108 Russian Chemical Bulletin, Vol. 44, No. 1, January, 1995

Organic Chemistry

Dinitramide and its salts
6.* Dinitramide salts derived from ammonium bases

0. A. Luk'’yanov,* A. R. Agevnin, A. A. Leichenko, N. M. Seregina, and V. A. Tartakovsky
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The methods for preparation and the properties of dinitramide salts with ammonia,
hydrazine, hydroxylamine, formamidine, their alkylated and aminated derivatives, efc. are

described.
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Representatives of a novel class of organic com-
pounds, viz., salts of dinitramide, HN;0, (DNA),! are
of interest not only from the theoretical but also from
the practical standpoint as highly power-consuming and
ecologically pure compounds.

In previous communications,!—3 the preparation of a
number of DNA salts of metals and ammonia has been
described. In the present work we report methods for the
synthesis of DNA salts with nitrogen-containing bases:
ammonia, hydrazine, hydroxylamine, formamidine, vari-
ous products of their alkylation or amination, and some
of their functional derivatives.

One of these methods involves treatment of B-func-
tionally substituted N,N-dinitramines!>? with bases (re-
action (1)) and is used almost exclusively for preparing
NH4/N(NO,),. :

XCHoCHoN(NO2)2 + NHg —  NH4N(NO»)»

M
X = CN, COMe, COPh, CO;Me

* For Part 5, see Russ. Chem. Bull., 1994, 43, 1680.

The second method is based on ion exchange be-
tween salts (reaction (2)).

MN(NO3)p +M'X == M'N(NO;), + MX (2)

In laboratory practice, it is convenient to use AgN;0,
as the starting DNA salt and a halide (M "Hal). The use
of KN30, also often leads to good results.

The most convenient method for preparing salts of
DNA with bases (B) stable in the individual state is
neutralization of DNA with these bases (reaction (3)).

HN(NOj); + B ——» HBN(NO,)2 3)

Ammonium salts of DNA can also be prepared by
heating a free non-volatile base with a DNA salt derived
from a volatile base (reaction (4)).

NH,N(NO,), + RNH, — RNH,N(NO,), + NH,  (4)

The DNA salts synthesized according to methods
(2)—(4) and their properties are listed in Table 1.

Translated from [lzvestiva Akademii Nauk. Seriya Khimicheskaya, No. 1, pp. 113—117, January, 1995.
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It was found that DNA readily forms stable salts with
almost all of the bases studied, including primary, sec-
ondary, and tertiary amines, quaternary aliphatic bases,
aromatic and heterocyclic amines, hydrazines, hydroxyl-
amines, amidines, guanidine and its amino derivatives,
aromatic diazo compounds, N-nitropyridinium or
methyleniminium cations, efc. Even strong electron-
withdrawing substituents located in the B-position with
respect to the quaternary N atom do not hamper the
formation of stable salts; this makes it possible, in
particular, to prepare double DNA salts, for example,
those derived from ethylenediamine and ethylene-
dihydrazine.

On the other hand, it should be noted that attempts
to prepare the corresponding double salts from methyl-
enediamine dihydrochloride or methylenedihydrazine
dihydrochloride and AgN;0, were unsuccessful: in the
former case, only NH,N;O, could be isolated as an
individual product, and in the latter case, the
NH,;NH, - HN3;O, salt was obtained. We also did not
manage to isolate individual double salts of DNA with
hydrazine, methylhydrazine, and dimethylhydrazine,
since these were formed as liquids or crystalline solids
(with broad ranges of melting points) with varying com-
positions, which transformed into mono salts of DNA
and the corresponding bases in the course of purifica-
tion. The reaction of urea nitrate with KN30, in ethanol
afforded a product with m.p. 98—100 °C, which was
the urea salt of DNA according to UV and IR spectra.
However, all of the attempts to purify this compound
resulted in its decomposition. It is likely that in a
solution of a DNA salt derived from a weak base, the
equilibrium is substantially shifted to the free base and
DNA, which is unstable in the individual state.

The DNA salts prepared are, as a rule, colorless
crystalline solids with rather low melting points
(15—150 °C) and decomposition points. The latter de-
pend essentially on the nature and the strength of the
base. The salts derived from simple aliphatic amines
decompose at ~120—140 °C. Only quaternary ammo-
nium and hydrazonium salts have higher melting and
decomposition points (175—228 °C). It is noteworthy
that the latter are readily converted into a waxy mass at
an elevated pressure.

Ammonium salts of DNA are usually readily soluble
in nitromethane, methyl acetate, or acetonitrile, but
insoluble in ether, benzene, or hexane. The fact that the
DNA salts derived from hydroxylamine or methoxyamine
are readily soluble in some nonpolar solvents, for exam-
ple, in ether, also deserves attention.

The hygroscopic properties of the DNA salts pre-
pared vary widely. Some of them were non-hygroscopic
(quaternary salts, aminoguanidine salts, acetamidine salts,
efc.), and some other were rather hygroscopic (the salts
with methylamine and dimethylamine, the dimethyl-
methyleniminium salt, efc.).

The sensitivity of these salts to mechanical action
also varies over a wide interval. Salts with hydrazine and
triaminoguanidine are the most dangerous to handle.

Experimental

The starting salts and bases were prepared according to the
published procedures. The melting points were determined in a
metallic unit.

Attention! Dinitramide salts are dangerous explosive com-
pounds and require the appropriate handling.

The preparation of dinitramidates by ion exchange in salts
(general procedure). Saturated (sometimes heated) solutions of
two salts were poured together, the precipitate was filtered off,
the filtrate was concentrated on a rotary evaporator in the
vacuum of a water-jet pump, and the residue was recrystallized
(in some cases, several times).

The preparation of dinitramidates by the reaction of bases
with dinitramide (general procedure). A solution of DNA was
added to a solution of a base, and the precipitate (formed
immediately or after evaporation of the solvent) was separated,
washed with ether or benzene, and recrystallized. In those
cases when the target salts were formed as oils, they were
triturated under an ether or benzene layer until they became
solid and then recrystallized. In some cases reprecipitation was
used instead of recrystallization.

Below we present examples of the syntheses that differ
somewhat from the general procedures.

Ammonium dinitramidate (1). A solution of NH,C1 (1.85 g)
in MeOH (80 mL) was added to a solution of KN30, (1 g) in
MeOH (45 mL), the precipitate was separated, and the filtrate
was evaporated to dryness. 0.7 g (82 %) of salt 1 was extracted
from the residue by hot EtOAc and recrystallized.

Bis(B,3-cyanoethyl)ammonium dinitramidate (7). A solu-
tion of DNA (from 2.5 g of KN;0,) in Et,O (50 mL) was
added to an emulsion of bis(B,B-cyanoethyl)amine (2.2 g) in
anhydrous Et,O (20 mL). The precipitate of salt 7 was filtered
off, washed on the filter with small amounts of EtOH and
Et,0, and recrystallized.

Hydroxylammonium dinitramidate (19). A solution of
KN30y (2 g) in warm MeOH (50 mL) was added to a solution
of NH,OH-HCI (547 g) in warm MeOH (60 mL). The
reaction mixture was stirred for 3 h. The precipitate was
separated, the filtrate was evaporated to dryness, and salt 19
was extracted from the precipitate with ether.

Dinitramidate of B-(dimethylamino)ethyl methacrylate (8).
A mixture of salt 1 (1.24 g) and B-(dimethylamino)ethyl
methacrylate (1.57 g) was heated (40—50 °C) in vacuo (10 Torr)
for 4 h. The residue was washed with ether and recrystailized
from isopropanol to give 1.88 g (71 %) of sait 8, which was
recrystallized two more times.

N-Nitropyridinium dinitramidate (29). N-Nitropyridinium
tetrafluoroborate (2.31 g) in MeCN (75 mL) was added to a
solution of KN30, (1.45 g) in anhydrous MeCN (100 mL).
The precipitate of KBF, was filtered off, and the filtrate was
concentrated on a rotary evaporator at 30 °C to ~20 mL. The
salt was precipitated by 20 mL of anhydrous CH,Cl, and once
again reprecipitated. The resulting dinitramidate is readily
decomposed by water to yield nitrogen oxides and reacts with
MeOH much more slowly, namely, over a period of 2 days,
according to NMR spectroscopy.



Luk ‘yanov et al.

Russ.Chem.Bull., Vol. 44, No. 1, January, 1995

110

(OVORIN—HO”N)

18—8L/— w/— HOM YOENH ““CHOHNNCH) £1
S0'9 v6's 68°L (oVOSIN—HO5I) YOENSY
oF 0% 06Z 08—6L/— SL/06 O'H—HON ‘1OHT - “CHOHNNH) (£1) YOENHT - “CHOHNNH)
w61y (HOW) YOENSY
[1\§42 — ~ 811—CI1/— 61/— HOM ‘TOHT « SINHNHN3IN (Z1) YOENH - SINHNHN W
. (CONPIN)
8—LL/— —/08—9¢ suazuag YOENH ‘““HNNH 11
YOENY
18—9L/— 9°0b/T8 swes ay | IOH « THNNH 1
§L°0S (‘ONPIN) YOEN3Y
6905 — - 08—LL/— —/9°¢9 HOSW ‘IDH - “HNNCH (I1) YOENH - “HNNH
(HOW)
08°0p 17 ‘0%H— YOENSY
T30F — - 971 —€T1/— 15/— —HO®IW ‘TOHT - THNCHD HONH (01) YOENHT - ‘HN‘HO®HONH
00°87 00%  00°9€ (=)
I6IT 6 T09¢ —/001—66 —/08 043 YOINH ‘“HNUd (6) "OENH + ‘HNud
z1e 119 L£9¢ POENPHN (8) YOENH -
T 96S 59t 1S—64/8y—9¢ —/1L (HOWd) — ‘OINNCHOHOY0D2NDHD < SOINCHITHOYOD9ND="HD
75°9¢ ey 0gIe (HOSIW) YOENH (L)
669¢ 9T  TIT LII—S11/ST1 —/s6 043 ‘HNY(CHO®HOON) YOENH - HNYCHO'HDON)
$S6€ 96 ¥£0T (HOPIW “IpAyue) YOfNH
TS6¢ 6t  STOC 69—L9/L9—59 —/96 YOId—0494 “THNCHDMHDION (9) PO'NH « “THN HDHOON
1€ (HOW) YOENSY
00 TE - — 8TT/— ~/001~ O'H—HOM IGNYIIN (S) YOEN(NPOIN)
Lee 09 89°1T ("dwoosp)gz] (HO#d) YO'NH
06°TE 09 T97¢ /(Cdwosap)oo1 —/06 0Yd—HOSW ‘NEoy (#) "OENH - NP
¥879¢ 97§ 6LST YOENH
9679t 6CS 69¢%T £€—T¢/€€—0¢ —~/001~ swes oy, ‘HNSW (€) YOENH « HN% W
85°0b Sep 0L°8 (ov01d "IpAyue) YOfNH
(541} F 006 LY—E¥/Eh—6¢ —/001~ suazueq—O4yg THNSW (7) YOENH - “HN°IN
(5v(Q1g —suexorp) YOtNH
v6—88/€6—L8 1£/08 suazuag “THN I
68—S8/— 65/28 swres Ay, IOVHN “POENY 1
(1 : ¢ ‘av0o1a
—auexoIp) YOIDYHN
P6—68/— 8/~ HOSW ‘POENY I
(‘ONCIN) IDYHN
68—¢€8/— Iv/— HOSIW ‘YOENSY (1) YOINYHN
N H o) UOTIRZI[BISAIOAT UoneZI[[e)SAIdaI (uonezy|
Io)je/uonez)] Iaye/uonezy] -1eIsA1091 I10])
oy POIBINOMED -[e18A3931 01 10ud -[e1sA1o91 03 Joud uornoess ay) Joj
(%) — punog Do/ T (%) 1es ay1 Jo poik oy JUSATOS QU sjuageoy 1eg

sonsuetoeIeyd 112yl pue (FOENH) VN JO SHes 1 djgey,



111

Russ.Chem.Bull., Vol. 44, No. 1, January, 1995

Dinitramide salts derived from ammonium bases

SOt 1940 pan( 4 ‘uonendald ,

»(AVQSW 01
18°¢¢ 0493)
99°7¢ - - £9—65/~ 18/~ HOW YOENH MOUNYHPDONLO-d (0€) YOEN(NYHONCO-d)
H{NDSIN 01
0£°0¢ 81T 86'ST 0HD)
0567 T  EESC 86—5¢/— g1/— NOS YOENY ‘PAECCONNEHSD) (67) YOEN(CONNSH®D)
(—)
— — - —/001--86 —/ZL HOM YOENY “PONH - THNODNH (82) YOENH - “HNODNH
88y 00T -
- 9% 06TC q —/LE—PE —=/SL HO°W YOENSV “1(CONN=CHD) (L) YOENCGRIAN=(HD)
1,765 91¥ $8's (HOW) YOENSY ‘IOH -
965 % 609 L8—98/— 84/96 O'H SUHNHNCEHNN=)OHNNH  (92) YOtNH - SHNHNCHNN=)DHNN?H
pI°LS 80'b 719 (HOW) rQENBY
68°IS STF 079 L5—9S/— £4/96 Ho™ ‘IOH « ‘HNHN(HN=)DHNNH (§7) YOENH - “HNHN(HN=YOHNN'H
AR (HOW) YOfNH
(S22 - — v6—16/— 0t/08 suazuag “CODH « ‘SHNHN(HN=)ONH (r?) YOINH - “HNHN(HN=)ONH
$9°0§ - - (HO¥W) YOENSY
TL0S 6E1—sc1/— $'€T/66 HOPI ‘IOH « “HN(HN=)ON®H (€7) YOP'NH - “HN(HN=)DNH
Wy STy SSPl (OVOIIN) YOENSY
$9°CF 8Ty 9991 0TI—811/— L9/56 HOSIN ‘IDH + “HN(HN=)D°IW (27) YOENH - ‘HN(HN=)DIN
LOT—$01/— 95/56 aures oy YOENBY ‘IDH - ‘HN(HN=)DH 7
oy 09¢  S6L (HOY) YOENSY
$99% 9t L £01—001/— 0£/99 HOW ‘HOV « 'HN(HN=)OH (17) YO'NH » “HN(HN=)OH
()
1o —/0L HOSIW YOENBY “IDH - “HNOSIW (07) "OENH - ‘HNOSIN
00°0v »(9VQRIN 03 auazZuaq)
(%7 - - £Z—81/- TL/e8 HOPI YONM ‘IOH - HONH (61) YO*'NH - HON'H
(HO#d) YOENH
SLI—0L1/— HOIN ‘HOCHNNEI) 81
0L°8¢ L0°9 0861 (HOW)
(25 ¥09 SL6T 8L1—9L1/— SH/€6 HO’N YOENSY T(CHNNW) (81) YOENCHNNEIW)
1t 6€ 709 06'8C (=) YOENH
I63¢ TT9 3T8C 1o oud U=0'HDPWNNH) (L1) YO'NH + “=0°HDSINNNH)
0¥y €5yl »(HOM 01 suexay) YOENSY
VA4 — ETFI €1/~ —/06 HOSW ‘TOHT - {CCCHDINNH] 1) YOENHZ « “[*("HOINN'H]
L1 v 9Pl (1:01 "HO—HOV) YOENSY
68 T% 09F &TPI ps—€5/— $$/T6 O‘H—HO¥ IDHT - “(CHDSIINNTH) (ST) YOENHT « CTHDSNNNIH)
SL6Y 8¢ LST (HOW)
766 LIS A STI—011/— 0L/— 044—HOH YOINH ““(CHOHNNSH) (#1) YOENH « “(CHOHNNH)
N H D uoneZI[[eISAI0aI UOI1RZI[[R1SAI0a] (uornyezij
19)Je/uonezy| Ia)ye/uonezi| -1B1SA1031 10})
palemore)d -JeisAaoal 03 roud -[e1sAioar 03 Joud uonoeal 2Yy) 10J
(%) T punog Do/ W (%) 1S 311 JO PJaIA Sy L JJUSAJOS Y] sjuagedy] 1es

(panupuo2) 1 IqeL,



112 Russ.Chem.Bull., Vol. 44, No. 1, January, 1995

Luk yanov ef al.

References

1. 0. A. Luk'yanov, V. P. Gorelik, and V. A. Tartakovsky, /zv.
Akad. Nauk, Ser. Khim., 1994, 94 [Russ. Chem. Bull., 1994,
43, 89 (Engl. Transl.)].

2. 0. A. Luk'yanov, Yu. V. Konnova, T. A. Klimova, and V. A.
Tartakovsky, Izv. Akad. Nauk, Ser. Khim., 1994, 1264 [Russ.
Chem. Bull., 1994, 43, 1200 (Engl. Transl.)].

3.0. A. Luk'yanov, O. V. Anikin, V. P. Gorelik, and V. A.
Tartakovsky, Izv. Akad. Nauk, Ser. Khim., 1994, 1546 [Russ.
Chem. Buli., 1994, 43, 1457 (Engl. Transl.)].

Received June 28, 1994;
in revised form October 10, 1994




