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Unlike the aryl-N-chloro-N-nitroamines described in the last century [I], their a!iphatic analogs are 
little-known compounds. In [2, 3] it was shown that N-chloro-N-nitroamines are formed during nitration of 

N,N'-dichloroamines, but isolation of the nitration products involves considerable difficulties. The only 
product which could be isolated (with a yield of 5%) was N,N'-dichloro-N,N'-dinitroethylenediamine. 

We have found that the action of chlorine on aqueous solutions of the salts of primary nitroamines 

leads to the formation of N-chloro-N-nitroamines with high yield: 

cI 
/ 

CHsN (NO2) Na @ C12 -* CHiN -~- NaCI 
\ 

N02 

The reaction was used to obtain N-chloro derivatives of alkylnitroamines, dinitroamines, poly- 
nitroamines, and polynitroalkylnitroamines. While studying the stability of the various N-chloro-N-nitro- 
amines on storage, we found that the stability of the respective N-chloro derivatives decreased with in- 
crease in the acidity. The previously described N-chloronitrourethane [4] and the N-chlorosuifamide (VI) 
which we obtained were found to have low stability, while the chloronitroamine (VII) did not change after 
storage for several years. In the chlorination of primary nitroamines without previously converting them 
into salts the ease of the reaction is affected by the homogeneity of the medium and by the temperature~ 
The reaction is accelerated by increase in temperature. Since increase in temperature causes an in- 
crease in the degree of dissociation of the primary nitroamines in water [5], the dissociated form of the 
nitroamine is evidently subject to chlorination. 

In the IR spectra of N-chloro-N-nitroamines (Fig. i) absorption bands belonging to the N- NO 2 group- 
ing were found in the 1250 and 1600 cm -I regions. Introduction of chlorine into the primary nitroamine 

molecule leads to the disappearance of absorption bands belonging to the NH group in the 3200 cm -I region~ 
Absorption bands corresponding to the - CH 2- group, which are masked in the primary nitroamines by the 
strong band of the NH group vibrations, are clearly seen in the 2900-2300 cm -I region. 

N-Chloro-N-nitroamines readily oxidize potassium iodide in aqueous solution: 

CH3N (NO2) Cl @ 2K I-+ CH3N (NO2) K + 12 + H20 

The reaction was used for iodometric determination of the "active" chlorine in the molecule. Further in- 
vestigation of the chemical properties in N-chloro-N-nitroamines revealed strongly eleetrophilic charac- 
ter in the chlorine atom in these compounds. 

Reaction with potassium cyanide, sodium azide, and sodium nitrite leads to the formation of nitro- 
amine salts. On heating ethanol reduces N-chloro-N-nitroamine quantitatively to the primary nitroamine: 

CH~NHN02 
(VII) + C2HsOH-. i 

CH2NHNO~ 
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Fig. 1. Inf rared  spectra :  1) N-  
ch loro-N-ni t romethylamine ;  2) N- 
ch loro-N-ni t ropropylamine ;  3) N- 
chloro-N-ni t robutylamine;  4) N-  
chlo ro -N-n i t  roaminoethanol ni-  
t ra te .  

~- 6O 
o 

.~ 20 

~ 6o 

Reaction of compound (VIII)(Table 1)with aldehydes also leads 
to the formation of a p r imary  nitroamine, but (as shown before [6]) 
react ion with diluted formalin gives the monomethylol derivat ives 
of ethylene dinitroamine (EDNA). While investigating the react ion 
of compound (VII) with 37-40% formalin,  we were able to isolate the 
previously undescr ibed 2 ,5-din i t ro-2 ,5-hexane-1 ,6-dioh 

(VII) ~- CH~O + H20 -+ HOCH2N (NO2) CH2CH2N (NO2) CH20H 

The question a rose  as to what par t  the chlorine played in the 
format ion of dinitroaminomethylol ,  since the monomethylol der iva-  
tive of this compound is formed during condensation of EDNA with 
formal in  [7, 8]. Fo r  this purpose we investigated the condensation 
of EDNA with formalin and found that both the mono-  and dimethylol 
derivat ives of EDNA can be formed,  depending on the concentrat ion 
of formalin:  

,~H~NHNO~ + 37--40% CH~O.~ [~CH~N (N02) CH~OH]~ 

CH~NHN02-- �9 . HN (NO~) CH~CH~N (NO2) CH~0H 
+ 10% CHzO 

It can be supposed that N-ch lo ro-N-n i t roamines  are  reduced 
by formal in  to p r i m a r y  ni t roamines,  and the la t ter  are  converted 
into ni t roaminomethylols .  The formation of the var ious  condensation 
products  f rom EDNA is consistent  with the following scheme [9]: 

RN (NO~)CH20H ~ RNHN02 + CH20 

In dilute aqueous solutions the equilibrium is almost  completely shifted to the right.  Reaction with a 
concentra ted solution of formal in  leads to displacement  of the equilibrium to the left owing to separat ion of 
the react ion product  f rom the solution. 

E X P E R I M E N T A L  

The initial p r ima ry  ni t roamines were  obtained by the methods descr ibed in [2, 3, 8, 10-15]. 

3,3-Dinitrobutylni troamine.  This was obtained by nitrat ion of N-3,3-dini trobutylmethyl  ca rbsmate  
[16] by the usual p rocedure  [8] followed by hydrolys is  of the n i t rocarbamate  with aqueous ammonia.  The 
yield was 74%, and the product melted at 38~ (from chloroform).  Found, %: C 23.42, H 3.95, N 26.33. 
C4HsN406. Calculated, %: C 23.07, H 3.83, N 26.92. 

2,2-Dinitroaminodiethyl  Ether .  This was obtained in a s imi lar  manner  f rom 2,2-diaminodiethyl ether 
[17]. The yield was 85%, and the melting point 65-66~ (from chloroform).  Found, %: C 24.66, H 4.92, N 
28.59. C4H10N405. Calculated, %: C 24.79, H 5.15, N 28.86. 

Typical  Method for  Chlorination of Nit roamines for  the Example of EDNA. A moderate  s t r eam of 
chlorine was passed through 30 ml aqueous solution containing 1.6 g sodium hydroxide and 3.0 g EDNA at 
0-5~ and a flocculent white precipi tate  was formed.  As the compound accumulated the react ion mixture 
was f i l tered,  and the mother  liquor was made alkaline and again t reated with chlorine. The product was 
washed with iced water ,  dried in air ,  and dissolved in 25 ml ether.  The ethereal  solution was f i l tered and 
par t ly  evaporated.  As the solvent was removed  the product c rys ta l l ized  as fine needles. The yield was 4.3 
g (94%) and the melting point 44~ According to date f rom [2] the melting point is 41-41.6~ The product 
was identified by a mixed melting test.  

A moderate  s t r eam of chlorine was passed through a solution of 3.0 g EDNA in 100 ml water  at 60oC, 
and a heavy light-yellow oil was formed.  When the react ion mixture no longer increased  in weight the oil 
was separated in a separat ing funnel and washed with iced water ,  and thewhole  mass  solidified. The yield 
was 4.2 g (92%), and the melting point after  purification as descr ibed above was 44~ 

Reaction of Compound (VII) with Sodium Azide. To a solution of 2.58 g compound (VII) in 30 ml ace -  
tone was added dropwise a solution of 2.23 g sodium azide in 30 ml water;  the mixture was left for  20 min 
after  evolution of gas had ceased.  It was diluted with water  and acidified with hydrochlor ic  acid, and the 
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precip i ta te  was f i l te red  off. The yield of EDNA was 0.93 g (35%), and the melting point was 176~ The 
product  was identified by a mixed melting test  with a known sample. 

React ion of Compound (VII) with Ethanol.  To 15 ml ethanol was added 2.2 g compound (VII) and the 
mix tu re  was heated to boiling. After  removal  of the solvent 1.5 g (100%) EDNA remained;  the melt ing point 
was 176~ Without heating the react ion takes 1.5-2 h. 

2 ,5 -Din i t ro -2 ,5 -d iazahexane- l ,6 -d io l .  An 11 g sample of compound (VII) was dissolved in 10 ml 3670 
fo rmal in  at 60-70~ and kept at this t empera tu re  for  5 rain. The syrup which fo rmed  crys ta l l i zed  af ter  
s tanding for  2 days. The yield was 10.1 g (9670), and the melting point was 82-84~ Found, 70: C 23.15, H 
4.87, N 26.74. C4H10N406. Calculated,  %: C 22.85, H 4.76, N 26.66. 

The s t ruc tu re  of the compound was conf i rmed by convers ion to 2 ,5 -d in i t ro -2 ,5 -d iazahexane- l ,6 -d io l  
ace ta te ,  which has been descr ibed  before  [18]. On boiling with CH3COC1 in (CH2C1)2 the diol gave a product  
melt ing at 83~ No melt ing point depress ion  was obtained with a known sample [18]. 

C O N C L U S I O N S  

1. A convenient method has been developed for  prepara t ion  of aliphatic N-eh lo ro -N-n i t roamines .  

2. The chemical  stabil i ty of the N-ch lo ro -N-n i t roamine  dec rea se s  with inc reased  acidity in the o r i g -  
inai p r i m a r y  ni t roamine.  

3. 2 ,5 -Din i t ro -2 ,5 -d iazahexane- l ,6 -d io l  was obtained for  the f i r s t  t ime.  
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