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monium chloride; (b) hydrogenation of this ma-
terial gave dineopentylamine; (¢) the infrared
spectrum of the material showed a very narrow,
pronounced ahsorption at 6.01 u characteristic of
the C=N group and a wider, less pronounced
absorption at 3.00 u indicating the presence of NH.

EXPERIMENTALS?

t-Butylmagnesium chloride and trimethylacetonitrile. To a
titrated ether solution of 0.172 mole of ¢-butylmagnesium
chloride in a stainless stecl autoclave was added 11.6 g.
(0.135 mole) of trimethylacetonitrile (b.p. 104-105°). The
autoclave was quickly sealed under a blanket of nitrogen
and heated for 12 hr. at 150°. After the autoclave was cooled,
the contents were hydrolyzed in an aqueous solution of
ammonium chloride at 0°, and the ether layer and ether
extracts of the aqueous layer were dried over anhydrous
sodium sulfate. The ether was removed by fractionation
through a sixteen-plate column and the residue was frac-
tionated further from & column of small holdup to give the
following cuts: 1-3 ether; cuts 4-5, b.p. 68-71°, n% 1.3803-
1.3829, 1.10 g., impure trimethylacetaldehyde; cut 6, b.p.
71-92°, n¥4 1.3900, 0.45 g.; cuts 7-8, b.p. 92-118°, n%
1.3860-1.3898, 0.81 g., impure trimethylacetonitrile and
hexamethylethane; cut 9, b.p. 118-141°, »n% 1.4029, 0.36
g.; eats 10-15, b.p. 141-145°, nT 1.4080-1.4099, 3.42 g.,
2,2-dimethylpropylidene-2/,2’-dimethylpropylamine;  cuts
16-19, b.p. 110-115° (15 mm.), n3 1.4334-1.4376, 3.58 g.,
high boiling mixture of unknown structure; residue 0.59 g.
The material from cuts 4-5 gave a 2,4-dinitrophenyl-
hydrazone, m.p. 205-206°; melting pcint when mixed
with an authentic sample of 2,4-dinitrophenylhydrazone of
trimethylacetaldehyde. 206-207°.

Cuts 10-15 were further purified by means of gas-liquid
partition chromatography. The infrared spectrum of the
aldimine (I) was identical to the aldimine prepared from
trimethylacetaldehyde and neopentylamine.® Infrared spec-
trum included bands at 3.40(s), 3.56(s), 5.98(s), 6.77(s),
6.95(m), 7.18(m), 7.33(s), 8.00(w), 8.26(m), 9.38(m),
9.89(w), 10.52(w), 11.13(m), and 13.42(w) u.

Infrared analysis of the gas collected when the autoclave
was vented showed that it consisted of a mixture of iso-
butylene and ether.

A second experiment in which 2.6 molar equivalents of
Grignard reagent were used was carried out as indicated
above starting with 10 g. (0.120 mole) of trimethylaceto-
nitrile and 0.316 mole of -butylmagnesium chloride. After
fractionation there was obtained trimethylacetaldehyde
1.72 g (17%), 2,2-dimethylpropylidene-2/,2'-dimethyl-
propylamine 2.39 g. (26%) and 4.42 g. b.p. 86-90° (9 mm.)
of the high-boiling material of unknown structure.

Hydrogenation of the high-boiling material. The material
from cuts 16-19, 548 mg., methanol, 15 ml., and Raney
nickel catalyst, approximately 150 mg., were stirred under
one atmosphere of hydrogen in a microhydrogenation ap-
paratus for 34 hr. A total uptake of 100.9 ml. of hydrogen
at 18° was recorded. This corresponds to an equivalent
weight of 128 == 5. The basic product from this reduction
was separated by extraction with acid and was regenerated
with base. The phenylthiourethane melted at 138-140°; melt~
ing point when mixed with a known sample of the phenyl-
thiourethane of dineopentylamine,® 138-140°.

Hydrolysts of the high-boiling material. To 20 ml. of 6N
hydrochloric acid was added 500 mg. of high boiling mate-
rial. The reaction mixture was heated for 30 min. at 100°

(6) All melting points and boiling points are uncorrected;
microanalysis was done by Microchemical Specialties Com-
pany, Berkeley, Calif.

(7) Infrared spectra were taken with a Perkin-Elmer
Model 21 Recording Infrared Spectrophotometer.
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because the material appeared to be quite unreactive in the
acid solution. The ether extract gave a 2,4-dinitrophenyi-
hydrazone, m.p. 205-206°; melting point when mixed with
an authentic sample of the 2,4-dinitrophenylhydrazone of
trimethylacetaldehyde, 205-206°. Ammonium chloride was
isolated from the aqueous acid layer by evaporation. After
standing one month white crystals had separated in the
vial containing the high boiling material. These crystals
were separated, washed with petroleum ether and sublimed;
m.p. 153.5-154.5°; melting point when mixed with an
authentic sample of trimethylacetamide 154-155°.
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The addition of dinitrogen tetroxide to simple
olefins has been studied extensively by Levy and
Scaife! who isolated and characterized three types
of reaction products—dinitroalkanes, nitroalcohols,
and nitroalkylnitrates. This reaction has also been
applied to nitroolefins. The addition of dinitrogen
tetroxide to 2-nitro-2-butene and 2,3-dinitro-2-
butene has given 2,2,3-trinitrobutane? and 2,2,3,3-
tetranitrobutane,® respectively. The nitration of
olefins with nitric acid has been studied by various
workers,* but to our knowledge the reaction of
nitroolefing and nitric acid has not been reported.

We have studied the reaction of 2-nitro-l-pro-
pene, 2-nitro-1-butene, and 2-nitro-2-butene with
709, nitric acid under various conditions. Mix-
tures were obtained from these reactions and only
in the case of 2-nitro-2-butene, where a solid
product was obtained, was it possible to purify and
1dentify the major product. When the nitric acid
was warmed to 40° and 2-nitro-2-butene was added
dropwise at this temperature, there was isolated
8 25.39, yield of a white solid, m.p. 46-48°. The
analysis of this produect corresponded to an em-
pirical formula of CH;N;3;Os, a trinitrobutane.
The structure of the trinitrobutane was established
as 2,2,3-trinitrobutane by degradation with base
to the known 2,3-dinitro-2-butene:

NO, H NO, H
[ 70% HNO l l NaOH
CHSC=CCH3 T CHa(lj CCH3 ——
NO: NO,
i
CH;C=—=CCH;
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EXPERIMENTAL®®

Nitration of 2-nitro-2-butene. Nitric acid, 150 ml. of 709,
was warmed to 40° and 25 g. (0.25 mole) of 2-nitro-2-butene?
was added dropwise in 90 min. The temperature was main-
tained at 39 to 41° by intermittent cooling during the addi-
tion and for 1 hr. after the addition was completed.’? At
the end of this time, the temperature began to drop, indi-
cating that the reaction was completed. The mixture was
cooled to 5°, causing a white solid to separate, and poured
onto ice. The white solid was collected, washed thoroughly
with water, and dried ¢n vacuo over potassium hydroxide.
The yield of 2,2,3-trinitrobutane was 12.1 g. (25.3%), m.p.
42-45°, Recrystallization from isopropyl ether raised the
melting point to 46-48°. A Liebermann test for the nit ite
group was negative.

Anal. Caled. for C;H:N;Oq: C, 24.88; H, 3.65; N, 21.76;
mol. wt., 193. Found: C, 24.85; H, 3.75; N, 22.00; mol. wt.,
211,

Proof of structure of 2,2,3-trinitrobutane. A solution of
19.3 g. (0.10 mole) of 2,2,3-trinitrobutane in 150 ml. of
ether was cooled to 18-20° and a solution of 4.0 g. (0.10
mole) of sodium hydroxide in 50 ml. of water was added
dropwise with stirring, The yellow ether layer was separated
and the orange aqueous layer was extracted with ether.
The combined ether extracts were dried and concentrated
leaving 13.3 g. (91.2%) of yellow liquid. A sample was dis-
tilled from a Claisen flask, b.p. 102-103° (2.5 mm.), n%
1.4830, m.p. 26°.9

Anal. Caled. for C;HeN,0,: C, 32.86; H, 4.12; N, 19.17.
Found: C, 32.69; H, 4.19; N, 18.79.

When treated with ammonia it produced 2-amino-3-
nitro-2-butene, m.p. 159-160°, identical to the product
previously obtained from the reaction of 2,3-dinitro-2-
butene with ammonia.0
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In connection with a recent study of the kinetics
of bromination of naphthalene in 509, aqueous

(N Take; from the senior honors thesis of F. J. Ochs,
1957.
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§
acetic acid,? it seemed important to determine the
amount of 8-bromonaphthalene formed under these
conditions. The extent of B-bromination has not
previously been determined in solution, but its
presence could be inferred from other data. Wibaut
and co-workers have determined the amount of
a- and B-bromonaphthalene in uncatalyzed liguid
phase bromination in the temperature range
85-215°, and in the gas phase.® In the gas phase
above 300° the reaction follows a free-radical
course, but in the liquid phase a polar reaction
occurs, and the amount of B-isomer varies with
temperature from 39, to 6.89,. Small amounts of
B-isomer are formed in nitration,* and apparently
also in chlorination® and iodination.® More sig-
nificant amounts are obtained in the Friedel-
Crafts acylation” and alkylation,® and in sulfo-
nation,® although, at least in the last two cases,
the proportions of isomers are determined by their
equilibrium concentrations, rather than their
rates of formation.!

The amount of B-bromination of naphthalene
at 25° in 509, aqueous acetic acid was determined
by the isotopic dilution method, using molecular
bromine containing the isotope Br®? as the substi-
tuting agent and adding an excess of inactive
B-bromonaphthalene to the completed reaction
mixture. From the amount and the activity of the
recovered pure S-bromonaphthalene, the extent
of B-bromination could be calculated. The per-
centages of @-isomer in three different runs, each
0.01M in naphthalene, 0.13{ in potassium bromide,
and approximately 0.005)/ in bromine, were 1.07
+ 0.056, 0.981 = 0.024, and 0.992 = 0.032. The
weighted average!! is 1.00 = 0.02, and this repre-
sents the percent. S-bromonaphthalene in the total
bromination products.
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