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dried over MgSQ,. After ether evaporation the product was
purified by thin-layer chromatography (Silperl, eluent —
benzene/hexane, 1 : 1).

The following DO were obtained:

1-(2-Bromopropyl)-2-tert-butyldiazene-1-oxide (2a), yield
35 %, NMR spectrum (5g): 1.23 (s, 9 H, CMes); 2.12 (s,
6 H, MeCBr) (¢f. Ref. 1). 1-(1-Bromocyclohexyl)-2-tert-bu-
tyldiazene-1-oxide (2b), yield 52 %, NMR spectrum (8y):
1.26 (s, 9 H, CMes); 2.35 (m, 4 H, 2 CH,CBr). IR spectrum
(v/em™1): 1450 (NO); 1500 (N=N). Found (%): C, 45.44;
H, 7.50; Br, 30.49; N, 10.75. CyoH9BrN,0. Calculated (%):
C, 45.62; H, 7.22; Br, 30.41; N, 10.64. 1-(1-Bromoadaman-
tyl)-2-tert-butyldiazene-1-oxide (2¢), yield 60.5 %, m.p.
35—37 °C, NMR spectrum (5y): 1.26 (s, 9 H, CMe3); 2.87
(m, 2 H, 2 CHCBY). IR spectrum (v/em™!): 1455 (NO); 1500
(N=N). Found (%): C, 53.13; H, 7.48; Br, 25.30; N, §.90.
C4H3BrN,0. Calculated (%): C, 53.33; H, 7.30; Br, 25.39;
N, 8.88

Preparation of compound 3. A solution of benzophenone
oxime (0.4 gin 10 mL anhydrous CH,Cl,) was added dropwise,
with stirring, to a solution of N,N,-dibromo-fert-butylamine

(0.47 g in 10 mL anhydrous CH,Cly) at —5 °C under an Ar
atmosphere, stirred for 2 h at —5+0 °C, and the precipitate
was filtered off. After evaporation of the filtrate, hexane
(2 mL) was added to the remaining oil-like residue, the
precipitated crystals were filtered off, and 0.33 g (87.5 %) of
compound 3, m.p. 170—171 °C (hexane—benzene, 10 : 1)
was obtained.
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Disubstituted salts of N-nitrohydroxylamine, Angeli
salts,! are known, whereas no salts of O-substituted
N-nitrohydroxylamines (NHA) have been reported to
date. The present communication is devoted to the
preparation of compounds of this class.

Hydroxylamines (HA) 1a—d were studied as model
compounds.

RONH,
1la—d

R = C4Hg (@), CHg(b), CHZN(NO,)CHy(c), NH,OCH,CH,(d)

It was found that the method used for synthesizing
Angeli salts! and nitramine salts,2 consisting of treat-
ment of the respective substrates with alcohol nitrates in
the presence of alkaline metal ethoxides, is not suitable
for obtaining NHA salts since the HA studied do not
undergo this reaction. However, nitration of compound
1a with ethyl nitrate in the presence of potassium tert-
butoxide in THF affords the respective potassium salt of
NHA (2a) in a yield of up to 40 %. This is not a general
procedure. For example, it is not applicable to com-
pound le, which is rapidly decomposed by potassium
tert-butoxide under the reaction conditions.
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The most general method for obtaining nitramine
salts is nitration of N-acylamines followed by removal of
the acyl protection under alkaline conditions.3

Therefore, we synthesized acyl derivatives (3a—d)
from HA la—d and studied the nitration of the former
with various reagents.

When compounds 3a—d are treated with HNO; in
acetic anhydride at —10+—15 °C, the respective NHA
cannot be isolated. Apparently, this is due to the insta-
bility of the latter in acid media. Treatment of com-
pounds 3a—c¢ with nitrogen pentoxide or nitronium
fluoroborate in CH,Cl, or MeCN results in rapid disso-
lution of the nitrating reagent at —30+—20 °C, while an
increase in the temperature to —10 °C leads to decom-
position with evolution of gaseous products. However,
signals attributable to the respective NHA (3: 4.08 (MeO);
2.7 (MeCO)) could be detected in the 'H NMR spectra
of the reaction mixture produced from compound 3b.
The products of nitration of compounds 3a,b proved to
be unstable in neutral media as well. For example, the
addition of an equimolar amount of EtONa to the
reaction mixture at 0 °C gave rise to intense gas evolu-
tion. Thus, the preparation of NHA salts by the action
of bases on the intermediate N-acetyl-NHA should be
performed without isolation of the latter.

In fact, nitration of compounds 3a—d with N,O5 or
NO,BF, followed by rapid treatment of the reaction
mixture with potassium methoxide proved to be an
efficient method for obtaining K-saits of NHA, 2a—d.

[RON(NO,)]K KIN(NO,)OCH,CH,ON(NO,) 1K

2a—c 2d

It should be noted that this procedure results in the
formation of potassium nitrate or fluoroborate along
with salts 2a—d. It is sometimes difficult to separate the
former from the target products due to their similar
solubility. Therefore, an appropriate nitrating agent
should be selected in each case. For example, com-
pounds 2a,b should be obtained using nitrogen pentoxide,
while compounds 2¢,d should be produced using
nitronium fluoroborate. If, for example, compound 2b is
obtained by treatment with nitronium fluoroborate, the
product cannot be purified by recrystallization.

Experimental

Compounds 1a,b,d were prepared by the known proce-
dures.4:5:6

O-(Methylnitraminomethyl)hydroxylamine 1lc. A mixture
of sodium N-hydroxyphthalimide (16.1 g, 87 mmol) and
1-chloro-2-nitroazapropane (10.82 g, 87 mmol) in dry DMF
(80 mL) was heated with stirring for 3 h at 50—60 °C and
poured into water. The precipitate was filtered off, washed
with aqueous sodium bicarbonate and water, and dried in the
air to give 20.3 g (93 %) of N-(2-nitroazapropyloxy)phthal-
imide, m.p. 192—193 °C (C¢Hg). The product obtained and
hydrazine hydrate (8.1 mL) in MeOH (500 mL) were stirred

for 24 h at 20 °C. The precipitate was filtered off and washed
with C¢Hg. The mother liquor was concentrated, and the
residue was extracted with C¢Hg. The solvent was distilled off,
and the residue was redistilled to give 8.05 g (82.5 %) of
compound 1c, b.p. 98—100 °C (3 Torr), np?® 1.4912. Found
(%): C, 19.71; H, 5.65; N, 34.62. C,H;N30;. Calculated
(%): C, 19.83; H, 5.78; N, 34.71. IH NMR (CDCl;), &: 3.43
(s, 3 H, CHj); 5.19 (5, 2 H, CH,); 5.57 (br.s, NH,).

Nitration of compound 1a with ethyl mitrate. A mixture of
sublimed potassium fert-butoxide (1 g}, compound 1a (0.53 g),
and ethyl nitrate (0.8 g) in abs. THF (6 mL) was stirred for
20 h at 20 °C and concentrated at 25 °C (12 Torr) to give
0.4 g (39 %) of compound 2a, decomp. >200 °C. Found (%):
K, 22.48. C4HgN,0O3K. Calculated (%): K, 22.65. IR, viem™L:
1305, 1430.

O-Substituted N-acetylhydroxylamines 3a—d. Compounds
1a—d were acetylated by refluxing with acetic anhydride in
CgHg for 1—2 h. Product 3a was obtained in 88 % yield, np?0
1.4395. Found (%): N, 10.63. C¢H[3NO,. Calculated (%):
N, 10.68. The yield of compound 3b was 72 %, b.p.
88—90 °C (6 Torr). Found (%): N, 15.67. C3H;NO,. Calcu-
lated (%): N, 15.73. The yield of compound 3¢ was 75 %, m.p.
85—86 °C (CHCI;—CCly, 4:1). Found (%): N, 15.77.
CgHyN,O,4. Calculated (%): N, 15.90. The yield of com-
pound 3d was 87 %, m.p. 83—84 °C (CHCl—CCly, 4:1).
Found (%): N, 15.77. C4H;N,04. Calculated (%): N, 15.90.

Potassium salts of O-substituted N-nitrohydroxylamines
2a,b. Compound 3a or 3b (10 mmol) in abs. MeCN (2 mlL)
was added at —30+—25 °C to a stirred solution of N,Os
(10 mmol) in abs. MeCN (4 mL). After the N,0;5 dissolved,
MeOK (obtained from 20 mmol of K in 5 mL of abs. MeCN)
was added dropwise at —20+—25 °C, then the temperature was
increased to 20 °C. The resulting precipitate was filtered off,
washed with EtOH, and recrystallized from EtOH. The yield
of salt 2a was 79 %, decomp. >250 °C. The yield of salt 2b
was 92 %, m.p. 66—67 °C, decomp. >250 °C. Found (%): K,
29.76. CH3N,03;K. Calculated (%): K, 29.99. IR, v/em™!:
1310, 1430.

Potassium salts of NHA 2¢.,d. To a stirred suspension of
nitronjium borofluoride (1 g) in abs. MeCN (8 mL), an equimo-
lar amount of compound 3¢ or 3d was added at —30+—25 °C.
After the precipitate dissolved, a twofold molar amount of
MeOK in abs. MeOH was added dropwise at —20+—25 °C.
The precipitate was filtered off and recrystallized from 70 %
aqueous EtOH. The yield of salt 2¢ was 82 %, decomp.
>200 °C. Found (%): K, 19.27. C,H5N4O;K. Calculated (%):
K, 19.11. IR, viem™1: 1305, 1410, 1505—1520. The yield of
salt 2d was 80 %, decomp. >200 °C. Found (%): K, 30.35.
CoH4N4OgK. Calculated (%): K, 30.23. IR, vem™k
1300—1330, 1390—1430.
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