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FEATURES OF THE REACTION OF 2,2-DINITROPROPANEDIOL-1,3
WITH PRIMARY AMINES

by Hanna PIOTROWSKA, Tadeusz URBANSKI,
and Krystyna WEJROCH-MATACZ

Institute of Organic Chemistry and Technology, Polytechnical University, Warszawa

W reakceji 2,2-dwunitropropanodiolu-1,3 z chlorowodorkami amin pierw-
szorzedowych w obecno$ci octanu sodu i buforu octanowego o pH 4 two-
rzy sie mieszanina zawierajgca N-alkilowe pochodne 2,2-dwunitroetylo-
aminy i-—zaleznie od rodzaju aminy — pochodne 5,5-dwunitrotetrahy-
dro-1,3-oksazyny lub 5,5-dwunitroheksahydropirymidyny.

Peagumua 2,2-IMHUTPOIIPONaHAMoNa-1,3 € THUAPOXJIOPUAAMM II€PBUYHBIX

aMMHOB B IPHUCYTCTBMM aneraTa HaTpusa M aueratHoro oOydepa (pH-4)

Bezer K obpas3oBaHMIO cMmecHu, copep:zkamieir N-alKujbHbIe IIPOM3BOJHBIE

2,2-IMHUTPOSTMIIAMMHA M, B 3aBUCUMMOCTM OT IIPUMMEHAEMOIr0 aMyHa, IIPon3-

BOJHBIE 5,5-nIMHMUTPOTETPArnpo-1,3-oKca3zmya uiam 5,5-AMHUTPOreKcarmg-
PONMPUMMAMHA.

When 2,2-dinitropropanediol-1,3 reacted with primary amines (in form

of their hydrochlorides) in presence of sodium acetate and the acetate

buffer of pH 4, N-alkyl derivatives of 2,2-dinitroethylamine resulted.

They were accompanied by derivatives of 5,5-dinitrotetrahydro-1,3-

-oxazine and or 5,5-dinitrohexahydropyrimidine, depending on the ami-
ne used.

Feuer, Bachman and May?" have shown that 2,2-dinitropro-
panediol (1) reacted with aminoacetic acid or hydrochloride of its ethyl
ester in aqueous solution at 70°C to yield 3,3,5,5-tetranitropiperidine deri-
vatives (2). The highest yield (70%) was obtained at pH 4.
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In our present work we have examined the reaction of 2,2-dinitro-
propanediol-1,3 (1) with hydrochlorides of primary amines: methyl-,
ethyl-, isopropyl- and tert-butylamine. When using hydrochloride of
the latter, we found that the reaction did not occur and unreacted 1 was
recovered. We found, eventually, that the diol 1 (1 mole) reacted at
room temperature with hydrochlorides of the amines (2 mole) in presence

* Part XCVI: Piotrowska H, Urbanski T, Woiochowicz I, Bull
Acad. Polon. Sci., sér. sci. chim., 19, 591 (1971).
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Reactions of nitroparaffins. Part XCVII 2109

of sodium acetate (2 mole) when dissolved in an acetate buffer of pH 4
(0.2 mole) to keep pH within the limits 4—5.

We did not obtain derivatives of piperidine of the type 2, but three
N-derivatives of: 2,2-dinitroethylamine (3), 5,5-dinitrotetrahydro-1,3-oxa-
zine (4), and 5,5-dinitrohexahydropyrimidine (5).

I
/O\I /N\l
O:N 0.N ] 1
>CH CH,NHR NI N—R NN e
0,N 0.\ o.N \/
3 4 5
R = CHj;, C,Hs R = C,H;, R = CHj3;, C;Hs
i'CsH'h t'Cqu i'C:xHq, t‘Cqu i—C3H7

The yield of different products depended on different amines used.
Thus all amines gave 3. Methylamine hydrochloride produced 5 but did
not furnish 4. Ethyl- and iso-propylamine gave both: 4 and 5. tert-Butyl-
amine yielded 4 but did not yield 5. All three compounds: 3, 4, and 5
have already been prepared and described in our former papers *%.

Products 4 and 5 were identified from the NMR spectra (Table 1).

We also examined the products when R = H, by reacting 1 with am-
monium chloride. The only product was 3 (R = H) —i.e. 2,2-dinitro-
ethylamine previously described by Kamlet and Dacons?®, and
obtained in a different way.

We previously established ® that amines 3 were intermediates in the
formation of hexahydropyrimidines (5). We thought that they could also
be suitable starting substances to obtain tetrahydro-1,3-oxazines (4). Sub-
sequently we reacted 3 with excess of formaidehyde in an aqueous solu-
tion and acetate buffer of pH 4. The products were practically identical
with those described above. Thus when R = CHj, only 5 was formed,
when R = C,H; or i-C;H;, both products — 4 and 5 — were obtained. With
R = t-C,H, the main product was 4 and only a small amount of 5 was
produced. As previously the identification of the products was done by
means of an analysis of NMR spectra (Table 1).

Formation of 5 from amines 3 can be explained by hydrolysis of 3
yielding one mole of amine NH,R required to form 5, i.e.:

OzN 02N
N\CHCH,NHR —%° \CHCH,OH+NH,R
0.N" 0.N"

3
3+NH,R+CH,O0 — 5+H0

The reaction was particularly favoured when R was methyl and this
was probably the consequence of the high solubility of 3 (R = CH,).

Continuing our line of research we also examined the reaction of
diol 1 with hydrochlorides of methyl and ethyl esters of aminoacetic
acid under the same experimental conditions, i.e. in the acetate buffer
in presence of sodium acetate. We found that the reaction did not differ
essentially from that described above.

When methyl ester of aminoacetic acid was used we isolated 5 (R =
= CH,COOCH,), but did not succeed in isolating 3 (R = CH,COOCH,)
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probably due to its good solubility in the reaction solution. When ethyl
ester of aminoacetic acid was used, we isolated both: 5 (R = CH,COOC,Hj;)
and 3 (R = CH,COOC,H;). The products were identified by examining
their NMR spectra (Table 1). Compound 3 (R = CH,COOC,H;) has pre-
viously been described in the literature .

It appears that the formation of derivatives of piperidine (2) is a par-
ticular case of the reaction of condensation of 2,2-dinitropropanediol-1,3
(1) with primary amines — such as aminoacids and their esters. We also
examined NMR data of 2. They are collected in Table 2.

Table 2

Chemical shifts (8) of compounds 2

l [ NO, | 0N, NO, \
. R N—CH,—CO | N—CH,—C— —C—CH—~C—
| | , \NO, | 0N \NO,
' H* ' 3.79s ; 4.19s { 4.33s
CH* | 382 | 4178 1 4.32s 3.69¢
| CH, |oee 3.938 | 3.978 3.708
| CH, | 3608 | 3.938 ; 3.978 125t 4.11a

s — singlet, t — triplet, q — quartet.
Spectra marked * were taken in (CD;3),CO, others in CDClj. Tetramethylsilan was used as internal standard.

EXPERIMENTAL

Reaction of 2,2-dinitropropanediol-1,3 (1) with hydrochlorides of amines

Sodium acetate (10.5 g, 0.128 mole), 1 (10.5 g, 0.063 mole) and amine hydro-
chloride (0.128 mole) were dissolved in the acetate buffer of pH 4 (35 cm3, 0.2 mole).
The solution was left at room temperature for 24 hours. The crystalline precipitate
of 3 accompanied by 5 when R =CH; or by 4 when R = t-C,;H, was filtered off
and washed with water. By subsequent washing with ethanol and ether products
4 (R =t-C;Hy) and 5 (R = CH,;) were removed from 3. Evaporation of ethanol and
ether furnished pure product 4 (R = t-C,Hy) and 5 (R = CH,).

In the case of ethylamine (R = C,H;) and isopropylamine (R = i-C3H;) only the
compounds 3 were crystalline. The mixture of corresponding compounds 4 and 5
was isolated by extracting the filtrate after separating 3 with ether. The extract
was dried over anh. magnesium sulphate and the solvent evaporated. The resulting
liquid mixture of 4 and 5 (R = C,H; and i-C;H;) was identified by means of NMR
spectra. The yields of 3 were: R = CH; 37%, R = C,H; 46%, R = i-C3H,; 39%, R =
= t-C;Hy 33%. The yields of 4 and 5 were: compound 4: R = t-C,H, 25%, compound
5: R = CHj; 35%o.

Reaction of 22-dinitropropanediol-1,3 (1) with ammonium chloride

Sodium acetate (6.0 g, 0.073 mole), 1 (6.0 g, 0.036 mole), ammonium chloride
(3.9 g, 0.073 mole) were dissolved in the acetate buffer of pH 4 (20 cm?’, 0.2 mole)
and left a.t room temperature for 18 hours. Product 3 (R = H) was precipitated,
wa%hed with water, ethanol and acetone. 2,2-Dinitroethylamine (3, R = H), m.p.
120°C decomp., was obtained in the yield 1.1 g (0.0081 mole, 229%0).
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Reaction of 2,2-dinitropropanediol-1,3 (1) with hydrochlorides of esters
of aminoacetic acid ‘

Sodium acetate (6.0 g, 0.073 mole), 1 (6.0 g, 0.036 mole) and hydrochloride of
methyl or ethyl aminoacetate (0.073 mole) were dissolved in acetate buffer of pH 4
(20.0 cm3, 0.2 mole) and left for 18 hours at room temperature. When methyl ester
of aminoacetic acid was used product 5 (R = CH,COOCH,) was extracted with ether,
the solution dried over magnesium sulphate, ether was evaporated and the crystalli-
ne product resulted 2.6 g (0.0081 mole, 22 yield), m.p. 63.5—65.5°C.

Analysis:
For C,¢H;(N4Oy — Calced.: 37.5% C, 5.0°% H, 17.5% N;
found: 37.7% C, 5.2°%/ H, 17.6% N.
When ethyl ester of aminoacetic acid was used, the precipitate composed of
3 and 5 (R = CH,COOC,H;) was washed with ether to remove oily product 5. The
residue from washing was crystalline 3 (R = CH,COOC,H;) with the yield 1.2 g
(0.0054 mole, 15%), m.p. 107—108°C.

Analysis:
For C¢Hy;N3Og — Caled.: 32.6% C, 5.0% H, 19.0% N;
found: 32.7% C, 5.2/ H, 19.29% N.
The solution of 5 (R = CH,COOC,H;) in ether was evaporated and the oily
product 5 was identified on the basis of its NMR spectrum.

Reaction of N-alkyl derivatives of 2,2-dinitroethylamine (3) with formaldehyde

Compound 3 (0.0225 mole) was suspended in water (35 cm?) or acetate buffer
of pH 4 (0.2 mole), aqueous 36%% formaldehyde solution (18.8 cm3, 0.225 mole) was
added and left for 3 days. The product 5 (R =CH,;) or 4 (t-C,H,) contaminated
with ca. 15% of 5 (R =1t-C,Hy) was collected, washed with water and dried in
a desiccator over phosphorous pentoxide. A particularly high yield (31%) and
purity of the substance was obtained when R = CH;. When R was C,H;, i-C;H;
the liquid mixture of the products 4 and 5 was extracted with ether, the solution
was dried over magnesium sulphate, the solvent evaporated and the components
of the liquid mixture of the products were identified with NMR spectroscopy.

s
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REAKCJE NITROPARAFIN. XCVIIL NOWE SPOSTRZEZENIA
W REAKCIJI 2,2-DWUNITROPROPANCDIOLU-1,3 Z AMINAMI
PIERWSZORZEDOWYMI

H. PIOTROWSKA, T. URBANSKI i K. WEJROCH-MATACZ

Instytut Chemii i Technologii Organicznej Politechniki, Warszawa

Kontynuujgc prace nad reakcja 2,2-dwunitropropanediolu-1,3 (1) z amingamg zba-
daliémy reakcje 1 z chlorowodorkami amin pierwszorzedowych w ol;e‘cnoém. réwno-
molowej ilo§ci octanu sodu i buforu octanowego o pH 4. StwierdziliSmy, ze pow-
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staly wowczas trzy rodzaje produktéow: N-alkilowe pochodne 2,2-dwunitroetylo-
aminy (3), 5,5-dwunitrotetrahydro-1,3-oksazyny (4) i 5,5-dwunitroheksahydropiry-
midyny (5). Zwigzki 3 powstawaly we wszystkich przypadkach. Po uzyciu metylo-
aminy powstawal zwigzek 5 (R = CH,;), a po uzyciu t-butyloaminy — zwigzek 4 (R =
=t-C,Hy). Gdy do reakcji stosowano etyloamine i izopropyloamine powstawatla
obok 3 mieszanina odpowiednich pochodnych 4 i 5. Wszystkie te zwigzki opisaliSmy
poprzednio 2%, )

Wychodzac z chlorowodorkéw aminooctanu metylu i etylu otrzymalismy w opi-
sanych wyzej warunkach pochodne 5 (R = CH,COOCH; lub CH,COOC,H;). Gdy za-
miast chlorowodorku aminy uzyliSmy chlorku amonu produktem reakcji byl zwig-
zek 3 (R = H).

Takie same produkty otrzymaliSmy dzialajac na 3 nadmiarem formaldehydu
w obecno$ci buforu octanowego o pH 4. Powstawanie w tym przypadku pochodnych
5 jako jednego z produktéw reakcji mozna wytlumaczy¢é czeSciowa hydrolizg zwigz-
kéw 3 w Srodowisku reakcji z uwolnieniem odpowiedniej aminy, potrzebnej do
zamkniecia pier$cienia heksahydropirymidynowego.
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