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Sulfamic acid and N-alkylsulfamates in the synthesis of nitro derivatives 
of guanidine and aminofurazan 
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The N-nitro derivatives of the products of the condensation of formaldehyde with 
sulfamic acid derivatives and guanidine, nitroguanidine, 3,4-diaminofurazan, and 3-amino-4- 
methylfurazan have been synthesized. 
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Previously 1 we synthesized N-nitro derivatives of the 
products of the condensation of formaldehyde (1) with 
urea and primary N-alkylsulfamates (2). 

In the present work we studied the possibility of 
applying this method to synthesizing N-nitro derivatives 
from guanidines and aminofurazans. The starting com- 
pounds were obtained by the condensation of formalde- 
hyde and sulfamie acid derivatives 2a,b with guanidini- 
um chloride or nitrate (3), nitroguanidine (4), 3,4- 
diaminofurazan (5), and 3-amino-4-methylfurazan (6). 
All of these reactions gave colorless crystalline substanc- 
es. We were unable to isolate pure condensation prod- 
ucts, and they were characterized only as their N-nitro 
derivatives (7--11) (Scheme 1). 

Based on the structures of the nitration products, it 
can be assumed that the condensation results in type A 
compounds (12, 13) (see Scheme I). 
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Judging by the structures of nitro compounds 9 and 
10, diaminofurazan, unlike guanidine and urea, t reacts 
according to Scheme 1 with replacement of the hydro- 
gen of both amino groups and the intermediate forma- 
tion of sulfamate 13. However, we believe that the 
reaction under consideration also involves the interme- 
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diate format ion  o f  the  monosubst i tu ted  N-sulfo deriva- 
tive of  d iaminofurazan,  s imilar  to structure 12 for guani-  
dine. 

Varying the reagent  ratio and the p H  of  the med ium 
used in the  condensa t ion  did not  give any o ther  nitro 
derivatives o f  guanid ine  and furazan. In  all cases, the 
op t imum p H  was 5.0--6.5.  The yields of  ni t ramines 9 
and 10 increased when the excess o f  the  starting com-  
pounds  1 and 2 was increased (Table 1). 

When  ni t roguanidine  4 was used instead of  guani-  
dine, only  a small  yield o f  n i t ramine  7 according to 
Scheme 1 was obta ined  due to the  low solubil i ty of  
compound  4 in water  and e thanol ,  which were used as 
solvents in the  condensat ion.  As a result,  ni t roguanidine 
4 par t ia l ly  prec ip i ta ted  during condensat ion,  and up to 
10 % of  the  starting amoun t  of  4 remained  unreac ted  
and prec ip i ta ted  along with compound  7 during the 
ni t ra t ion stage. The  condensa t ion  of  4 with potass ium 
N-methylsu l famate  and formaldehyde  without  a solvent 
at 70--120 ~ did not  give 7 in a yield above 20 % 
either. 

Taking into account  the  difference in the  stabili ty of  
the guanidine  and furazan derivatives in the ni trat ing 
mixture,  we chose the following ni t ra t ion condit ions:  2-7 
H N O 3 / o l e u m  in t he  syn theses  o f  7 and  8 and  
HNO3/H2SO4 in the  syntheses o f  9 - -11 .  

We have found previously 8 that  the synthesis of  
n i t ramines  according to Scheme 1 from potass ium sulfa- 
mate  2e (R 2 = H) gives compounds  14 based on urea 
(14a),  3 ,4 -d iaminofurazan  (14b), guanidine  (14e), and 
5-aminote t razo le  (14d). 
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1 4 a :  R = C = O ,  n = 1, Y = N O  2 

1 4 b :  R = o ' N ~ ' ~ ,  n = 1, Y = NO 2 
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A more  thorough s tudy o f  the  condensat ion  of  guani-  
dine with potass ium sulfamate and formaldehyde  showed 
that  the  n i t ra t ion  products  conta in  a l inear  ni t ramine 
(15) in addi t ion  to the  cyclic compound  14e. When  the 
molar  ratio o f  the  starting condensa t ion  componen t s  is 
3 : 1 : 2e = 1 : 1 : 1, the  pr imary  n i t ramine  15 becomes 

Table I. Conditions of the synthesis of nitramines 7--11 

Starting compounds and pH Nitration Yield 
their molar ratios product (%) 
at the condensation stage 

3 : 1 : 2 a = 1 : 1 : 1  6.5 7 28 
3 : 1 : 2 b = 1 : 1 : 1  6.5 8 30 
4 : 1 : 2 a = 1 : 2 : 2  6.0 7 16 
5 : 1 : 2 a = 1 : 2 : 2  5.0 9 11 
5 : 1 : 2 a = 1 : 6 : 6  5.0 9 57 
5 : 1 : 2 b = 1 : 2 : 2  6.0 10 7 
5 : 1 : 2 b = 1 : 3 : 2  6.0 10 24 
5 : 1 : 2 b = 1 : 6 : 4  6.0 10 20 
6 : 1 : 2 a = 1 : 1 : 1  6.0 11 40  

the predominant  react ion product  (after ni t ra t ion) ,  and 
the yields of  compounds  15 and 14e are 25 and 5 %, 
respectively. 

Experimental 

1H NMR spectra were recorded in acetone-d 6 on Bruker 
AM-300 (300 MHz) and Tesla BS-467 (60 MHz) spectrome- 
ters using HMDS as the internal standard. IR spectra were 
obtained in KBr pellets on a UR-20 spectrophotometer. The 
elemental analyses of the compounds synthesized agree with 
the calculated values. 

N-(2-Nitro-2-azapropyl)-N'-nitroguanidine (7). Guanidin- 
ium nitrate (1.22 g, 10 mmol) and 32 % formaldehyde (0.9 mL, 
10 mmol) were added to a solution of potassium N-methylsulf- 
amate (1.49 g, 10 mmol) in water (5 mL), the pH was adjusted 
to 6.5, and the mixture was concentrated on a rotary evaporator 
at bath temperature of 100--110 ~ The resulting crystalline 
precipitate (2.8 g) was added at 0 ~ to a mixture of 25 % 
oleum (8 mL) and 97 % HNO 3 (4 mL). The reaction mixture 
was stirred for 1 h at 0--10 ~ poured onto ice (30 g), and 
extracted with ethyl acetate (5 x 20 mL). The extract was 
washed with water (2 x 20 mL), 3 % aqueous sodium carbon- 
ate (20 mL), and water (20 mL) and concentrated in vacuo. 
The residue was recrystallized from an ethanol--acetone mix- 
ture (6 : 1), yield 28 %, m.p. 168--170 ~ IR, v/cm-l :  3410, 
3300, 1620, 1590, 1515, 1300. 1H NMR, 5:3.5 (s, 3 H, Me); 
5.63 (s, 2 H, CH2). The product was identified by comparison 
with an authentic sample obtained previously by O. A. 
Luk'yanov and T. G. Mel'nikova (Institute of Organic Chem- 
istry, RAS) using a different procedure. 

N-(2-Nitro-2-azabutyl)-N'nitroguanidine (g) was obtained 
similarly to compound 7 using potassium N-ethylsulfamate (10 
mmol) instead of potassium N-methylsulfamate, yield 30 %, 
m.p. 156--158 ~ IR, v/cm-l :  3420, 3310, 3250, 1625, 1550, 
1515, 1425, 1290.1H NMR, ~: 1.13 (t, 3 H, Me); 3.24 (q, 2 H, 
CH2--C); 5.32 (s, 2 H, NCH2N). 

Bis(1,3-dinitro-l,3-diazabutyl)furazan (9). A solution of 
formaldehyde (30 %, 2.7 g) was added to a solution of com- 
pound 2a (4.47 g, 30 mmol) and compound 5 (0.5 g, 5 retool) 
in water (20 mL), and the pH of the medium was adjusted to 
5.0 by adding 5 % aqueous KOH. The solution was concentrat- 
ed on a rotary evaporator at 80--100 ~ until a crystalline 
precipitate was formed. A mixture of these crystals (2.7 g) and 
methylamine hydrochloride (0.3 g) was added at -20  ~ to a 
mixture of HNO 3 (d = 1.5 g cm -3, 8 mL) and Ae20 (8 mL), 
and the reaction mixture was stirred for 1 h at 0--5 ~ and 
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poured onto ice (100 g). The resulting sticky precipitate was 
dissolved in ethyl acetate (70 mL) and washed with water 
(30 mL), 3 % NaHCO 3 (until the washing water became slightly 
alkaline), and water (30 mL), dried with MgSO4, and concen- 
trated. Ether (40 mL) was added to the precipitate, and the 
mixture was left overnight. The ether was decanted, and the 
precipitate was dissolved in a minimum amount of acetone. 
After precipitation of the first crystals, ether (20 volume parts) 
was added to the acetone. Yield 55 %, m.p. 144 ~ (dec.). 
1H NMR, ~: 3.5 (s, 3 H, Me); 6.18 (s, 2 H, CH2). The product 
was identified by comparison with an authentic sample ob- 
tained previously by I. V. Tselinskii et al. (Institute of Technol- 
ogy, Saint Petersburg) using a different procedure. 

Bis(1,3-dinitro-l,3-diazapentyl)fnrazan (10) was obtained 
similarly to compound 9 using potassium N-ethylsulfamate (30 
retool). The molar ratio of the components was 5 : 1 : 2b = 
: 3 : 2, pH = 6.0. Yield 24 %, m.p. 144 ~ (dec.). IR, v/cm-l:  

1000, 1080, 1280, 1400, 1520, 1580. 1H NMR, 8:1.17 (t, 3 H, 
Me); 3.97 (q, 2 H, CH2--C); 6.2 (s, 2 H, CH2N ). 

3-(1,3-Dinitrol,3-diazapropyl)-4-methylfurazan (11) was 
obtained similarly to compound 9 at the molar ratio of the 
components 6 : 1 : 2a = 1 : 1 : 1, pH = 6.0. Yield 40 %, m.p. 
140--142 ~ (dec.). IR, v/cm-l :  907, 1095, 1290, 1590, 3035. 
1H NMR, ~: 2.2 (s, 3 H, Me--C); 3.5 (s, 3 H, Me--N); 5.9 (s, 
2 H, CH2). 

N-(2-Nitro-2-azaethyl)-N'-nitroguanidine (15). Guanidin- 
ium nitrate (1.22 g, 10 mmol) and 32 % formaldehyde (0.9 g, 
10 mmol) were added to a solution of potassium sulfamate 
(1.35 g, 10 mmol) in water (5 mL). The solution pH was 
adjusted to 6.5, and the mixture was concentrated in vacuo at 
110--120 ~ until crystals (2.7 g) were obtained. The latter 
were added at 0 ~ to a mixture of 96 % H2SO 4 (8 mL) and 
97 % HNO 3 (4 mL). The mixture was stirred for 1 h at 10 ~ 
poured onto ice (30 g), and extracted with ethyl acetate 
(5 x 20 mL). The extract was washed with water (3 • 20 mL) 

and concentrated. The residue was recrystallized from an etha- 
nol-acetone mixture (6 : 1). The resulting crystals of com- 
pound 14e were filtered off, yield 5 %, m.p. 215--216 ~ (cf 
Ref. 8: m.p. 215--216 ~ The mother liquor was concentrated 
on a rotary evaporator, and the residue was recrystallized from 
ether. The yield of 15 was 24 %, m.p. 144 ~ IR, v/cm-l :  
3380, 3140, 1655, 1560--1600, 1430, 1295--1315.1H NMR, 5: 
5.38 (s, CH2). 
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