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Organic Chemistry 

Synthesis of 3-alkoxy-2-nitroxypropyl-N-alkylnitramines 
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It was shown that 3-alkoxy-2-nitroxypropyI-N-alkylnitrarnines can be prepared by 
nitration of the corresponding 3-alkoxy-2-hydroxypropyl-N-alkylsulfamates. 
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Previously, ] it has been shown that 3-alkoxy-2-hy- 
droxy-N-alkylsu/famates ( I )  can be synthesized by the 
reaction of N-alkylsulfamates with glycidyl ethers in 
aqueous ethanol. 
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M = K ,  Na 
R = Me; R" = Me (a), Et (b), Bu (r 
R = Et; R" = Me (d), Et (e), Bu (f); 
R = Bu; R" = Me (g), Et (h); 
R = Hept; R" = Me (i) 

To exclude the formation of side products resulting 
from hydrolysis (2), this reaction was studied in anhy- 
drous DMSO (8 h at 1 l0 to 120 ~ However, in this 
case, it was accompanied by resinification, and the yield 
of  the target product remained the same, viz., ~80%. 

To make the preparation of  compounds I easier, we 
considered the possibility of the reaction of  3-chloro-2-  
hydroxy-N-alkylsulfamates (3) with alcohols in alkaline 
media; to avoid hydrolysis involving the chlorine atom, 
anhydrous alcohols were used. In this case, the yields of 
products 1 r eached -85% (Table 1). 
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Table 1. Synthesis of 3-alkoxy-2-hydroxy- 
N-alkylsulfamates (1) 

Com- Yield M.p. 
pound (%) /~ 

l a  85 93--95 
lb 80 84--86 
le  77 93--95 
l g  ~ 60 _ b  
lb c 82 84--86 

o Prepared by the standard procedure. ! 
b A caramel-like product e Prepared in 
DMSO by a previously described proce- 
dure. 1 

Nitrat ion of  compounds  1 gave n i t r amino  nitrates 
(4). 

OH 
I HNO3 ~ R INCH2?HCH2OR" RNCH2CHCH2OR" 

I 
SO3M NO 20NO 2 

I a--i  4a---i 

M = K ,  Na 

As has been reported previously,  z the sulfamate  group 
can be easily conver ted into a n i t r amine  group by nitro- 

Table 2. Characteristics of 3-alkoxy-2-nitroxypropyI-N-alkylnitramines (4) 

Corn- Yield nD 22 Molecular Fourld (%) 
pound (%) formula Calculated 

C H N 

IH NMR (8) 

4a 7l ~ CsH I IN306 29.1.7. 548 --  3.35 
28.71 5.78 3.70 

5.60 

4b 70 1.4780 C6H~3N306 31-95 ~ -- 1.15 
32.28 5.87 3_55 

4b b 75 3.75 
5.60 

4c 67 1.4687 C~HI7N306 -- --  16.55 0.95 
16.80 1.55 

4e b 55 3.50 
3.90 
5.55 

4d 71 1.4740 C6H13N306 32.86 6.14 -- 1.25 
32.28 5.87 3.72 

4.15 

4e 68 1.4693 CTHjsN306 35, .44 ~ --  1.15 
35.44 6.37 3.55 

4.15 

4f 67 1.4656 C9H 19N306 -- -- 16,29 1.05 
15.84 1.50 

3.60 
4.15 

4g c 55 1.4707 CsH 17N306 -- -- --  0.95 
1.56 
(m, 

5.70 

4h 69 i .4655 CgH19N306 41.2q 7.26 0.95 
40.75 7.22 1.35 

3.50 
4.15 

4i 60 t.4665 CItH23N306 45.10 8,36 -- 0.90 
45.04 7.90 1.70 

(m, 
5.70 

(s, 3 H, MeO); 3.45(s, 3 H, MEN); 
(m, 2 H, CH2N) 4.20 (m, 2 H, Ctt20); 
(m, 1 H, CHONO2) 

(t, 3 H, MeC); 3.45 (s, 3 H, MEN); 
(m, 2 H, CH20) 

(m, 2 H, CH2N); 4.25 (m, 2 H, CH20); 
(m, 1 H, CHONO2) 

(t, 3 H, Me); 1.35 (m, 2 H, CH2); 
(m, 2 H, CH 2) 

(s, 3 H, MEN); 3.70 (t, 2 H, CH20);  
(m, 2 H, CH2N); 4.30 (m, 2 H, CH20); 
(m, 1 H, CHONO:) 

(t, 3 H, MeC); 3.45 (s, 3 H, CH30); 
(m, 2 H, CH2N); 3.85 (m, 2 H, CH2N); 
(m, 2 H, CH20); 5.60 (m, I H, CHONO 2) 

(t, 3 H, Me); 1.25 (t, 3 H, MeC); 
(m, 2 H, CH20); 3.70--3.95 (m, 4 H, CH2NCH2); 
(m, 2 H, CH20); 5.70 (rn, I H, CHONO 2) 

(t, 3 H, MeC); 1.35 (t, 3 H, MeC); 
(m, 2 H, CH2); 1.70 (m, 2 H, CH2); 
(m, 2 H, CH20); 3.70--3.95 (m, 4 H, CH2NCH2); 
(m, 2 H, CH20); 5.70 (m, l H, CHONO 2) 

(t, 3 H, Me); 1.35 (m, 2 H, CH2); 
(m, 2 H, CH2); 3.35 (s, 3 H, MeO); 3.70--3.95 
4 H, CH2NCH2); 4.15 (m, 2 H, CH20); 
(m, H, CHONO 2) 

(t, 3 H, Me): 1.15 (t, 3 H,  MeC); 
(m, 2 H, CH2); 1.65 (m, 2 H, CH2); 
(m, 2 H, CH20); 3.70--3.95 (m, 4 H, CH2NCH2); 
(m, 2 H, CH20); 5.70 (m, i H, CHONO 2) 

(t, 3 H, MeC); 1.35 (m, 8 H, (CH2)a); 
(m, 2 H, CH2); 3.40 (s, 3 H, MeO); 3.70--3.95 
4 H, CH2NCH2); 4.15 (In, 2 H, CH20); 
(m, 1 H, CHONO 2) 

a M.p. 40--41 ~ b Prepared by nitration with an HNO.;--H2SOn mixture. C'l'he starting compound was first dissolved in 
(MeCO)20 , and then HNO 3 was added to the solution. 
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t ion.  The  n i t r a t ion  o f  l b  wi th  a H N O 3 + H 2 S O  4 mix tu re  
gave c o m p o u n d  4b in a yield o f - 7 5 % .  However ,  an  
increase  in the  l eng th  of  the  alkoxyl radical  ( c o m p o u n d  
4c)  results  in an  inc rease  in the  rate of  nitrolysis,  and  the  
yield of  the  des i red  c o m p o u n d  decreases  to 55%. T h e r e -  
fore,  a m i l d e r  n i t r a t i n g  r eagen t ,  viz., an  H N O  3 -  
( M e C O ) 2 0  mix ture ,  was  used. In this  case,  the  p ropor -  
t ion  o f  t he  p roduc t s  o f  ni t rolysis  was -<3%, and  t he  yields 
of  the  target  p roduc t s  were 60- -71%.  T he  resul t ing 
c o m p o u n d s  4 were  cha rac t e r i zed  by tH N M R  spect ros-  
copy and  by e l e m e n t a l  analysis  (Table  2). 

Experimental 

IH NMR spectra were recorded on Braker WM-250 and 
Bruker AM-300 instruments (250 and 300 MHz) in D20, 
(CD3)2CO, and CDCI 3 using HMDS as the internal standard. 

Condensation of potassium N-butylsulfamate with 
1-methoxy-2,3-epnxypropane ( lg) .  1-Methoxy-2,3-epoxy- 
propane (2.1 g, 24 mmol) was added to a solution of potassium 
N-buiylsulfamate (3.51 g, 18 mmol) in a mixture of 3.37 mL of 
H~O and 5.4 mL of EtOH at pH 6.96. The reaction mixture 
was kept for 30 h at 68--70 ~ and concentrated on a rotary 
evaporator. The residue was extracted with a hot Me2CO-- 
EtOH mixture (2 : 1) to remove the remaining potassium 
N-butylsulfamate. The extract was concentrated on a rotary 
evaporator, and the residue was recrystatlized from a Me2CO-- 
EtOH mixture to give 2.90 g of compound lg. s NMR, 6: 
1.20 (t, 3 H, Me); 1.30 (m, 2 H, CH2); 1.55 (m, 2 H, CH2); 
3.10 (m, 4 H, CH2NCH2); 3.40 (s, 3 H, OCH3); 3.60 (m, 
2 H, CH20);  4.00 (m, 1 H, CHOH) 

Compounds la--f ,h, i  were prepared in a similar way. Their 
IH NMR spectra corresponded to those reported in the litera- 
ture. ! 

Condensation of 2,3-epoxy-l-ethoxypropane with potas- 
sium N-methylsulfamate in anhydrous DMSO (lb). 2,3-Ep- 
oxy-l-ethoxypropane (1.33 g, 13 mmol) was added to a solu- 
tion of potassium N-methylsulfamate (1.5 g, 10 retool) in 
10 mL of anhydrous DMSO. The mixture was stirred for 8 h at 
115 ~ and concentrated using a rotary, evaporator with heat- 
ing on an oil bath. The residue was washed with ether and 
extracted with a hot E tOH--Me ,CO mixture to remove the 
remaining N-methylsulfamate. The extract was concentrated 
on a rotary evaporator, and the residue was recrystallized from 

a E t O H - - E t 2 0  mixture to give 2.06 g of potass ium 
3-ethoxypropyl-2-hyd roxy- N-methylsulfamate (lb). 

Synthesis of potassium 2-hydroxy-3-methoxypropyl-N- 
methylsulfamate (la) from potassium 3-chloro-2-hydroxypropyl- 
N-methylsulfamate. Potassium 3-ehloro-2-hydroxypropyl-N- 
methylsulfamate (2.4t g, 10 retool) was added to a solution of 
KOH (0.56 g, I0 mmol) in 5 mL of anhydrous methanot.  The 
mixture was kept for 14 h at 100 ~ neutralized to pH 7.6, 
and concentrated on a rotary evaporator. The residue was 
extracted with a hot EtOH--Me2CO mixture, and the extract 
was concentrated on a rotary evaporator to give 1.66 g of 
potassium 2-hydroxy-3-methoxypropyl-N-methylsulfarnate (la). 
Compounds lb,e were prepared in a similar way. 

3-Ethoxypropyl-2-nitroxy-N-methyinitramine (4b). Con- 
centrated H?SO4 (1.3 mL) was added at - I 0  ~ to fuming 
HNO 3 (6.5 mL), and then, at - 1 3  to - 1 7  ~ potassium 
3-ethoxypropyt-2-hydroxy-N-methylsulfamate (1_00 g) was 
gradually added. The mixture was stirred at - 13  to - t 7  ~ for 
an additional 35 rain and poured into a mixture of water and 
ice, and the product was extracted with MeCOOEt (3x i0  
mL). The extract was washed with a solution of sodium 
carbonate to pt t  ~ 11 and then with water, and concentrated 
on a rotary evaporator to give 0.65 g of product 4b. Compound 
4c was prepared in a similar way. 

3-Methoxy-2-nitroxypropyI-N-methylnitramine (4a). Fum- 
ing HNO 3 (2.78 mL) was gradually added to (MeCO)20 (9.72 
mL) at 0--6 ~ To the resulting solution, potassium 
2-hydroxy-3-methoxypropyl-N-methytsulfamate (2.00 g) was 
gradually added at the same temperature; the mixture was 
stirred for 1 h at 0--8 ~ and poured into a mixture of water 
and ice, and the product was extracted with MeCOOEt (3• 13 
mL). The extract was washed with a solution of sodium 
carbonate to pH = I 1, and then with water, and concentrated 
on a rotary evaporator to give 1.25 g of 3-methoxy-2-  
nitroxypropyl-N-methylnitramine (4a). Compounds 4b--i  were 
prepared in a similar way. 
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