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Preparation of N-nitrohydroxylamines by direct nitration 
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The possibilities for stabilization of compounds with the A--B--NO 2 fragment, where A 
is an atom containing a lone electron pair, were examined. It was shown that N-methyl-O- 
2,4-dinitro- and 2,4,6-trinitrophenylhydroxylamines undergo nitration with nitronium 
tetrafluoroborate or with a mixture of nitric acid and acetic anhydride to give the corresponding 
N-nitrohydroxylamines in high yields. N-Nitro-2,4-dinitrohydroxylamine that contains no 
methyl group at the nitrogen atom is unstable and forms a product of O-alkylation upon 
reaction with diazomethane. 

Key words: N-nitrohydroxylamines, nitration. 

Compounds  with the A - - B - - N O  2 fragment (1), where 
A is an a tom containing a lone electron pair, are poorly 
known. Apparent ly ,  this is because of  their  instability 
resulting from conversions according to the following 
scheme: 

A - - B - - N 0 2  _ ~ [A--B] + + NO2 - - 

1 2 

- A - - B - O N O  ~ decomposit ion 

3 

Because the  n i t r i t e  an ion  is amb iden t ,  its reac t ion  w i t h  
ca t i on  2 m a y  occu r  at the  n i t rogen  a t o m  to  g ive an i n i t i a l  
nitro compound  1 as well as at the oxygen 
atom to give nitrite 3. Apparently, compound NO2 
3 is thermal ly  unstable, and as a result of its , . L ,  
decomposi t ion,  the equilibrium shifts to the 
right. In principle, stabilization of  1 may 
occur in two ways. One of these ways results C 
from the  fact that  conformation (C), in which 

the splitting out of a nitrite anion with an antiperiplanar 
arrangement of  the nitro group and a lone electron pair of 
atom A should occur, is hindered or impossible for 2. 

This stabilization was fonnd in the case of  compounds  
with N - - C - - N O  2 (see Refi 1) and N - - N - - N O  2 frag- 
ments. 2 The second way of  stabil ization of  1 may occur  
through the a t tachment  of  electronegative substi tuents 
to a tom A (probably, to atom B as well), which should 
h inde r  fo rma t ion  of  ca t ion  2. We e x a m i n e d  this  
hypothesis using N-ni t rohydroxylamines  as an example.  

The pe r fo rmance  of  this  p rogram requi res  the  
d e v e l o p m e n t  o f  m e t h o d s  for  o b t a i n i n g  N - n i t r o -  
hydroxylamines  with a rather wide range o f  substi tuents 
at the N and O atoms. Data on these compounds  are 
scarce in the literature. N-Ni t rohydroxylamines  in the 
ser ies  of  o x a d i a z o l i d i n e  s and N-alkyl-O-benzoyl- 
N-n i t rohydroxy lamines ,  which were synthes ized  by 
n i t r a t i o n  of  the  c o r r e s p o n d i n g  N , O - d i s u b s t i t u t e d  
hydroxylamines with ni t ronium salts, 4 were described in 
the literature. 
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In principle,  both O-mono-  and N, O-disubsti tuted 
N-ni t rohydroxylamines are suitable as model  compounds.  
It is possible to use ni t ra t ion for obtaining both types of  
N - n i t r o h y d r o x y l a m i n e s ;  a l k y l a t i o n  o f  sal ts  o f  
O-substi tuted N-n i t rohydroxylamines  is possible to use 
for preparing compounds  of  the second type. 5 In this 
work, we found that  ni t ra t ion of  hydroxylamines  4a,b 
with n i t ronium tetraf luoroborate  gives the  corresponding 
N-n i t rohydroxylamines  (5a,b) in a lmost  quanti tat ive 
yields. The same products  but in slightly lower yields 
were obtained when nitric acid and acetic anhydride 
were used as a ni t rat ing mixture:  

R 1 R 1 

R N H O - ~ N O 2  = RN(NO2)O-~NO2  

NO 2 NO2 

4a,b 5a,b 
R= Me; R 1 = H (a), R 1 = NO 2(13) 

It should be par t icular ly  noted that  high yields of  
compounds  5 are indicative o f  the  stabili ty of  these 
compounds in acidic media,  whereas N-alkyl-  O-benzoyl-  
N-nitrohydroxylamines are very unstable in acidic media. 4 
Therefore,  instabil i ty to acids is not  an intr insic proper ty  
of  the - - O - - N ( N O 2 ) - -  system but  depends  on the nature 
of  the substi tuent at the O atom. 

As for ni t ra t ion of hydroxylamine  4c (R = R l = H), 
the use of  n i t ronium tetraf luoroborate  or  a mixture of  
nitric acid and acetic anhydr ide  in this react ion results 
in isolation of  only 2 ,4-d in i t rophenol  from the react ion 
mixture. Because compound  4c is stable to acids (this 
compound  is prepaired in the presence of  HC104), the 
fact of  obtaining of  phenol  may  be an evidence of  
f o r m a t i o n  o f  the  c o r r e s p o n d i n g  uns tab le  N - n i t r o -  
hydroxylamine.  To exclude the effect o f  an acidic 
medium,  a t tempts  were made  to ni trate compounds  4c 
with acetone cyanohydr in  nitrate,  but this c o m p o u n d  
appears to be inert  to .this reagent.  However,  the react ion 
of compound  4d ( tr imethylsi lyl  derivative of  4c) with 
ni t ronium hexafluorosi l icate in d ich loromethane ,  which 
was carried out according to the procedure  described 
previously, 7 results in quantitative isolation of  (CH3)3SiF 
(de te rmined  from the IH N M R  spec t rum)  and in 
fo rmat ion  o f  p roduc t  (5c),  wh ich  is uns table  and 
decomposes  to 2 ,4-d in i t rophenol  at 5 ~ When  5e was 
t reated with an e ther  solut ion of  d iazomethane ,  stable 
compound  6 was obtained;  according to the  data  of  
e lemental  analysis and 1H and i3C N M R  spectra,  this 
c o m p o u n d  is a product  of  O-alkylat ion of  N-n i t ro -  
hydroxylamine  5e. 

Based on N M R  spectra, diazene oxide 6 is formed 
as a mixture of  two isomers. In the  ]H N M R  spectrum, 
Me protons give signals at 8 4.06 (predominant  isomer) 
and 8 4.09 (minor  isomer); in the ]3C N M R  spectrum, 

(CH3)aSiNHO-~NO2 

NO2 
4d 

C H 3 0 ~ = N O - @ N 0 2  

O NO2 

6 

HN(NO2)O'~N02 
NO2 

signals at 8 58.9 (predominant  isomer) and 58.4 (minor  
isomer) correspond to the methyl  group. These data 
unambiguously established the structure of  6 (cf  values 
of  chemical  shifts of  the Me group of  compound  5a: 
8 3.83 and 45.8). 

Therefore, it may be concluded that the - - O N ( N O 2 ) H  
system is not stable, and, hence,  the study of  the effect 
of  substituents on the stability of  N-ni t rohydroxylamines  
should be carried out using N,O-disubstituted products 
as an example.  

Experimental 

Starting hydroxylamines 4a--c were obtained according to 
the procedures described previouslyf1,8 

N-Methyl- O-2,4-dinitro-N-nitrohydroxylamine (5a). 
a. NO2BF 4 (0.2 g, 20 mmol) was added to a sohition of 4a 
(0.4 g, 18.8 mmol) in 5 mL of anhydrous CH2C12 at -25 ~ 
the temperature of the mixture was raised to 20 ~ and then 
the mixture was poured into water and neutralized with 
NaHCO 3. The crystals formed were filtered off and washed 
with water, and compound 5a was obtained in 96 % yield 
(0.47 g), m.p. 95--96 ~ (from the 1 : 1 CH2Cl2--hexane 
mixture). 

Found (%): C, 32.68; H, 2.12; N, 21.46. CTH6N407. 
Calculated (%): C, 32.54; H, 2.32; N, 21.69. 1H NMR 
(acetone-d 6, 8, J/Hz): 3.83 (s, 3 H, MEN); 7.9 (d, 1 H, H-6, 
J6, 5 = 7.5); 8.58 (q, 1 H, H-5, J5,6 = 7.5, 35, 3 = 3); 8.82 (d, 
1 H, H-3, "/3,5 = 3). 13C NMR (DMS0-d 6, ,5): 45.8 (Me); 
118.8, 123.0; 131.1: 138.2; 144.2; 156.4 (Carom.).  

b. Compound 4a (0.3 g, 14.1 mmol) was added portionwise 
to the nitrating mixture prepared from Ac20 (0.6 g) and 
HNO3 (d = 1.5, 0.3 g) at 0 ~ the mixture was stirred for 
1 h at 5 ~ and was poured into ice water. When the mixture 
was neutralized, the formed oil crystallized out. Compound 5a 
was obtained in 83 % yield (0.3 g). 

N-Methyl-N-nitro-O-picrylhydroxylamine (Sb). a. NO2BF 4 
(0.34 g, 25 retool) was added to a suspension of 4b (0.6 g, 
23.2 mmol) in 4 mL of anhydrous MeCN at -10  ~ the 
temperature was raised to -20 ~ and then the mixture was 
poured into water and neutralized with NaHCO3. The crystals 
formed were filtered off and washed with water; compound 5b 
was obtained in 95 % yield (0.67 g), m.p. 103--105 ~ with 
decomposition (1.5:1 CH2C12--hexane). Found (%): C, 27.91; 
H, 1.90; N, 23.01. C7HsNsO 5. Calculated (%): C, 27.71; 
H, 1.65; N, 23.09. IH NMR (acetone-d 6, 8): 3.75 (s, 
3 H, Me); 9.08 (s, 1 H, H arom.). 
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b. Compound 4b (0.3 g. 11.6 mmol) was added portionwise 
to the nitrating mixture prepared from HNO 3 (d = 1.5, 0.3 g) 
and Ac20 (0.6 g) at 0 ~ the mixture was stirred at 5 ~ for 
1 h and poured into ice water. When the mixture was 
neutralized, the formed oil crystallized out. Compound fib was 
obtained in 80 % yield (0.4 g). 

N-Trimethylsilyl - O- 2,4 - dinitrophenylhydroxylamine (4d). 
All reactions with silyl-substituted compounds were carried out 
under argon in anhydrous CHzCI 2. 

A solution of N-trimethylsilyl-N,N'-diphenylurea (0.84 g, 
33.8 retool) in 2 mL of CH2C12 was added to a suspension of 
4c (0.59 g, 29.6 mmol) in 1 mL of CH2CI 2 at 20 ~ the 
mixtnre was stirred for 20 rain, the precipitate was filtered off 
and washed with CH2C12, then the solution was evaporated at 
20 ~ (10 Torr), and compound 4d was obtained in 100 % 
yield (0.8 g). IH NMR (CH2CI~, 5): 1.09 (s, MeSi). When 4d 
was treated with methanol, compound 4e was obtained in a 
quantitative yield. 

1-Methoxy-2-(2,4-dinitrophenoxy)diazene 1-oxide (6). A 
solution of 4d (2.17 g, 80 retool) in 6 mL of CH2CI 2 was 
added to a suspension of (NO2)2SiF 6 (l g, 40.3 mmol) in 
2 mL of CH2CI 2 at -20 ~ and the mixture was stirred for 
I h at -15 to -10 ~ In the ~H NMR spectrum of the 
reaction mixture, a doublet at 5 0.15 was observed (Me3SiF). 
When volatile compounds were distilled off at -15 to -10  ~ 
(8 Torr), an ether solution of diazomethane (170 mmol) was 
added dropwise to the residue, the mixture was stirred at -10 
to - 5  ~ for 20 rain, then ether was distilled off at 20 ~ and 
compound 6 (0.64 g, 31%), m.p. 95--96 ~ (EtOH), was 
obtained by preparative TLC of the residue (silica gel 5/40, a 
6 : 1 benzene---chloroform mixture was used as the eluent), 
Rf = 0.6. Found (%): C. 32.61; H, 2.31; N, 21.34. C7H6N407. 

Calculated (%): C, 32.54; H, 2.31; N, 21,69. LH NMR 
(CDC13, a): 4.06 (predominant isomer); 4.09 (minor isomer) 
(s, 3 H, Me). 13C NMR (DMSO-d6): predominant isomer: 
58.9 (Me), 118.8, I22.5, 130.7, 137.6, 143.3, 153.0 (C 
atom.); minor isomer: 58.4 (Me), ll8.5, 122.5, 130.7, 137.4, 
143.1, I53.8 (C atom.). 
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Foundat ion (Grant  N G N  000). 
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Complexes of lanthanum with radical anions of 2,2-bipyridyl and 
3,6-di-tert-butyl-o-benzoquinone 
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Complexes of a rare-earth element containing only one radical-anion ligand have been 
synthesized and isolated in pure states for the first time. The LaI2(bpy)(THF)3 complex has 
been prepared from [LaI2(THF)3]2(C]oHs) and 2,2-bipyridyl in DME. The semiquinone 
complex LaI2(SQ)(THF)3 has been obtained by reaction of lanthanum iodide with 3,6-di- 
tert-butyl-o-benzoquinone in THF in the presence of lanthanum powder. ESR spectra of the 
complexes have been studied. 

Key word: lanthanum, radical-anion ligands, ESR spectra. 

Various complexes of most t ransi t ion and non-  
transition metals with radical-anion ligands have been 

synthesized and studied by ESR spectroscopy. Never- 
theless, only a few complexes of such kind are known in 
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