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It iS known that T-halo nitro compounds when treated with alkalis form carbanions,  which enter into 
the in t ramo[ecular  nucleophilic substitution react ion and lead to the formation of either cyclopropane de- 
r ivat ives (C-alkylation) or  the N-oxides of isoxazolines (O-alkylation) [1, 2]. 

It wa~q interest ing to ascer ta in  the behavior of the nitrogen analogs of nitro carbanions under these 
conditions. It could be expected that the in t ramolecular  alkylation react ion will go in two directions,  and 
lead to the format ion of n i t roazir id ines  (N-alkylation) and (or) the 2-oxides of 4 ,5-d ihydro- l ,2 ,3-oxadiazoles  
(O-alkyiaticn): 
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We selected N-( f l -bromoethyl ) -N-ni t ro-m-ni t ro-p- to luenesul fonamide  (I), which was obtained by the 
ni trat ion of N-(f l -bromoethyl)-p-toluenesulfonamide (II), as the object to study the react ion for the int ra-  
molecular  alkylation of the anions of n i t ramines .  It is known that alkylnitrosulfonamides when treated with 

@ 
alkali fo rm alkylnitramine salts [3]. Consequently, the formation of the N--CH2CH~Br anion could be expected 

I 
NO~ 

when (I) is t reated with alkali. 

The react ion of (I) with KOH leads to the formation of 2-hydroxy-4 ,5-d ihydro- l ,2 ,3-oxadiazole  (III) 
in 85% yield, the s t ruc ture  of which was proved by the elemental analysis data, and by the data of mass  
spec t roscopy  (M +, corresponding to the formula  CxHr and 13C-radiospectroscopy (two s imi lar  singlets 
at 128.5 and 133.5 ppm). In the IR spec t rum of (III) the bands at 1250 and 1620 cm -1 can be assigned to the 

N--N ZO grouping [4] : 
- \ O R  

CHa O--SOz--N~CH2CHzBr KOH--~ (tII) 
I ( I )  r 

{ NO2 NO2 

An absorption maximum at 220 mp (log e 3.44) is present  in the UV spectrum of (III). A s imi lar  pic- 
ture is observed in the UV spec t ra  of the O-alkyl es ters  of alkylnitramines,  which have a kma x in the 
region 205-217 m#, loge 3.74-3.94 [5]. 

The react ion of (iII) with acids [sulfuric, hydrochloric  or acetic acid, N-n i t ro -m-n i t ro -p - to luene -  
sulfonamide (IV)] proceeds vigorously,  and is apparently accomplished by the scheme: 
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+ Hx----+ It II I xe I I It --, ICH~ N x| 

---, [OH--CH2CH2 +] + N~O X = SOsH, C1, CHACO2, ArSO~N (NO~), 
I 

CHsC(3 .OH--CH2CH~X 

N-(f l -Hydroxyethyl) -N-ni t ro-m-ni t ro-p- toluenesulfonamide (V) and acetaldehyde were isolated in the 
react ion with (IV). It is interest ing that the react ion of the O-methyl es te r  of methylni tramine [linear 
analog of (III)] with (IV) gave N-methyl -N-ni t ro-m-ni t ro-p- to luenesul fonamide ,  which proves  the general i ty  
of the chemical t ransformat ions  of the linear and cyclic nitronic es te rs  under the influence of acids.  

Remaining unanswered was the question of whether (III) is formed direct ly as the resul t  of the int ra-  
molecular  O-alkylation of the ni tramine anion or  whether the ni troazir idine is formed first ,  which then iso-  
mer izes  to (III) by analogy with the N-acyl  derivatives of aziridine [6]. In order  to answer this question 
we studied the in t ramolecular  alkylation of two i somer ic  anions, which differed in the position of the methyl 
group with respect  to the nitramine group: 

CH3 CHs 
e 1 e 1 
N--CH2CHBr and N--CII--CH~Br 
I l 

NO2 NO2 

The same as in the previous case, the react ion was run respect ively with the N-(fl-bromopropyl)-  
and N-( f l -bromoisopropyl ) -N-ni t ro-m-ni t ro-p- to luenesul fonamides  (VII) and (X), which were synthesized 
by the schemes:  

p-CHaCoH,SOzC1 + HBr. NH~CH2CH(CHs)Br --, p-CHaC-~H4SO2NHCH2CH(CI-I3)Br 
(vi) 

--,p-CHa, o-NO2C6HaSO2N(N 02)CH~CH(CHa)Br (1) 
(VII) 

CH~ 

p-CHsCsH4--S02C1 + HBr. NH~CH~CH(CHs)Br --,p-CH3C6H+SO~N / ] HB____~r + 
(viii) \ I 

CH(CH3) 
p-CH3C6H4SO~NHCH(CH3)CH~Br ---, p-CH,, o-NO~C6HaS0~N(NO2)CH(CH3)CH~Br (2) 

(IX) (X) 

If the cyclizat ion react ion goes immediately toward the formation of the O-alkylation product, then 
two different 5-methyl-  and "correspondingly" 4-methyl -4 ,5-d ihydro-  1,2,3-oxadiazole 2-oxides (XI) and (XII) 
should be formed when (VII) and (X) are  t reated with alkali:  

CH8 

CH3--\,=/--SO~--N__ --CH~CHBr ~ CH3--~/N-..~O 
I l o s  o 

NO2(VII) (Xl) 

CH3 
I CHa--O--SO~--N--CH--CH2Br -.-, C H 3 ~ - - ~  

- -  ] '+"-~o/N "-< 0 
1 NOra NO~ (X) (xtt) 

If the f i rs t  react ion act is C-alkylation, then the same methyl -N-ni t roazi r id ine* should be formed 
f rom (VII) and (X), which on isomeriza t ion can give either (XI) or (XII), or their mixture.  Judging by the 
elemental analysis data and the data of the IR, UV, and NM-R spectra,  when (VII) and (X) are treated with 
alkali the 5- an d 4-methyl -4 ,5-d ihydro- l ,2 ,3 -oxadiazo le  2-oxides (XI) and (XII) are  respect ively obtained. 

A charac te r i s t ic  band in the 1610-1620 cm -1 region is present  in the IR spectra,  while the absence 
of a band in the 1500 cm -1 region, which is charac ter i s t ic  for the N - N O  2 group in small  rings [7], also 
serves  as corrobora t ion  for the 5-membered  s t ructure  of the obtained products .  

The presented resul ts  show that the t ransformat ion of the anions of ni t ramines  of type N--c--c--x 
I 

NO2 
in alkaline medium goes s t r ic t ly  by the in t ramolecular  O-alkylation scheme.  

*It is probable that the react ion can also stop at the step of the N-ni t roazir idine.  
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E X P E R I M E N T A L  M E T H O D  

The  ]R s p e c t r a  w e r e  r e c o r d e d  on a UR-10  s p e c t r o m e t e r ,  the  UV s p e c t r a  w e r e  r e c o r d e d  on a U n i c a m  
S P - 8 0 0  s p e c t r o p h o t o m e t e r ,  whi le  the NlVIR s p e c t r a  w e r e  r e c o r d e d  on a P e r k i n - E l m e r  R - 1 2  s p e c t r o m e t e r .  

N - ( ~ - B r o m o e t h y l ) - p - t o l u e n e s u l f o n a m i d e  (II). With  v i g o r o u s  s t i r r i n g ,  to a so lu t ion  of 40 g of f l - b r o m o -  
e t h y l a m i n e  h y d r o b r o m i d e  in 300 m l  of w a t e r  a t  20~ w e r e  added  38 g of p - t o l u e n e s u l f o n y l  c h l o r i d e  in 260 ml  
of e t h e r  and 42 g of Na2CO 3 in 400 m l  of w a t e r .  The  m i x t u r e  was  s t i r r e d  fo r  5 h, a f t e r  which  the aqueous  
l a y e r  was e x t r a c t e d  with e t h e r ,  d r i e d  o v e r  Na2SO4, and the so lve n t  was  d i s t i l l e d  off. We ob ta ined  28.85 g 
(53.5%) of (II), mp  96-98 ~ ( b e n z e n e - h e x a n e ,  4 : 1). 

N - ( f l - - B r o m o e t h y l ) - N - n i t r o - m - n i t r o - p - t o l u e n e s u l f o n a m i d e  (I). To  275 ml  of HNO 3 so lu t i on  (d 1.5) a t  
- 5  to 0 ~ was  added  15.6 g of (II). The  m i x t u r e  was  s t i r r e d  fo r  15 ra in  at  0 ~ 2 h at  20 ~ and then p o u r e d  on 
i c e .  The  c r y s t a l s  w e r e  f i l t e r e d  and w a s h e d  with w a t e r .  We ob ta ined  18.35 g of (I), mp 67-70 ~ I n f r a r e d  
s p e c t r u m  (~, cm-1) :  1585, 1290 (N-NO2)  , 1185 (N-SO2)  , 1360, 1580 ( a r o m a t i c  NO2). 

NMR s p e c t r u m  (5, ppm) :  4.6 and 3.75 ( t r i p l e t s  of NCH 2 and CH 2 g r o u p s ) ,  2.62 ( s ing l e t  of CH3) , 7 .6-  
8.5 ( m u l t i p i e t  of a r o m a t i c  p r o t o n s ) .  

4 , 5 - D i h y d r o - l , 2 , 3 - o x a d i a z o l e  2 -Ox ide  (III).  To a s t i r r e d  s u s p e n s i o n  of 37.65 g of (I) in 380 m l  of 
m e t h a n o l  aL 20 ~ was  added  13.15 g of KOH p o w d e r  in s m a l l  p o r t i o n s .  The  m i x t u r e  was  s t i r r e d  for  3.5 h, 
f i l t e r e d ,  and the s o l v e n t  was  d i s t i l l e d  off. The  r e s i d u e  was  e x t r a c t e d  with e t h e r ,  the e x t r a c t  was  d r i e d  
o v e r  MgSO~, and the so lven t  was  d i s t i l l e d  off. We ob ta ined  7.61 g (84.5%) of (III), bp 40-41 ~ (0.4 m m ) ;  
n~  1.4810; d~ ~ 1.3311. Found:  C 26.96; H 4.54;  N 32.60%. C2H5N202. C a l c u l a t e d :  C 27.27; H 4.58;  N 31.81%. 
NMR s p e c t r u m :  5 4.4 p p m  ( u n s y m m e t r i c a l  t r i p l e t ) .  I n f r a r e d  s p e c t r u m  (u, cm-1) :  1620s, 1340w, 1250m, 
1040m, 10 :0m,  940m, 760s.  

R e a c t i o n  of (III) with N - N i t r o - m - n i t r o - p - t o l u e n e s u l f o n a m i d e  (IV) and H y d r o c h l o r i c  A c i d .  a) To a s o l u -  
t ion  of 0.19 g of (III) in 5 m l  of a c e t o n e  a t -  70 ~ was  added  0.65 g of (IV) in 3 ml  of a c e t o n e .  The  a c e tone  was  r e -  
m o v e d ,  and the r e s i d u e  was  washed  wel l  wi th  w a t e r .  We ob ta ined  0.13 g (20%) of (V), mp 117-120 ~ ( f r o m  
CHC13). Fi)und: N 13.59%. C9HI~N3SO 7. C a l c u l a t e d :  N 13.76%. NMR s p e c t r u m  (5, ppm):  7 .6 -8 .55  ( m u l t i -  
p i e r  of a r o m a t i c  nuc leus ) ,  4.38 ( t r i p l e t  of N-CH 2 group) ,  3.75 ( t r i p l e t  of H O - C H  2 group) ,  26.5 ( s ing le t  of 
CH3). 

b) To a s o l u t i o n  of 1.53 g of (IV) in 7 ml  of a b s o l u t e  e t h e r  a t  20 ~ was  added  0.45 g of (III) in  4 ml  of 
e t h e r  (a ga~ was  evo lved ) .  The  o r g a n i c  l a y e r  was  w a s h e d  with w a t e r  and the wash  w a t e r s  w e r e  m i x e d  with 
a s a t u r a t e d  s o l u t i o n  of 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  in  2 N HC1 so lu t ion .  A f t e r  24 h the p r e c i p i t a t e  was f i l -  
t e r e d  t o g i v e  0.16g(14%) of the a c e t a l d e h y d e  d i n i t r o p h e n y l h y d r a z o n e ,  mp  147.5-150 ~ ( f r o m  a lcohol ) ,  which  
d id  not  dep:vess  the m i x e d  m e l t i n g  po in t  wi th  an au then t i c  s a m p l e  

c) To a s t i r r e d  e m u l s i o n  of 0.2 g of (III) in 10 m l  of w a t e r  a t  a t e m p e r a t u r e  not  e x c e e d i n g  15 o was  
a d d e d  1.5 m l  of a s o l u t i o n  m a d e  f r o m  0.5 g of CH3COOK and 0.5 m l  of cone .  HC1 in 10 ml  of w a t e r .  The  
m i x t u r e  was  p o u r e d  into  150 m l  of s a t u r a t e d  aqueous  d i m e d o n  so lu t ion .  The  nex t  day  the p r e c i p i t a t e  was  
f i l t e r e d  to g ive  0.16 g (23%) of the d i m e d o n  d e r i v a t i v e  of a c e t a l d e h y d e ,  mp  137-141 ~ ( f r o m  me thano l ) ,  which 
d id  not d e p : e s s  the m i x e d  m e l t i n g  po in t  with an au then t i c  s a m p l e .  

N - ( f l - B r o m o p r o p y l ) - p - t o l u e n e s u l f o n a m i d e  (VI). To a so lu t i on  of 3.65 g of f i - b r o m o p r o p y l a m i n e  
h y d r o b r o m 2 d e  in 10 m l  of w a t e r  was  added  3.10 g of p - t o l u e n e s u l f o n y l  c h l o r i d e  in  30 ml  of e t h e r  and, wi th  
v i g o r o u s  s t i r r i n g ,  a s o l u t i o n  of 3.6 g of Na2CO 3 in  30 ml  of w a t e r  was  added  r a p i d l y .  The  m i x t u r e  was  
s t i r r e d  fo r  5 h at  20 ~ e x t r a c t e d  with e t h e r ,  and the e x t r a c t  was  d r i e d  o v e r  MgSO a. A f t e r  r e m o v a l  of the 
s o l v e n t  the r e s i d u e  was  r e c r y s t a l l i z e d  f r o m  a 4 : 1  h e x a n e - b e n z e n e  m i x t u r e .  We ob ta ined  2.65 g (55%) of 
(VI), mp  7~;-78 ~ Found:  C 41.43; H 4.49;  S 11.00; B r  27.38%. C10H14NSO2Br. C a l c u l a t e d :  C 41.10;  H 4.82;  
S 10.94, B r  27.38%. I n f r a r e d  s p e c t r u m :  3280 c m  -1 (NH). 

N - ( f i - B r o m o p r o p y l ) - N - n i t r o - m - n i t r o - p - t o l u e n e s u l f o n a m i d e  (VII). To 33 ml  of HNO 3 so lu t i on  (d 1.5) 
a t - 2  to 0 ~ was added  (VI) in  s m a l l  p o r t i o n s ,  a f t e r  wMch the m i x t u r e  was  s t i r r e d  a t - 2  to 0 ~ for  1.25 h and 
then  p o u r e d  o v e r  70 m l  of c r a c k e d  i c e .  The  c r y s t a l s  w e r e  f i l t e r e d ,  w a s h e d  with  w a t e r ,  and r e c r y s t a l l i z e d  
f r o m  e thano l .  We ob ta ined  1.85 g (71%) of (VII), mp  98-99 ~ Found:  C 31.67; H 3.27;  S 8.42; B r  20.99; 
N 10 .85~ .  CIoHI2N3SO6Br. C a l c u l a t e d :  C 31.42; H 3.16;  S 8.38; B r  20.90; N 10.99%. I n f r a r e d  s p e c t r u m  
(u, cm-1) :  1183 ( - N - S O 2 )  , 1580, 1287 (N-NO2)  , 1540, 1360 ( a r o m a t i c  NO2). 

5 - M e l h y l - 4 , 5 - d i h y d r o - l , 2 , 3 - o x a d i a z o l e  2 -O x ide  (XI). To a s t i r r e d  s u s p e n s i o n  of 11.5 g of (VII) a t  10- 
15 ~ was  a d d e d  3.54 g of p u l v e r i z e d  KOH in p o r t i o n s ,  a f t e r  which  the m i x t u r e  was  s t i r r e d  fo r  2 h at  20 ~ and 
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then evaporated.  The residue was diluted with 30 ml of ether, filtered, and the ether solution was washed 
with water and then dried over MgSO 4. After distilling off the solvent the residue was distilled to give 0.92g 
(28%) of (XI), bp 85-87 ~ (14 mm); n~ 1.4685. Found: C 35.16; H 5.84; N 27.59%. C3H6N202. Calculated: 
C 35.29; H 5.92; N 27.44%. Infrared spec t rum (v, cm-1): 960, 1000, 1240, 1620. Ultraviolet spectrum: 
233 mp. NMR spect rum (5, ppm): 1.35 (doublet, CH3) , 3.3-4.9 (multiplet of ring protons).  

2-Methyltoluenesulfonylaziridine (VIII). To a solution of 4.4 g of f l-bromopropylamine hydrobromide 
in 40 ml of water were added a solution of 3.8 g of p-toluenesulfonyl chloride in 30 ml of ether and a solu- 
tion of 4 g of NaOH in 40 ml of water .  The mixture was s t i r red  vigorously for 2 h at ~20 ~ The ether layer  
was separated,  and the aqueous layer  was extracted with ether.  The extracts  were washed with water 
and dried over MgSO 4. Then the solvent was distilled off and the residue was recrys ta l l i zed  f rom a 4 : 1 
hexane -benzene  mixture to give 2.82 g (66.5%) of (VIII), mp 64-65 ~ Found: C 57.11; H 6.36; S 15.40%. 
C10H14NSO2Br. Calculated: C 56.84; H 6.20; S 15.40%. 

N-(f l -Bromoisopropyl)-p- toluenesulfonamide (IX). Gaseous HBr was passed through a solution of 7 g 
of (VIII) in 150 ml of absolute ether at 0-10 ~ until saturated.  Then the react ion mass  was washed cautiously 
with NaHCO 3 solution, dried over  MgSO4, and the solvent was evaporated.  Recrys ta l l iza t ion of the residue 
f rom a 4 : 1  benzene-hexane  mixture gave 6.7 g (69%) of (IX), mp 83-85 ~ Found: C 41.46; H 4.91; S 11.01; 
Br 27.43%. C10H14NSO2Br. Calculated: C 41.10; H 4.81; S 10.95; Br 27.38%. 

N-( f l -Bromoisopropyl ) -N-ni t ro-m-ni t ro-p- to leuenesul fonamide  (X). To 40 ml of HNO 3 solution (d 1.5) 
at - 5  to 0 ~ was added 2.5 g of (IX) in small  portions, after which the mixture was s t i r red  for 1 h at - 2  ~ and 
then poured on 60 ml of ice. The obtained white precipitate was filtered, washed with water, and r e c r y s -  
tallized f rom ethanol. We obtained 2.48 g (76%) of (X), mp 86-87.5 ~ Found: C 31.56; H 3.45; N 10.95; 
S 8.54; Br 21.28%. Ct0HI2N3SOGBr. Calculated: C 31.42; H 3.16; N 10.99; S 8.38; Br 20.90%. Infrared 
spectrum (9, cm-1): 1180 (SO2) , 1360, 1535 (aromatic NO2) , 1285, 1580 (NO2). 

4-Methyl -4 ,5-d ihydro- l ,2 ,3-oxadiazole  2-Oxide (XII). To a s t i r red  suspension of 6.8 g of (X) in 60 ml 
of methanol at 15 ~ was added in drops a solution of 2.08 g of KOHin 5 ml of me thano l .  The mixture was 
then s t i r red  for 2 h at 20 ~ filtered, and the solvent was evaporated. To the residue was added 30 ml of 
ether, and the ether layer  was washed with water and then dried over MgSO 4. After distilling off the solvent 
the residue was distilled to give 0.6 g (31%) of (XII), bp 88-89 ~ (14 ram); n ~ - 1 . 4 6 7 9 .  Found: C 35.61; 
H 5.88; N 27.55%. C3H6N202. Calculated: C 35.29; H 5.92; N 27.44%. Infrared spectrum (v, cm-1): 1020, 
1240, 1625. Ultraviolet spectrum: 233 rap. NMR spect rum (5, ppm): 1.45 (doublet of CH3) , 3.75-4.8 (multi- 
plet of ring protons).  

CONCLUSIONS 

e I I 
The intramolecular alkylation of the anions of nitramines of type N--C--C--X goes by the O-alkylation 

NIo~ f 1 

scheme with the formation of the derivat ives  of 4 ,5-dihydro- l ,2 ,3-oxadiazole  2-oxides.  
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