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Organic Chemistry 

Polymethylenepolynitramines and their derivatives 
1. Synthesis of N-fluoro-substituted polymethylenepolynitramines 

B. S. Fedorov,* V. P. Kosilko, G. V. Lagodzinskaya, and L. T. Eremenko 

Institute of Chemical Physics in Chernogolovka, Russian Academy of Sciences, 
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Hitherto unknown N-fluoro-substituted polymethylenepolynitramines were synthesized 
by fluorinating the respective polymethylenepolynitramines with elemental fluorine in 
anhydrous acetonitrile. 
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In the last 10 years, the synthesis and X-ray diffrac- 
tion studies of the two first homologs of symmetric 
polymethylenepolynitramines (PMPNA), namely, 1,3,5- 
trinitro-l ,3,5-triazapentane (1) and 1,3,5,7-tetranitro- 
1,3,5,7-tetraazaheptane (2), have been reported. 1-4 
However, at this time there are no data on the reactivity 
of  these compounds or asymmetric PMPNA's ,  such as 
RCH2N(NO2)CH2NXNO 2 with X = H or Hal. 

In the present work we studied the fluorination of 
P M P N A ' s  with elemental fluorine. Previously, 5-7 fluo- 
rination of alkaline-metal salts of primary N-nitramines 
with elemental fluorine in an aqueous medium made it 
possible to obtain N,N'-difluoro-N,N'-dinitroethylene- 
diamine, N-fluoro-N-nitroanil ine,  N-f luoro-N-ni t ro-  
cyclohexylamine, N-fluoro-N-nitrobutylamine, 1,7-di- 
f luoro-l ,4,7-trinitro-l ,4,7-triazaheptane, and N-fluoro- 
N-nitrourea in 61--86 % yields. In the case of sterically 
hindered isobutyl- and isopropylnitramines, fluorination 
products are formed in yields of 40 and 50 %, respec- 
tively. 8 

However, we found that this simple method is not 
suitable for the N-fluorination of P M P N A ' s  due to their 
decomposition in aqueous alkali according to the fol- 
lowing scheme: 

RCH2N(NO2)CH2NHNO 2 + OH- 

~, RCH2N=NO ~ + NH(NO2)CH20H . 

Therefore, we chose acetonitrile, which has been 
successfully used in the nitration of various organic 
compounds with nitryl fluoride (FNOz),gA~ as the me- 
dium for the fluorination of PMPNA's .  P M P N A ' s  were 
fluorinated in the H-form. When solutions of PMPNA's  
in MeCN (concentration 10--15 %)were  fluorinated at 
- 5  to 5 ~ the corresponding N-fluoro-derivatives could 
be isolated after pouring the reaction mixture into water 
and the usual workup. The yields of the fluorination 
products were 22--56 %. 
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Scheme 1 

O2NNHCH2N(NO2)CH2N(NO2)F 

O2N HNCH2N(NO2)CH2NHNO2 _ _  2 

1 F(NO2)NCH2N(NO2)CH2N(NO2)F 

3 

In the case of  P M P N A  1, the condi t ions for the 
synthesis o f  both the  mono-subs t i tu ted  asymmetr ical  
monof luor ina t ion  produc t  2 and symmetr ic  product  3 
(Scheme 1) were found. 

Using this procedure ,  we obtained the symmetr ical  
di f luor inat ion product  5 from P M P N A  4. 

02NN HCH2N(NO2)CH2N(NO2)CH2N HN02 

4 

-'~ F(NO2)NCH2N(NO2)CH2N(NO2)CH2N(NO2)F 

5 

Similarly,  N-monof luor ina t ion  product  7 was syn- 
thesized from P M P N A  6. 

F(NO2)2CCH2N(NO2)CH2NH(N02) 

6 

F(NO2)2CCH2N(NO2)CH2N(NO2)F 

7 

The  m e t h o d  of  f l uo r ina t ion  of  the  H - f o r m  of  
P M P N A ' s  in M e C N  is also suitable for the simplest  N- 
n i t roa lky lamines .  For  example ,  f luor ina t ion  o f  N- 
n i t robuty lamine  (8) under  similar  condit ions afforded 
N- f luo ro -N-n i t robu ty l amine  (9) in 53.4 % yield. 

The structures of  N-f iuoro-subs t i tu ted  P M P N A ' s  
were conf i rmed by e lementa l  analysis and IH N M R  
spectral  data  (see Exper imental ) .  These compounds  have 
low thermal  stabili ty and are unstable both toward nu- 
c leophi l ic  (a lka l i -meta l  hydroxides)  and electrophil ic  
reagents (minera l  acids). 

Experimental 

NMR spectra were recorded on a spectrometer (300 MHz) 
manufactured at an experimental instrument-building plant of 
the RAS in Chernogolovka. 

l-Fluoro-l,3,5-trinitro-l,3,5-triazapentane (2). A fluo- 
r ine-ni t rogen mixture (1 : 10, 13.44 L) was bubbled for 30 
rain at - 5  to 0 ~ with vigorous stirring through a solution of 
1,3,5-trinitro-l,3,5-triazapentane 1 (6.3 g, 30 mmol) in dry 

MeCN (150 mL), and the reaction mixture was poured into 
ice water (800 mL). The oil that formed was extracted with 
Et20 (3x60 mL), and the extract was dried with MgSO 4. The 
Et20 was distilled off in vacuo, and the residue was recrystal- 
lized from a CICH2CH2C1--CHCI 3 mixture to give 3.66 g 
(53.6 %) of monofluoride 2, m.p. 69--70 ~ (dec.). Found 
(%): C, 10.6; H, 2.6; N, 36.9; F, 8.8. C2H5FN606. Calculated 
(%): C, 10.53; H, 2.21; N, 36.84; F, 8.33. ~H NMR (MeCN, 
Me4Si), 8:5.42 (d, 2 H, CH2, 3J H H = 5.0 Hz); 6.00 (d, 2 H, 
CH2, 3JH, F = 25.5 Hz); 10.5 (m, 1~I, NH). 

1,5-Dlfluoro-l,3,f-trinitro-l,3,5-triazapentane (3). A fluo- 
r ine-nitrogen mixture (1 : 10, 30 L) was bubbled for 35 min 
at - 2  to 0 ~ with vigorous stirring through a solution of 
1,3,5-trinitro-1,3,5-triazapentane 1 (6.3 g, 30 mmol) and freshly 
calcined KF (4.7t g, 81 mmoI) in dry MeCN (210 mL), and 
the reaction mixture was poured into an ice--water mixture 
(850 mL). The oil that formed was extracted with Et20 (3x70 
mL) and the extract was dried with MgSO 4. The Et?O was 
distilled off in vacuo, the residue (oil) was dissolved in 
CICH2CH2C1 (50 mL), and the solution was passed through a 
column with silica gel. The solution was concentrated to 1/4 of 
the original volume and placed in a freezer. After two days, 
difluoride 3 precipitated as white crystals. Evacuation (0.05 
Torr) for 2 h at ~20 ~ gave 1.62 g (22.0 %) of product 3, m.p. 
35--36 ~ Found (%): C, 9.6; H, 1.4; N, 34.4; F, 15.6. 
C2H4FzN606. Calculated (%): C, 9.76; H, 1.63; N, 34.15; F, 
15.45. ~H NMR (MeCN, Me4Si), 8 :6 .00 (d, 4 H, CH2, 
3JH F = 26 Hz). 

'l,7-Difluoro- 1,3,5,7-tetranitro- 1,3,5,7-tetraazaheptane 
(5). A fluorine--nitrogen mixture (1 : 10, 10 L) was bubbled 
for 30 min at - 2  to 0 ~ with vigorous stirring through a 
solution of 1,3,5,7-tetranitro-l,3,5,7-tetraazaheptane 4 (4.8 g, 
17 mmol) in dry MeCN (150 mL), and the reaction mixture 
was poured into ice water (600 mL). The oil that formed was 
extracted with CH2CI 2 (3x50 mL), and the extract was dried 
with MgSO 4 and treated with basic A1203. The solution was 
concentrated in vacuo, and the residue was recrystallized from 
dry CHCI 3 to give 3 g (55.5 %) of difluoride 5, m.p. 92-- 
93 ~ (dec.), d42~ 1.816 g c m  -3. Found (%): C, 11.5; H, 
1.9; N, 34.9; F, 12.5. C3H6F2NsO 8. Calculated (%): C, 11.25; 
H, 1.89; N, 35.00; F, 11.87. 1H NMR (MeCN, Me4Si), 8: 
6.05 (d, 4 H, CH2, 3J H F = 26 Hz); 5.85 (s, 2 H, CH2). 

1,5-Difluoro-l,l,3,~-tetranitro-3,5-diazapentane (7). A 
fluorine--nitrogen mixture (1 : 10, 7.5 L) was bubbled for 35 
min at - 2  to 0 ~ with vigorous stirring through a solution of 
l-fluoro- 1,1,3,5-tetranitro-3,5-diazapentane 6 (6 g, 23 retool) 
in dry MeCN (100 mL), and the reaction mixture was poured 
into ice water (500 mL). The oil that formed was extracted 
with CH2C12 (3x30 mL) and the extract was dried with 
MgSO 4. The solution was concentrated in vacuo to give an oil 
(2.8 g), which was crystallized from CC14 to give 2.6 g 
(40.6 %) of white product 7, m.p. 27.5--29 ~ Found (%): C, 
12.1; H, 1.3; N, 28.4; F, 12.9. C3H4F2N608. Calculated (%): 
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C, 12.42; H, 1.38; N, 28.97; F, 13.10. IH NMR (MeCN, 
Me4Si), ~: 5.39 (d, 2 H, CH2, 3JH, F = 1.5 Hz); 5.92 (d, 2 H, 
CH2, 3JH F = 3.0 Hz). 

N-Flu~ro-N-nitrobutylamine (9). A fluorine--nitrogen mix- 
ture (1 : 10, 29 L) was bubbled for 45 rain at - 5  to 0 ~ with 
vigorous stirring through a solution of N-nitrobutylamine 8 
(11.8 g, 0.10 tool). The reaction mixture was poured into ice 
water (700 mL), the mixture was saturated with NaC1, and the 
oil that formed was extracted with CH2C12 (2x50 mL). The 
extract was washed with aqueous NaHCO 3 ( lx80 mL) and 
water (2x50 mL) and dried with MgSO 4. The solution was 
concentrated in vacuo and the residue (oil) was distilled in 
vacuo to give 7.26 g (53.4 %) of product 9, b.p. 46 ~ (30 
Torr), riD20 1.4042 (cf Ref. 6: b.p. 40 ~ (25 Torr), riD20 
1.404). 
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