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Orientation of Dinitrogen Trioxide Addition to 2-Methylpropene and
Structure of the Addition Product

By Joser Pras
(Department of Chemistry, Heriot-Watt University, Riccarton, Currie, Edinburgh EH14 4AS)

Summary The structure of the crystalline addition product
of dinitrogen trioxide to 2-methylpropene is established
unequivocally as trans-2-methyl-2-nitroso-1-nitropropane
dimer indicating that the addition proceeds at least
partially if not predominantly by a radical mechanism.

SURPRISINGLY the earlier suggestion! that the products of
addition of N,O, to alkenes are vic-nitroso-nitrites has been
revived recently,? although the overwhelming majority of
evidence available from the literature is in favour of the
isomeric wic-nitronitroso (pseudonitrosite) structure. An
unambiguous assignment of the structure of these adducts
is of interest since it establishes the orientation of addition
and consequently permits a distinction between an electro-
philic and a radical addition mechanism.

Here the results of a re-examination of the structure of
the solid 2-methylpropene-N,O, addition product are
reported. Using both spectroscopic and chemical tech-
niques the product is shown unequivocally to be 2-methyl-
2-nitroso-1-nitropropane {1a) and its trans-dimer (1b). The

alternative structures (2)—(4) and their dimers are
excluded.
Me,CCH,NO, 0
Mez?CHZNO2 /N =N < Me,CCH,ONG
NO 0 Me,CCH,NO, NO
(1a) (1b) (2)
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(3) (4) (5)

When a cold (—70°C) solution of N,O, in ether-iso-
pentane was added to a solution of an excess of 2-methyl-
propene in isopentane kept at —20°C a rapid and exo-
thermic reaction was observed which yielded a white
crystalline solid and a blue unstable oil of complex compo-
sition. {N.m.r. and g.l.c. analyses indicated three main
constituents of the oil [(1), 2-methyl-1,2-dinitropropane, t
and 2-methyl-1-nitropropan-2-ol}] and several minor
constituents including 2-methyl-1-nitropropene§}. The
white solid, of m.p. 83 °C and composition C,HgN,O,, has
been isolated previously and has been described as the
dimer (1b) of (1a),?»? or the dimers of (3)° or, more recently,
(4).2

The chemical properties of this compound provide clear
evidence, however, that its structure can only be (1). Its
initially colourless solutions in organic solvents turn blue
rapidly at room temperature owing to dissociation. This
property is generally typical of only tertiary but not of
secondary or primary aliphatic nitroso-compounds for
which dissociation is not facilitated by steric hindrance®
ruling out structures (3) and (4). Structures (2) and (4)
are also unlikely since solutions in methanol are stable
even in the presence of dilute mineral acid and the solvo-
lysis of nitrites in alcohols is known to take place exception-
ally easily and rapidly.” Neither a nitroso-alcohol nor
the methyl nitrite which would be formed are found and
the adduct can be isolated unchanged from methanol.
Further evidence compatible with (1) and (3) only is
obtained from a study of the oxidation of the adduct.
Oxidation of the blue dichloromethane solution by m-
chloroperbenzoic acid or nitrogen dioxide at room tempera-
ture converts the adduct into 2-methyl-1,2-dinitropropanet
in 75 and 909, yield, respectively. Finally the thermolysis
of the adduct at 95—100 °C was re-investigated since it is
reported to provide evidence for (4) [or (3)] by virtue of
oxime formation.2 The yellow liquid obtained from this
decomposition in the melt was found by ir. and n.m.r.
spectroscopy, and g.l.c., to consist of two major products,
2-methyl-1-nitropropene§ and 2-methyl-1,2-dinitropropanet
and a minor product, 2-methyl-1-nitropropan-2-ol.1

None of the three analytical methods used provided any
evidence for an oximeq and since a terminal nitro-group is
present in each of the three products these results again
support structure (1) rather than (2)—(4).

Further and even more conclusive evidence for (1) was
obtained from an investigation of the spectroscopic
properties of the adduct. The values for the chemical
shifts in the n.m.r. spectra in CDClg® and (CD,),CO? were
confirmed but they cannot discriminate unambiguously
between the four structures. However at a concentration
of 0-1 M in CDCl;, at ca. 38 °C and at equilibrium >989]
of the adduct is dissociated to monomer according to the
n.m.r. spectrum, supporting the chemical evidence in
favour of (1). The ir. spectrum** of the solid dimer
shows strong absorptions characteristic of a primary
aliphatic nitro group and of a trams-azodioxy linkagel?
whilst the characteristic pattern for Me,CNQO,® or absorp-
tions for a nitrite group are absent. Consequently the i.r.
spectrum is only compatible with structure (1b).

The electronic absorption spectrum in methanol [Amax
663 (e 20-6) and 253 nm (265)] is as expected for a com-
pletely dissociated tertiary aliphatic C-nitroso-compound.

+ M.p. 50 °C., lit.,* 53 °C; i.r. (KBr): 1560, 1550, 1405, 1385, 1380, 1352, and 1272 cm~; n.m.1. & (Me,Si; CCl,) 1-75 and 4-95.
t L.r. (CCly): 3520, 3375, 1560, and 1385 cm—1; n.m.t. § (Me,Si; CDCl,) 1:36 (6H), 3-01 (1H), and 4-44 (2H).

§ I.r. (CCl): 1525 and 1359 cm—!; n.m.r. § (Me,Si; CCl,) 1-96 (3H, J 1-5 Hz), 2-25 (3H, d, J 1-5 Hz), and 6-95 (1H, septet, [ 1-5
z).

9] The n.m.r. spectrum wrongly assigned to an oxime in the literature? is due to 2-methyl-1-nitropropene§ since a spectrum identical

to the one published? was obtained for this compound in (CD,),CO.

** Lr. (KBr) 1562, 1382, 1278, 1260, and 1222 cm™!.
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The absorption in the u.v. spectrum, although stronger
than usual, is attributable to a nitro but not to a nitrite
group. Finally an additional unambiguous distinction
between (1) and (3) was achieved by e.s.r. spectroscopy.
When a benzene solution of the nitroso-adduct was exposed
to visible light, a method known to result in the formation
of sym-dialkyl nitroxides from nitroso-compounds by
photo-dissociation of the C-NO bond, a strong nitroxide
spectrum was observed [ay 14:8 G (triplet), ay 0-536 G
(quintet); g 2-0062]. The e.s.r. parameters measured,
particularly the small hyperfine splitting due to four
equivalent y-hydrogen atoms observed at high resolution,
provide firm evidence that the species observed is (5).
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The formation of such a nitroxide is only consistent with
structure (1) for the adduct since (2) is eliminated on
account of the electronic spectrum.

In summary both chemical as well as spectroscopic
techniques confirm that the addition product of N,O4 to
2-methylpropene is the dimer of (1). Consequently these
results support the interpretation that the addition of
N,O, to alkenes proceeds by a radical mechanism?:!* and
it appears that suitable conditions have yet to be found
where an electrophilic addition mechanism?® will predomi-
nate in additions of N,O, to alkenes.
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