 

I 
1-BU 

4 

I 
1-BU 

1 2  

Thc usc of formaldchydc-d, and deutexated solvents in thc rcactions of 

SCHEME 1 produccd isolated quantities of 3-f-butyl-5-hydroxymethyl-d3-5 

nitrotctmhydro- 1,3-oxazinc-d6 (2a), 2-~-butylamino-d-mcthyl-d~-ni~o- 1,3- 

propancdiol-d, dcukriochioride (34, 1-t-butyl-3-hydroxymelhyl-d3-3- 

nitmaztidinc-4 dcuteriochloride (4a), 1 -t- butyl-3 3dinitroazctidined4 (6 a), 1 -1- 

b u t y l - 3 , 3 - d i n i t d ~ n i ~ - d ,  nitrate (74, 1,3,3-trinitroazctidine-d, (8a), 1- 

methoxycarbonyl-39-dinitraazctidine-d, (9a). and 3,3-dinitroazctidinium-d, nitrate 

(1 1 a). The formation of 2a was found to be much slowcr than that of 2, but thc 

yield was good. Howevcr, thc dcuterium isotope effcct not only slowcd thc 

dcformylativc cleavage of thc hydrochloride of 2a, but enhanccd decomposition 

sidc-rcactions to rcsult in a much lower yicld of 3a than that obtaincd for 3. Thc 

yiclds of 4a, 621, and 8a were c o m p b l s  to thosc oblaincd for 4,6,  and 8 ;  

howcvcr, thc yiclds of 9a and 1 1 a werc much lowcr than those obtaincd for 9 and 

11. 

b 

By starting with nitromelhane-”C, 3-~-butyl-5hydroxymethyl-5 

nitrotetrahydro-l3-o~azine-S-’~C (2 b), 2-~-butylaminomethyl-2-nitro-1,3- 

propanedlol-2-l3C hydrochloride (3 b), l-_t-butyl-3-hydroxymethyl-3-nitroazetidine- 

3-13C hydrochloride (4b), and 1-1-b~tyl-3,3-dinitroazetidinc-3-’~C (6b) wcrc 

76 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



produced in good yields. Treatment of 6 b with nitric acid and ni~ic-’~N acid 

produced l-~-buty1-33-dinitr~tidini~m-3-’~C nitrate (7 b) and l-1-butyl-33- 

d i ~ ~ t i d i n i ~ m - 3 - ’ ~ C  nitrate-”N (7c), respectively. Nitrolysis of 7b with 

ammonium nitrate in acetic anhydride gave 133-~initroa~etidine3-’~C (8 b) in 

good yield. Similar treatment of 7 c with ammonium nit~ak-’~N in acetic anhydride 

gave a good yield of 39-dinitro-l-nitro-”N-azetidine-3-”C (8~) .  Conversion of 

6b to l-methoxycarbonyl-3,3-dinitroa~etidine3-’~C (9b) and that Of 9b to 33- 

dinitmz.etidinium-3-”C nitrate-”N (1 1 b) were accomplished in fair yields. 

When nitromethane-’% was employed, 3-_t-butyl-lhydroxymethyl-5-nitro- 

”‘N-tetrahydr0-13-oxazine (2c), 2-~-b~tylaminomethyi-2-nitro-~~N- 13- 

propanediol hydrochloride (3 c), and l-_t-butyl-3-hydroxyrnethyl-3-nitro-’5N- 

azetidine hydrochloride (4c) were obtained in good yields. Deformylation of 4c 

followed by oxidative nitration using sodium nitrite-*’N produced a fair yield 1-1- 

butyI-39-dinitro-l5N,azetidine (6c). which was treated with nitric-”N acid to give 

l - ~ b ~ t y l - 3 3 - d i n i t - ’ ~ N ~ - ~ t i d i ~ u m  nitrate-”N (7d). Nitrolysis of 7d wilh 

ammonium nitrate-”N in acetic anhydride gave 1,3,3-trinitro-’%I3-azetidine (8d) in 

good yield. Treatment of 6c with methyl chloroformatc gave a good yield to 1- 

melho~ycarbonyi-3~dinitro-’~N~-azetidine (9c). which was convcrtcd to 33- 

dinitro-’SN,-azetidiniium nit~ate-’~N (1 l c )  in fair yield. 

Deformylation of 4 followed by oxidative nitration using sodium nitrite-”N 

produced l-~-b~tyl-3~-dinitro-’~N,-azetidine (6d), which was treated with nitric 

acid and nitric-”N acid to give l-~-b~tyl-3,3-dinitro-’~~~--azetidinium nitrate (7e) 

and 1-t-butyl-39-dinitro-’’NI-azetidinium nimte-”N (7 f), respectively. Nitrolysis 

of 7e with ammonium nitrate in acetic anhydride gave 33-dinitr0-’~N,-l- 

nilroazetidine (8e) in good yield, Similarly, a good yield of 3,3dinitr0-~~N~-l-  

77 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



nitm'sN-azetidine (89 was obtained by nitrolysis of 7 f with ammonium nitrate- 

"N in acetic anhydride. Treatment of 6d with methyl chlorofonnate gave a good 

yield of l-rnetho~ycarbonyl-3~-dinitro-'~N,-~ti~ne (9d), which was converted 

to 3,3-dinitro-"N,-azetidinium nitmte (1 ld) in fair yield. Treatment of 6 with 

nitric-"N acid gave l-~-butyl-3,3-diNtroazetidinium nitrate-'% (7 g), which was 

n i t r o l y d  with ammonium nitrate-"N in acetic anhydride to 3,3-dinitro-l-nitro- 

"N-ustidine (8 g). 

NMR Suectra 

The 'H-NMR spectrum of 2 is very complex in that all the ring protons are 

non-equivalent because the pbutyl group freezes the compound in a single chair 

conformation, as shown below. Dipole moment measurements of a series of 

substi tukd 5-nitrotetrahydro-l,3-oxazincs, including 3-~-butyl-5mcthyl-5- 

nitrotetrahydro-l,3-oxazine, compared with calculated values indicate that the nitro 

group is axial in every example? 

Ha 

2 

The spectra of the labeled compounds 2a-c in conjunction with a carbon-hydrogen 

correlation study and the gem-'H coupling constants have allowed u n e q u i v d  

assignment of all the 'H and 13C chemical shifts (TABLE 1). The I3C-NMR 

spcctrum of 2a shows that thc shifts at 26.1 ppm and 52.2 ppm, which arc not 

couplcd to *H, are from thc 1-butyl carbons. In the "C-NMR spcctrum of 2b, thc 
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‘JC-labeled carbon-5 (89.2 ppm) couples with the hydroxymethyl carbon (63.9 

ppm, 38 Hz), carbon4 (48.6 ppm, 39 Hz), and carbon-6 (67.9 ppm, 40 Hz), but 

not carbon-2 (80.7 ppm). Suqxisingly, the central 1-butyl carbon of 2b at 52.2 

ppm was also split by the 5I3C (3 Hz). The assignment of the 48.6 ppm shift to 

carbon4 is bascd upon the similarity of this shift to other mctbylenc carbons 

between a pmtonated 1-butylamim group and carbon substituted with nitro and 

hydroxymcthyl groups, such as 3 (43.7 ppm) and 4 (53.3 ppm). In addition, 

carbon-6 would be expected to be deshielded more by its adjacent oxygen than 

carbon4 by its adjacent nitrogen. As expected, the niiro-”N in 2 e  couplcs with 

carbon-5. However, the observations that the ”C-labeled carbon-5 in 2b couplcs 

only with the equatorial proton at 3.60 ppm on carbon4 and that the nitro-”N in 2c  

couples only with the axial proton at 2.62 ppm on carbon4 are not understood. 

Compound 3, as illustrated below, is prochiml and thus, the gem protons 

on the hydroxymcthyl groups arc non-equivalent and split cach othcr by 12 Hz 

(TABLE2). 

Hbw H 

3 

As expected, all the methylene carbons in the 13C-NMR spectrum of 3a were split 

into penlets and the 13C-labeled carbon-2 of 3b coupled with all methylene carbons 

and also the central 1-butyl carbon in the ”C-NMR spectrum. The ‘H-NMR 

spectrum of 3 b showed coupling of the ”C-labeled carbon-:! with the 1- 

butylaminomcthyicnc protons at 3.86 ppm (3 Hz) and the hydroxymcthyl prolons at 
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4.22 ppm (3 Hz), but not the hydroxymethyl protons at 3.99 ppm. In contrasl, the 

'H-NMR spectrum of 3 c showed coupling of '% with the 1-butylaminomcthylene 

protons at 3.86 ppm (3 Hz) and the hydroxymethyl protons at 3.99 ppm (4 Hc), 

but not the hydroxymethyl protons at 4.21 ppm. 

The mcthylene protons of the azetidinc ring and the hydroxymcthyl group of 

4 appear in the 'H-NMR spectrum at 25°C as very broad singlets, but at 80°C the 

axtidinc xing protons b r n c  two doublets (J = 12 k) and the hydroxymcthyl 

protons are a sharp singlet (TABLE 3). The 'H-NMR spcctrurn or 4b at &o"C 

showed coupling of thc 13C-labcled carbon-3 with the hydroxymethylene protons at 

4.75 pprn (2 Hz) and the azctidinc ring protons at 5.29 ppm (5 Hz), but not thc 

mtidinc ring protons at 5.04 pprn. In contrast, the 'H-NMR spcctrum of 4c at 

80°C showed coupling of "N with the hydroxymethylene protons at 4.75 ppm (3 

Hz) and thc azctidinc ring protons at 5.04 pprn (2 Hz), but not thc azctidinc ring 

protons at 5.29 ppm. At 25"C, carbon-3 appeared as two distinct broad shifts at 

80.2 ppm and 83.1 ppm in the "C-NMR spcctrum of a concentrated solution of 4 

and at 80.0 pprn and 82.8 ppm in the "C-NMR spectrum of a &lute solution of 4 b. 

At 8O"C, thc two carbon3 shifts of 4 and 4b collapsed to broad singlcts at 82.2 

ppm and 82.1 ppm, respectively. As a result of the broadness of thc carbon3 

shifts, coupling of the nitr~-'~N with carbon-3 was not obscrvcd in thc I3C-NMR 

spcctrum of 4 c. Similarly, in thc 'SN-Nh4R spectm at 25°C both thc azctidinc 

nitrogcn ;md thc nitro nitrogcn of 4 as wcll as thc nitro nimgcn of 4c gavc two 

distinct signals, which collapscd to singlc p a k s  at 80°C. Thcsc rcsults suggcst 

that 4 is an cquilibrium mixlurc of two isorncrs, onc with thc 1-bulyl group on thc 

samc sidc of the ring as thc hydroxymelhyl group and thc othcr with thc 1-butyl 
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group on thc same side of the ring as the nitro group. 

4 

Equilibration would rquirc dcprotonation of onc spccics. followcd by protonation 

to give $c other isomer, which is suficiently slow at 25°C to allow detection of 

both isomcrs by NMR, but is too fast at 80°C to allow detection of both isomers. 

Thc NMR spectra of thc frcc basc 1 2 are qualitativcly similar to those of 4 at 80°C. 

Thc NMR-spcctra of 6-6d, 7-7f, 8-8g, 9-9d, and 1 1-1 Id arc givcn in 

TABLES 4,5,6,7, and 8, respectively. In every instance the ‘H-NMR spectra of 

the 3-”C isomcrs exhibited coupling of 5 Hz between ”C and the azctidine ring 

protons and those of the nitro-’’N isomers showed coupling of 2-3 Hz between ”N 

and thc ring protons. In addition, the I3C-Nh4R spectra of the nitro-”N isomers 

showcd coupling betwcen ‘’N and crubon-3 of 11-14 Hz. As in thc spectra of 

some of its precursors, the I3C-NMR spectrum of 6 b showed coupling between 3- 

I3C and thc CcnLnlt-butyl carbon. 

Mass SDectn 

Mass spcctral analysis of the TNAZ isomcrs was pcrformcd using electron 

impact (El) (Tablc 9) 11s wcll as chcmical ionization (CI) with mcthanc gas (Tablc 

10). For El thc molecular wcight was consislent with the isotopic assignmcnt For 

CI thc pafcnt P pcali was not observcd, but fragments rcprescnting reactions 
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with methane (P+1, P+29, Pel) were observed, allowing inference as to the 

parent mass. Other principal fngments were consistent with loss of nitro and 

nitroso groups. 

-METHOD 

All Nh4R spectra were obtained on a JEOL GSX high resolution Fourier 

tmsform spectrometcr. Resonance frequcncies for 'H, "C, and "N were 399.65 

MHz, 100.40 MHz, and 40.40 MHz, respectively. All 13C-NMR spectra were 

obtained with proton decoupling. The "N-NMR spectra were obtained with single- 

pulsc gatcd decoupling without nuclear Overhauser enhancement and me relative to 

and upfield of external nitromethane = 0. TNAZ isotopic purity was assessed using 

a mass spcctromctcr (Finnigan-MAT TSQ 700) with a gas chromatognphic (GC. 

Varian 3400) inlet. The GC was equipped with a capillary column (J&W DB-SMS, 

30m x 0.25mm i.d.). An acetone solution of the TNAZ (0.02%) was injected 

(200°C) into the GC at an initial temperature of 80°C; after a one minute hold, the 

tempcralure was mped to 210°C at 7.5"Clmin. The transfer line tempcnturc was 

200°C. Electron impact ionization (EI) was accomplished using 7OeV and 400 uA 

emission. The ion source was operated at 15O"C, and the scan m g e  for El was 35- 

400 m u .  Chemical ionization (CI) was accomplished using methane gas; solid 

samples were introduced via a solids probe (2535OC). Melting points wcre 

determined on all solid products and were within 2°C of litenture values. 

3-t-Butvlvl-5-hvdroxvmethvl-5nitrotetrahvdro-13-oxazincs (2-2 c) 

To a slurry of paraformaldehyde (2.16 g, 0.072 mol) and 40% sodium 

hydroxide (1 drop) i n  water (10 ml) was added the appropriate nitromethane (1.0 g, 
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0.016 mol). The mixture was stirred a t  60'' for one h, then 1-butylamine (1.70 ml, 

1.17 g, 0.016 mol) in water (3 ml) was added dropwise at 60". Solid began to 

precipitate during the addition. The mixture was held at 60" for 5 h, cooled, and 

filtered. The solid was washed with water and dried to give the 3-1-butyl-5 

hyd~~ymethyl-5-nitrolctrahydro-ld~~~zine in the yield reported in TABLE 1. In 

the case of 2a, paraformaldehyde-d,, 40% sodium deutroxide, deuterium oxide, 

and nitmmcthanc-d3 were uscd. 

2-t-Butvlaminomethvl-2-nitr~ 13-~mwn ediol Hvdrochloridcs (3-3 c) 

To a solution of concentratcd hydrochloric acid (1.0 ml, 0.012 mol) in 

methanol (20 ml) was addcd the appropriale 3-t-butyl-S-hydroxymethyl-5- 

nitrotctrahydrel.3-oxazine (0.012 mol). Thc resulting mixtun: was heated under 

gentle rcflux for 20 h to drive the reaction to completion. Thc solvent was removed 

L-rder rcduced picssure and the residue was stirred in 2-propanol(20 ml). After thc 

mixture had been chilled in the freezer, the solid was collccted by filtration. washed 

with il IitUc cold 2-propan01, and dried to give the 2-t-butylaminomcthyl-2-nitro- 

1 3 - p m p e d i o l  hydrochloride in the yield reported in TABLE 2. In the case of 3a, 

methyl alcohol-d and 37% deuterium chloride in deuterium oxide were cmploycd in 

the reaction. 

l-t-Butvl-3-hvdroxvmethvl-3-nitroazetidine Hvdrochlorides (4-4cl 

To ;I mixture of the appropriate 2-~-butylaminomethyl-2-nitm-l,3- 

propanediol hydrochloride (0.01 mol) and di-i-propyl amdicarboxylate (2.22 g. 

0.01 1 mol) in 2-butanone (5 ml) is added dropwise a solution of 

triphcnylphosphinc (2.88 g, 0.01 1 mol) in 2-butanone (2.5 ml) at W C .  Aflcr 

completed addition the mixture was filtered hot to give a solid, which was washed 
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with a little 2-butanone and air dried to give thc l-t-butyl-3-hydroxymethyl-3- 

nitroazetidine hydrochloride in the yield reported in TABLE 3. 

1 -t-Butvl-3-hvdroxvmethvl-3-nit~tidine (1 2) 

To a stirrcd solution of sodium carbonate (2.35g. 0.022 mol) in water (50 

ml) was added 4 (5.0 g, 0.022 mol). The rcsulting mixturc was cxlracted with 

chloroform (2 x 25 ml) and the combined extracts were dried over magnesium 

sulfat. Thc solvent was cvaporakd under reduced prcssure lo yicld 4.03 g (96%) 

of l-t-butyl-3-hydroxymethyl-3-nitroiuetidine (1 2), mp 112-1 13°C. 'H-NMR 

(chloroform-d): 0.94 (s, 9H)(i-Bu), 3.38 (d, 2H, J = 9 Hz)(C-2,4), 3.61 (bs, 

lH)(OH:), 3.70 (d, 2H, J = 9 Hz)(C-2,4), 4.19 (s, 2H)(Cli,OH). 13C-NMR 

(chloroform-d): 23.6 ( ~ B u ) ,  52.1 Q-Bu), 52.5 (C-2,4), 64.9 (CH,OH), 81.8 (C- 

3). "N- NMR (chloroform-d): 11.2 (CNO,), -342.1 (N-1). 

1 -t-Butvl3.3-dini troazetidincs (6 -6 d) 

To a solution of thc appropriate l-~-butyl-3-hydroxymcLhyl-3-nitrwclidinc 

hydrochloridc (0.0062 mol) in water (10 ml) was addcd 40% sodium hydroxide 

(1.86 g, 0.0186 mol). The mixture was stirred at ambient temperature until a clear 

solution was obtained (-2.5 h). thcn the solution was chillcd to 10°C. To thc 

chil ld solution was addcd a solution of sodium nitrite (1.71 g, 0.0248 mol) and 

potassium fcmcyanide (0.20 g, 0.00062 mol) in watcr (5 mi), followcd by solid 

sodium persulfalc ( 1 .% g, 0.0078 rnol) in one portion. Cooling was discontinued 

and Lhc misturc waq stirrcd at ambient tcmpcmturc for onc h. Thc mixturc was 

cslrackd with dichloromcthanc (5 x 5 ml), thc cxtmcls wcrc dricd (magncsium 
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sulfate) and the solvent was evaporated under reduced pressure to give the I-t- 

b u t y l - 3 3 d i n i t d i n e  in the yield reported in TABLE 4. 

1-t-Butvl-33-dinitmetidinium Nitrates (7-7 f) 

To a solution of the appropriate l-J-butyl-33-dinitrcazetidine (0.002 mol) in 

dichloromethane (5 ml) was added the appropriate nitric acid (0.002 mol). The 

resulting mixture was evaporated to dryness and the residue was slurried with 

dichloromethane and l i l t ed .  The collected solid was washed with 

dichloromethane and dried to yield the l-t-bueyl-39-dinittidinium nitrate in the 

yield reported in TABLE 5. 

13.3-Trinitroazetidines (8-8 g) 

To the appropriate l-f-butyl-3,3dinitrtidinium nitrate (0.01 mol) was 

added acetic anhydride (2 ml) followed by thc appropriate ammonium nitrate (0.001 

mol). The mixturc was heated at 80°C for 3 h, cooled, and treated with water (2.5 

ml). The mixture was stirred at 15°C for 16 h, then more water (5 ml) was added 

and the mixture was cooled to 5°C. The product was collected by filtration, washed 

with water, and dried to give the 1,3,3-trinitrr>azetidine in the yield reported in 

TABLE 6. 

1 -Methoxvcarbonvl-33dinitroazetidines (9 -9d) 

To a solution of the appropriate l-~-butyl-3,3dinitmazetidine (0.002 mol) in 

dichloromethane (2 ml) was added dibasic sodium phosphate (0.80 g, 0.0056 mol) 

and methyl chloroformate (2.0 ml, 0.m6 mol). The mixture is stimd vigorously at 

ambient temperature for 8 days. The mixture was filtered, the filter cake was 
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washcd with dichloromcthanc, and thc combined filtntc cvapordtcd to dryncss 

under reduced pressure. The residue was washed with petroleum ethcr to removc 

l-~-butylamino-3-chloro-2,3-dinitmpropanc and dricd to givc thc 1- 

metho.uye;lrbonyl-3,3-dinitromctidinc in lhc yicld rcportcd in TABLE 7. 

3.3-Dinitrwctidinium Nitratcs (1 1-1 I dl 

The appropriate 1 -methoxycarbonyl-3~-dinitr~~tidinc (0.0025 mol) is 

dissolved in mcthanol (6 ml), thcn 4% sodium hydroxide (0.536 g, O.OOS6 mol) 

and water (0.3 ml) was addcd. After 2 h at ambient tempentun: conversion to the 

sodium salt of' thc carbamic acid wits complctc. To thc resulting solution \\'as addcd 

concentrated nitric acid (1.0 ml, 0.008 mol). After thc gas evolution was complctc, 

thc methanol was cvaporatcd and water (10 ml) and 40% sodium hydroxidc (0.80 

g, 0.008 mole) was added. The solution was cxtracted with dichlommethanc (3 x 5 

mi). Thc cxtncls werc dricd ovcr magnesium sulfatc and trcatcd with thc 

appropriate nitric acid (0.0025 mol). The resulting mixture was evaporatcd to 

dryness md the rcsiduc was taken up in dichloromethane. Thc solid was collcctcd 

by filtration and dried to give the 3,3dinitroazetidinium nitnte in the yield reported 

in TABLE 8. 
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