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The cyclization of N-polyni t roalkyl-N-ni t rosoaminoacet ic  acids to sydnones occurs  only 
under the influence of t r f f luoroacet ic  anhydride. Closing to a sydnonimine r ing does not 
occur  in the case of N-(2 ,2 ,2- t r in i t roethyl) -N-ni t rosoaminoacetoni t r i le ,  but N-(2 ,2 ,2- t r i -  
n i t roethyl) -N-ni t rosoiminoacet ic  acid imine es te r  is formed.  Removal  of the nitro groups 
in the ~/ posi t ion relat ive to the ni t rosoamino group leads to normal  occur rence  of the r e -  
action to give polynitroalkylsydnonimines.  

The cyclization of N-ni t rosoaminoaeet ic  acids and thei r  ni t r i les  to sydnones and sydnonimines has 
been developed in quite some detail [2, 3]. However, such an important  problem as the effect of e lec t ron-  
acceptor  substituents on the react iv i ty  of the N - N  =O fragment  remains  unexplained. 

In o rder  to study the nucleophilic activity of the oxygen atom of the ni t roso group as a function of the 
charac te r  of the polynitroalkyl substituents,  we investigated the cyclization of N-polyni t roa lkyl -N-ni t roso-  
aminoacetic acids and their  ni t r i les  to sydnones and sydnonimines.  

The star t ing acids were obtained via the Mannich react ion by react ion of 2,2,2-tr ini t roethanol  with the 
appropriate  amino component in alkaline media with subsequent ni trosat ion of the condensation product with 
sodium nitr i te in hydrochlor ic  acid. 

R R R 
I 1 I 

(NO2) 3CCH2OH + H2NCHCOOH--~ (NO~) 3CCH~NHCHCOONar+ (NO2) ~CCH2NCHCOOH 

NO 
I R=H, II R=CHa I, 1I 

N-(2-Halo-2 ,2-dini t roethyl) -N-ni t rosoaminoaeet ic  acids (III and IV, Table 1) were obtained f rom I as a r e -  
sult of its denitration with potassium iodide and subsequent halogenation of the dipotassium salt of N-(2,2- 
dinitro ehhyl)-N-nit ro soaminoac eric acid, 

The s t ruc ture  of I - IV was confirmed by nitrat ion of them to the corresponding N-(p01ynitroalkyl-N- 
ni t roaminoacet ic  acids (V-VIII, Table 1). 

N-(2 ,2 ,2-Tr ini t roethyl) -N-ni t rosoaminoaeetoni t rUe (IX) was p repared  by the addition of n i t roform to 
methyleneiminoacetonitr i le  and nitrosat ion of the react ion product  in a mixture of sulfuric and acetic acids.  

�9 HC (NO2) 3+H2C=NCH2cN-+ (NO2hCCH_~NHCH2CN--~ (NO~J3CCH2N CH2CN 
X I 

NO 
IX 

*See [1] for  the pre l iminary  communication.  
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TABLE 2. 

Com- 
pound x 

X't NO: 
XII NO: 

XlI] Ct 

XIV Br 

Polynitroalkylsydnones 

H 
ICH3 

H 

Empirical 
R rap, ~ formula 

Found. % Calc., ~ 

H C 
Cl, Br 

H i 
cl. B - ~ 7  ! N 

J 

92--93* C4HzNsOs 18,7] I . 2 8 , 1  

73--74 CsHsNsO8 22s !26,6 

70--71 CaH3C1N4Q -- 

N C 

1.1 ]28,0 19,0 1,2 
1,7 ~ 26,5 22,8 ! 1,9 

23.1 - -  1-5,0 

-28~i- i 9 . 8  - H 59--60 C4H3BrN406 

fr- 

o 

98 
90 

i 2 3 , 3 , 9 6  

I 

19,8 86 

*All of the sydnones melt with decomposit ion.  

N-(3 ,3 ,3-Tr in i t ropropyhaminoacetoni t r i le  (IXa) and the dinitrile of 3 ,3-d in i t ro- l ,5 -pentane-d iaminoace t ic  
acid (IXb) were prepared  by condensation of the corresponding polynitroalkylamines with formal in  and po- 
t ass ium cyanide .  

(NOd 3CCH2CH2NH~ + CH2O + KCN-+ (NO2) 3CCH~CH2NHCH2CN 

IXa 

It is known that the eyclization of unsubstituted N-a lkyl -N-ni t rosoaminoacet ic  acids to sydnones in- 
cludes in t ramolecular  reaction of the oxygen atom of the n i t roso  group with the carbon atom of the carbonyl 
group under the influence of a dehydrating agent - most  often acetic anhydride [2, 3]. 

We have established that I does not form a sydnone under the influence of acetic anhydride. The re -  
action proceeds with the liberation of oxides of nitrogen and resinif ication of the ni t roso derivative.  

Proceeding f rom concepts regarding the mechanism of the cyclization [3], one should assume that the 
negative resul t  in our case is due to the lowered electron density on the oxygen atom of the ni t roso group 
due to the inductive effect of the t r in i t romethyl  group (A and B). 

CH ~ CH.,T..- N C H,,C / /~O (NO2)aCCH2..TN CH~C.~ ''~ 
" "'~-i ~ ~OCOCH a ~J .~. "OCOCH 

N - - 0  N - - 0  

A B 

In o rde r  to re inforce  the electrophil ici ty of the carbon atom of the carbonyl  group in the mixed an- 
hydrides of N-a lkyl -N-ni t rosoaminoacet ic  acids - the intermediates  in the cyelization [3, 4] - we chose a 
dehydrating agent that has strong e lec t ron-acceptor  proper t ies  - t r i f luoroacet ic  anhydride.  In fact, under 
the influence of the latter,  I - IV react  smoothly to give high yields of sydnones (XI-XIV, Table 2). 

It is charac te r i s t i c  that, in contras t  to the previously  known types of sydnones, which a re  usually yel-  
low [2, 3], the polynitroalkylsydnones are  co lor less .  They also explode on rapid heating, are  unstable 

(F3CCO)~O XC (NO2)~CH2--N~CR~ 
XC(NO2)2CH2?CH(W)COOH -F3CCOOH N ~ / C ~ 0 1  ~_ 1 

NO 
XI-XIV 

XI X=NO2, R ' = H ;  Xll X=NO 2, R'=CH3; XII] X=Ci, R ~ H; XIV X=Br ,  Rl=H 

during storage,  are  sensit ive to air  moisture,  anddecompose  in alcohols and acetone.  T h e  r ing closing of 
ni tr i les  of N-ni t rosoaminoacet ic  acids is based on the polar i ty  of the .C=N bond and the nueleophilicity of 
the oxygen atom of the ni t roso group [2-4]. 

As in the case  of sydnones, no attempts to experimental ly establish the effect of polar izat ion of the 
ni troso group, on which the outcome of the react ion depends, are  repor ted  in the l i te ra ture .  In this respect ,  
a study of the behavior of the ni t r i les  of N-polyni t roa lkyl -N-ni t rosoaminoacet ic  acids makes it possible to 
obtain information of interest  to us. 

In analogy with the cyclizat ion to sydnones of I-IV, in the case of nitr i le IX one also should have ex- 
pected a decrease  in react ivi ty  on cyclizat ion of it to a sydnonimine. In fact,  under Conditions s imi lar  to 
those in the synthesis of sydn0nimines [2-4], we observed not only a decrease  in the react ivi ty of ni tr i le  IX 
but also a completely different react ion course .  Instead of the expected 3-(2,2,2-tr ini troethyl)sydnonimine,  
we isolated methyl N-(2 ,2 ,2- t r in i t roethyl) -N-ni t rosoiminoaceta te  hydrochlor ide (XV). 
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/I ~ (NO2)oCCH2--N~CH 
~ l I 

Clt3OIt ; HCl N~(~C= N FI, HCI 
IX 

= (NO2)3CCH2NCH~C< NH'HC| 
i OCH 3 
NO 

XV 

Reactions of this sort have not been reported. The structure of imino ester XV was proved unambiguously 

by a number of transformations via the scheme 

( H20 
XV : (NO2)3CCH2~CH2COOCH 3 HNO-~--~3 (NO2)3CCH2NCH2COOCH 3 -- Vlll 

N0 NO 2 

The initial step in the reac t ion  of XV with hydrogen chloride in methanol apparent ly includes attack 
on the ni trogen atom of the ni tr i le  group by a proton, as in the case  of the unsubstituted analogs. The resu l t -  
ing earboimmenium cation [RN(NO)CH2C =N H] + undergoes methanolysis ,  which competes with ring closing. 
This is possible when the nucleophilic proper t ies  of the oxygen atom of the ni troso group a re  weakened un- 
der  the influence of a polynitroalkyl  substituent. 

In o rde r  to follow the effect of polynitroalkyl  substituents on the N - N  =O fragment ,  we studied the be-  
havior of ni t r i les  of N-ni t rosoaminoacet ie  acids containing a nitro group in the y-pos i t ion  with respect  to 
the n i t rosoamino group. Under conditions identical  to those in the synthesis  of imino es te r  XV, the hydro-  
chloride of the corresponding .sydnonimine (XVIII, Table 3) was obtained f rom nitr i le IXe, while the nitrate 
salt  of 3-(3 ,3 ,3- t r ini t ropropyl)sydnonimine (XX) is obtained f rom nitr i le  IXa on t rea tment  with nitrogen 

N20 ~ 
IX a - (NO2)3CCH2CH2 ~CH2CN (NO2)3C C H2C H~:--" {,,E)'H N2Oa N~C f 

" N,<o/C=NH. HNO z 
NO 

- XX 

oxides immediately  without isolation of the ni troso derivative.  

N-exo-Ni t roso  derivat ives (XIX and XXI, Table 3) are  formed smoothly on t rea tment  of sydnonimines 
XVIII and XX with sodium nitr i te  in acid media; these derivat ives  are  charac te r i zed  by bright coloration 
[2, 3]. Sydnonimine XX is converted to N-exo-ni t ro  derivative XXII under the influence of sulfuric acid. 

As seen f rom Table 1, the absorption of the ni troso group in the N-polyni t roa lkyl -N-ni t rosoamino-  
earboxylic acids and their  ni t r i les  is shifted by 50 cm -1 to higher frequencies ,  while the same shift to lower 
frequencies  as compared with the unsubstituted analogs [5] cor responds  to the N - N  bond. This confirms 
our previous conclusion regard ing  the dec rease  in the degree of p-~r conjugation in the ni t rosoamine f rag-  
ment due to the inductive effect of e lec t ron-aecep tor  substituents [4, 6]. 

An intense band at 3120-3175 cm -1, which is cha rac te r i s t i c  for  the C - H  group of the sydnone ring, is 
observed in the IR spec t ra  of polynitroalkylsydnones and polynitroalkylsydnonimines.  An absorption band at 
1690-1705 cm -~, which is cha rac te r i s t i c  for the C =N bond of the sydnonimine r ing [2, 3], is observed in the 
IR spect ra  of the sydnonimines.  

TABLE 3. Polynitroalkylsydnonimines and Their  exo Derivatives 

RCHeCH2--N--CH 
1 i 
N\(~C = N R ~' Z 

Corn-i ' ~ Empirical } Found, % 
pound R R, z rap, ~ formula I 

, ~lc IH x c 

XVIIIIC(NO~)~* H HC1 217--218t CgHt4C 2N806132,6 i 4A 33.7 ]327 
.XIXjC(NO2).,*NO ! - -  i101--I03 ~cgn,oN,oOa 127,9 2,4 36;2i2S:0 

XXiC(NO~)3 !H H N O a ! l l 5 - - 1 1 6  CsHrNrO~0 {18,4 2,0 30, t 18,5 
XXI C(NO2)~ ]NO - -  86--87 CsHsNTOs 120,4 1,6 33,5 20,6 

XXIIjC(NO2)3, INO2[i - -  153--154 iC~HzN709 i19,5i 1:5 31,8119,5, 

talc., ~o I $ 

H I N ~N* 

4,2 33,9 i38 
2,6 36,3 81 
2,2 30,2 73 
1,7 33,7 86 
1,6 3! 9 [74 

* The bissydnonimine; yet another sydnonimine residue is attached 
to the dinitromethyl  group. 

All of the sydnonimines melt  with decomposit ion.  
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The absorpt ion bands of the t r in i t romethy l ,  dini t romethyl ,  and n i t roamino groups have the usual c h a r -  
a c t e r i s t i c s  [7, 8]. 

EXPERIMENTAL 

N-(2,2,2-Trinitroethyl)-N-nitrosoaminoacetic Acid (i). A 40-g sample of glycine was dissolved in the 
minimum amount of water at 90-95 ~ and the solution was treated with 44 g of sodium bicarbonate. The re- 
sulting solution of the sodium salt of glycine was added at 20-25 ~ to 130 g of 70% solution of 2,2,2-trinitro- 
ethanol [9]. After 30 rain, the reaction mixture was air evaporated to the pasty state and transferred in 
small portions to 300 ml of cooled (to 0 ~ hydrochloric acid (sp. gr. 1.23). The mixture was nitrosated at 
-5 to 0 ~ by the addition of 20 g of NaNO 2 in 40 ml of water. After 3 h, the crystalline product was sepa- 
rated and washed with ice water (three 100-ml portions). The yield of I was 39.5 g. 

Compound II was similarly obtained from ~-aminopropionic acid and 2,2,2-trinitroethanol. 

N-(2-Halo-2,2-dinitroethyl)-N-nitrosoaminoacetic Acids (III, IV). A) Dipetassium Salt of N-(2,2-Di- 
nRroethyi)-N-nitrosoaminoacetic Acid. A 2.7-g sample of I was dissolved in 50 ml of methanol, and 5 g of 
potassium iodide was added slowly at 15-20 ~ After 1-1.5 h, the mixture was diluted with 30 ml of ether, 
and the yellow precipitate was separated and washed with ether to give 2.05 g (68%) of a salt with mp II0- 
III ~ (dec.). The salt was used for the subsequent syntheses without purification. 

]3) Chlorination. A solution of 3 g of the dipotassium salt of N-(2,2-dinitroethyl)-N-nitrosoamino- 
acetic acid in 30 ml of methanol was treated with chlorine gas at 10-15 ~ until the reaction mixture became 
colorless. The inorganic precipitate was separated, and the filtrate was air dried to give 2.4 g of color- 
less crystals of III. 

C) Bromination. This reaction was carried out as in the case of chlorination. After bromination, 
the reaction mixture was acidified with hydrochloric acid. The yield of IV was 1.65 g. 

N-(2,2,2-Trinitroethyl)-N-nitroaminoacetic Acid (VIID. A 2-g sample of I was dissolved at 10-15 ~ 
in 15 ml of 98% nitric acid, and the solution was held at 20-25 ~ for 2 h. A large portion of the nitric acid 
was then evaporated, and the residue was diluted with 30 ml of cold water. The resulting precipitate was 
separated and washed with cold water to give 1.9 g of acid VIII. The product was identified by a mixed- 
melting point determination with a genuine sample of the acid [I0]. 

N-[2-Chloro(bromo)-2,2-dinitroethyl]-N-nitroaminoacetic and N-2,2,2-trinitroethyl)-N-nitroamino- 
~-methylpropionlc acids (V, VI, and VII) [I0, II] were similarly obtained from II, Ill, and IV. 

3-(2,2,2-Trinitroethyl)sydnone (XI). A 5-g sample of I was dissolved in 50 ml of ether, and 8 ml of 
trifluoroaeetic anhydride was added slowly dropwise to the solution. The mixture was stirred at 15-20 ~ 
for 1 h, after which it was cooled to 0 ~ and the resulting precipitate was removed by filtration and puri- 
fied by precipitation from ethyl acetate by the addition of hexane. The yield was 4.8 g. 

Sydnones XII-XIV were similarly obtained. 

N-(2,2,2-Trinitroethyl)-N-nitrosoaminoacetonitrile (IX). A 9.5-g sample of methyleneiminoacetoni- 
trile [12] was added to a 40% aqueous solution of 20 g of nitroform at 15-20 ~ After 30 min, the precipRate 
was separated, washed with water, and dried to give 27,5 g of X. A 10-g sample of X was dissolved in a 
mixture  of 50 ml  of acet ic  acid and 10 ml  of sulfur ic  acid (sp. gr .  1.84), the solution was cooled to 0-5 ~ and 
5 g of sodium ni t r i te  was added with vigorous s t i r r ing .  After  2-2.5 h, the mix tu re  was poured over  150 g 
of c rushed  ice, and the resu l t ing  prec ip i ta te  was s epa ra t ed  and washed with water  to give 6.9 g of IX. 

Methyl N- (2 ,2 ,2 -Tr in i t roe thy l ) -N-n i t roso iminoace ta t e  Hydrochlor ide  (XV). A 4-g sample  of IX was 
dissolved at 0-5 ~ in 75 ml  of methanol  s a tu ra t ed  with hydrogen chloride,  and the mix tu re  was held at this  
t e m p e r a t u r e  for  2 days.  Two-thirds  of the alcohol was r emoved  by dist i l lat ion at reduced p r e s s u r e  (30- 
40 ram, m e r c u r y  standard),  and 50 ml  of e ther  was added to the res idue .  The p rec ip i t a ted  substance  was 
sepa ra ted  and washed with e ther  to give 2.3 g (45%) of a product  with rap 88-89 ~ (dec.). Found: C 18.9; H 
2.8; N 26.4%. CsHgC1N608. Calculated: C 18.9; H 2.8; N 26.5%. IR spec t rum:  1608, 1310 [vC(NO2)3]; 1488 

(v N =O ); I000, 1020 (VN_N), and 1710 (v C = N) cm-l- 

A 0.5-g sample of XV was added slowly to 10 ml of water, and the resulting oil was extracted with 
methylene chloride (two 5-ml portions). The extract was dried over magnesium sulfate, the solvent was 
removed by distillation, and 5 ml of 98% nitric acid was added to the residue at 0-5% After 2 h, the mix- 
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t u r e  was poured  over  ice, and the p rec ip i t a t e  was s epa ra t ed  and dr ied.  The yield of methyl  e s t e r  of acid 
VIII was 0.4 g (80%). The e s t e r  was saponified with a 1 : 1 mix tu re  of acet ic  and hydrochlor ic  acids to acid 
VIH. The product  was identified by means  of a mixed-me l t ing -po in t  de terminat ion .  

3 ,3-Dini t ropentamethylenebis (sydnonimine)  DLhydroehloride (XVI1D. A) Dini tr i le  of 3 ,3 -Din i t ro -N ,N ' -  
d in i t r o so - l , 5 -pen t aned i aminoace t i c  Acid (IXc). A 3-g sample  of 3 ,3 -d in i t ro - l , 5 -pen taned iamine  [13] was 
d isso lved  in 50 ml  of water ,  and 1.5 g of po ta s s ium cyanide in 10 ml  of water  and 3 ml  of 36% formal in  were  
added s u c c e s s i v e l y  at 10-15 ~ After  3 h, 30 ml  of hydrochlor ic  acid (sp. gr .  1.23) was added to the mix tu re .  
It was then cooled to 0 ~ and t r e a t e d  with an aqueous solution of 3 g of sodium ni t r i te .  The resul t ing  oily 
product  was ex t rac ted  with methylene  chlor ide ( three 30-ml  port ions) ,  and the ex t r ac t  was dr ied over  m a g -  
nes ium sulfa te .  The solvent was evapora ted  to give 2.5 g (70%) of IXe as a viscous  yellow oil. The sub-  
s tance  was subjected to fu r the r  t r a n s f o r m a t i o n s  without pur i f icat ion.  

B) Sydnonimine XVIII. A 2-g sample  of d ini t r i le  IXc was dissolved in 30 ml  of methanol  sa tu ra ted  wit~ 
hydrogen chlor ide ,  and the mix tu re  was allowed to stand at 15-20 ~ f o r 2  days.  The p rec ip i t a ted  d ihydro-  
chlor ide  of sydnonimine XVIII was r emoved  by f i l t ra t ion,  washed with ether ,  and dried to give 1.05 g of 
product .  IR spec t rum:  1565, 1320 [vC(NO2)2]; 1690 (v C=N); 3150 (Vring CH) cm-1.  

3 - (3 ,3 ,3 -Tr in i t ropropy l ) sydnon imine  Ni t ra te  (XX). A 2-g sample  of N- (3 ,3 ,3 - t r in i t rop ropy l )amino-  
ace ton i t r i l e  n i t ra te  (IXb), obtained f r o m  3 ,3 ,3 - t r in i t rop ropy lamine  [14], po ta s s ium cyanide, and fo rmal in  as 
in the case  of IXa, was t r e a t e d  at 0-5 ~ with 2 g of sodium ni t r i te  (in 10 ml  of water)  in 20 ml  of 57% ni t r ic  
acid.  Af ter  2 h, the p rec ip i t a t e  was separa ted ,  a i r  dried,  and pur i f ied  by prec ip i ta t ion  f rom hot methanol  
by the addition of ethyl ace ta te .  The yield was 1.8 g. IR spec t rum:  1595, 1305 [vC(NO2) ]; 1705 (VC=N); 
3175 (v r ing CH ) era-l"  

N-exo -Ni t ro so  Der iva t ive  of 3 - (3 ,3 ,3 -Tr in i t ropropy l ) sydnon imine  (XXI). A 0.5-g sample  of XX was 
added at 0 ~ to a solution of 0.5 g of sodium ni t r i te  in 5 ml  of water ,  and the mix tu re  was acidif ied with 0.5 
ml  of 57% ni t r ic  acid and s t i r r e d  for  1 h. The b r i g h t - r e d  c ry s t a l s  of XXI were  sepa ra t ed  and washed with 
wa te r  to give 0.43 g of product .  The compound was pur i f ied  by prec ip i ta t ion  f r o m  m e t h a n o l s o l u t i o n b y t h e  
addition of wa te r .  

N-exo -Ni t ro s o  der iva t ive  XIX was s i m i l a r l y  obtained f rom XVIII. 

N-exo-Ni t ro  Der iva t ive  of 3 - (3 ,3 ,3 -Tr in i t ropr0pyl ) sydnonimine  (XXII). A 4-g sample  of sydnon- 
imine  XX was added at 5-10 ~ to 20 ml  of sulfur ic  acid (sp. gr .  1.84), and the mix tu re  was heated to 20-25 ~ 
and held at this  t e m p e r a t u r e  for  4-5 h. It was then poured  ove r  150 g of c rushed  ice,  and the p rec ip i t a te  
was s e p a r a t e d  and r e c r y s t a l l i z e d  f r o m  aqueous methanol  to give 3.0 g of product .  
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