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of nitrocyclohexane, XIV is produced in 92 % yield after
2 hr.

CH, CH,
H,C—C—CN HGC—CIJ—CN
H,C—C—NO, NO,
CH,
XIII X1V

The displacement of a nitro group from «,a-dinitro
compounds is an especially facile process. In DMSO
the reaction of eq 5 is complete after 15 min and pro-
vides a 917 yield of XV. In DMSO (or in DMF) the

NO, NO, 1?02
@"I\Oz + (H\;C)ZC_:—NOZ —_— @‘?_CHG (5)
CH,
XV

salts of 2-nitropropane and nitrocyclohexane react
rapidly with 2,2-dinitropropane to give the correspond-
ing dinitro compounds, 2,3-dinitro-2,3-dimethylbutane
and XV, in 82-85% yields.

As a typical example: the lithium salt of 2-nitro-
propane? (14.3 g) is placed in a dry flask fitted with a
stirrer and a rubber stopple. The system is swept with
nitrogen for 0.5 hr and then 375 ml of DMSO (distilled
from calcium hydride and stored under nitrogen) is
introduced through the stopple using a hypodermic
syringe. This is followed by the addition of 12.43 g
of ethyl a-nitroisobutyrate* and then the nitrogen flow
is terminated. The stirred mixture is exposed to two
20-W ordinary fluorescent lights for 11 hr, after
which time the resulting yellow solution is poured into
ice water and extracted with ethyl ether. The ether
solution is washed with water, dried, and evaporated.
Distillation of the residue gives 14.87 g (957 yield) of
pure III: bp 69.5-70° (1 mm); n*p 1.4456. Anal.
Calcd for CyHiNO,: C,53.20; H, 8.37;, N, 6.89;
mol wt, 203. Found: C, 53.36; H, 8.56; N, 7.12;
mol wt, 205.°
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Concerning the Mechanism of Displacement of a
Nitro Group from o-Nitro Esters, Ketones, and
Nitriles and from «,-Dinitro Compounds by
Nitroparaffin Salts

Sir:

The accompanying communication!® describes a new
and general reaction—the displacement of a nitro group
from «-nitro esters, ketones, and nitriles and «,a-
dinitro compounds by nitroparaffin salts. We now
discuss the matter of mechanism; specifically, the re-
actions of eq 1 have been studied.

CH;
CHs, |
1 ) H.C—C—A
H:C—C—A 4+ (H:C)CNO, —> | + NO,~ (1)
H;C—C—NO;
NO, |
CH;
Ia, A = COOCzH, IIa, A= COOCzH,
b, A = COCeH; b, A = COC¢H;
¢, A =CN ¢, A=CN
d, A = NO, d, A = NO,

Significantly, ethyl «-chloroisobutyrate (IIla) and
ethyl a-bromoisobutyrate (IIIb) react less rapidly with
the lithium salt of 2-nitropropane than does ethyl
a-nitroisobutyrate (Ia). Indeed the «-chloro ester

( H3C)2$—COOC2H5

X
Ila, X = Cl
b, X = Br

hardly reacts at all under conditions which result in
complete reaction with the a-nitro ester. Furthermore,
whereas the «-nitro ester Ia gives (eq 1) a 957 yield of
I1a, treatment of the a-bromo ester IIIb with the lithium
salt of 2-nitropropane produces a complex set of prod-
ucts from which a 997 yield of Ila is isolated. It is
also of interest that the reaction of ethyl «-nitroiso-
butyrate (Ia) with the 2-nitropropane anion is greatly
accelerated by light.! Clearly, the displacement of a
nitro group from the tertiary carbon of Ia is not an SN2
process, a conclusion which accords with the fact that
clean C-alkylation, rather than O-alkylation, of the
2-nitropropane anion is observed.? These facts, and
the evidence presented below, lead us to propose the
chain mechanism of eq 2-5.

Ia + (H;C),CNOQ, —> (H;C),CCOOCH; + (H;C).CNO, (2)

NO: -~
v

IV —> (H,C),CCOOC,H; + NO,~ (3)

(H,C).CCOOC:H; + (HyC),CNO, —> (H,C),CCOOC;H; (4)

(H;C),CNO; -~
\%

V 4+ Ia—>Ila + IV (5)

Strong support for a chain reaction involving radical
anions is provided by the fact that 5 mol % p-dinitro-
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benzene (p-DNB) completely inhibits the reaction of
ethyl a-nitroisobutyrate with the lithium salt of 2-nitro-
propane.? Only after 4.5 hr does the reaction begin,
and by this time a parallel reaction conducted in the
absence of p-DNB is 98 9 complete.

Evidence for the involvement of free-radical
intermediates has been obtained by using galvinoxyl,
which is known to be an efficient scavenger for free
radicals.? Five mole per cent of galvinoxyl completely
stops the reaction of ethyl a-nitroisobutyrate with the
lithium salt of 2-nitropropane for 2.5 hr, after which the
reaction slowly starts up; even after 5 hr the reaction
has gone only 10%,. In contrast, without galvinoxyl,
the reaction proceeds 84 %, in 2.5 hr and is complete in
5 hr.%e

In the same way, the reaction of «-nitroisobutyro-
phenone (Ib) with the salt of 2-nitropropane (eq 1) is
completely inhibited for 30 min by either 5 mol %
p-DNB or 5 mol 7 galvinoxyl; in the absence of these
inhibitors the reaction proceeds 35%; to completion in
30 min.** We conclude that the displacement of a nitro
group from the a-nitro ketone proceeds by a chain se-
quence completely analogous to that of eq 2-5.

The reaction of 2-cyano-2-nitropropane (Ic) with the
2-nitropropane anion exhibits the same characteristics
as those employing the a-nitro ester Ia and the a-nitro
ketone Ib; at the S mol % level the presence of p-DNB
results in a dead period of 2.5 hr after which the reaction
begins. With 5 mol 9 of galvinoxyl the reaction is
completely inhibited for 1 hr. In the absence of p-DNB
and galvinoxyl the reaction proceeds 2397 in 1 hr and
47% in 2.5 hr.*® Clearly, displacement of a nitro group
from the e-nitro nitrile is a chain process. A mech-
anism analogous to that of eq 2-5, involving the (H;C),-
C(CN)NO; -~ radical anion and the (H;C).CCN radical,
is easily envisioned.

When conducted in DMSO the reaction between
2,2-dinitropropane (Id) and the lithium salt of 2-nitro-
propane is complete in 2 min but, if 5 mol 97 p-DNB is
present, it proceeds only 1097 in this time. In DMF,
galvinoxyl at the 5 mol & level completely stops the
reaction for 90 min, and even after 210 min the reaction
goes only 8%7.% In contrast, the reaction in DMF is
999 complete after 90 min. As in the preceding cases,
it is apparent that we deal with a chain reaction. Here
again it is reasonable to presume that a radical-anion
free-radical mechanism, fully analogous to that of eq
2-5, is involved.

The idea that an aliphatic nitro group is capable of
accepting one electron and that the resulting radical
anion, by loss of nitrite ion, gives a free radical (eq 2
and 3)is derived from the pioneering work of Hoffmann,
et al.* However, where the earlier workers employed
metallic sodium, or electrochemical reduction, as the
source of electrons, the present study uses nitroparaffin
salts. Itis quite remarkable that such a “low-pressure”
source of electrons as a nitroparaffin anion is able to
bring about the transformations of eq 1 and of the ac-
companying communication. !
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Ketol Rearrangements of
2-Hydroxy-2-methylcyclobutanones
Sir:

Secondary reactions have made the study of the
photocyclization of 2,3-alkanediones difficult. In the
presence of acids,'*?® bases,'™° and some metal salts,'>?
the product 2-hydroxy-2-methylcyclobutanones rear-
range. These catalysts are so effective that as ad-
ventitious impurities they cause interconversion during
photolysis and product isolation. Hence, this re-
arrangement is much more facile than those of cyclo-
butanones® and othet tertiary ketols!:? previously
reported. The two-component system (1 = 2) was
convenient for the study of catalysis. The com-
positions at equilibrium (also with four-component
systems involving 3- and 4-alkyl-2-hydroxy-2-methyl-
cyclobutanones) permit calculation of the differences
in free energy between isomers.

0o OH

k
: > HC 1
HC OH Tz 3 cH, O
HC CH; HC 0
1 2

Irradiation (three GE sunlamps at 6 cm, 2.5
hr, 25° N, in a water-cooled Pyrex cell) of 5-
methyl-2,3-hexanedione (0.1 M in benzene) gave nearly
pure 1 (nmr) after evaporation of the solvent. Simple
distillation gave a mixture of 1 (909, nmr) and 2
(10%, bp 38-42° (0.4 mm)). Pure 1 (mp 11-14°; ir
1786 and 3400 cm~!; parent mass 128; nmr (CCL,)
6 1.12 (s, 3), 1.27 (s, 3), 1.30 (s, 3), 2.41 and 2.69 (AB m,
2,J = 16.8 Hz), 3.5-4.3 concentration dependent (s, 1);
p-nitrophenylhydrazone, mp 215-217°) was obtained
by recrystallization (pentane, —78°). Slow spinning-
band distillation of a mixture of 1 and 2 gave only
pure 2: bp 38-39° (0.4 mm); ir 1784 and 3400 cm™!;
nmr (CClL) & 1.21 (s, 3) 1.24 (s, 3), 1.41 (s, 3), 2.00
(s, 2), 3.5-4.3 ppm concentration dependent (s, 1);
in benzene, ring methylene gives é 1.68 and 1.88 (AB,
m, 2, J = 11.3 Hz); p-nitrophenylhydrazone mp 142~
145°. Periodic acid oxidation of 1 gave 4-0x0-3,3-
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