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chloroform and the calculated amount of bromine in
chloroform added separately to each. The resulting di-
bromides were then distilled under vacuum. From com-
parisons with the published constants of Boord and
Schmidt? for the olefiuis and their dibromides it is probable
that the hydrogenation products obtained were as follows:
Fraction I, b. p. 53.0°, 4-methyl-1-pcntene; Fraction II,
b. p. 58.0° cis-4-methyl-2-pentene; Fraction III, b. p.
65.0°, 2-imethyl-2-peatene.

The per ceut. vields on these fractious were 5.9, 44.4,
and 40.7, respectively. It is possible that Fraction I was
trans-4-methyl-2-peutene, b. p. 54,2-55.2,% instead of 4-
methyl-1-pentente, b. p. 53.6-53.9.5 Au insufficient
quantity was available for conversion to the dibromide
and complete ideutification.

(3) Boord and Schmidt, Tr1s JourNAL, B4, 734, 760 (1932).
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Summary

The reactions of 4-methyl-1,3-pentadiene with
bromine, sulfur dioxide, a diazonium salt, phos-
phorus pentachloride, and hydrogen have been
investigated and the products characterized.
Additions to the 1,2-, 3,4- and 1,4-positions were
observed. .

Reactions of 4-methyl-1,3-pentadiene with sev-
eral activated mono-enes under various conditions
could not be made to yield cyclic products of the
Diels—Alder type. This inertness is attributed to
steric hindrance.
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Utilization of Aliphatic Nitro Compounds.

X. The Condensation of Aromatic

Diazonium Salts and Hydroxides with Amino-Substituted Secondary Nitroalkanes

By GerHARD VAN Biema! witH Ep. F. DEGERING

It has been shown by Feasley and Degering?
and Gochenour and Degering® that arylazo de-
rivatives can be prepared from secondary nitro-
paraffins, RCH(NO.)R’, as well as from second-
ary nitroalcohols of the type RCH(NO.)(CHy),-
OH. The products obtained by coupling such
compounds with various diazonium compounds
were brightly colored, crystalline substances,
some of which were capable of dyeing fabrics,

the preparation of 1-N-morpholino-2-nitro-2-(4-
chlorophenylazo)-propane, as follows:

p-Chloroaniline, 3.18 g. (0.025 mole), was dissolved in
15 ml. of concentrated hydrochloric acid (sp. gr. 1.19) and
20 ml. of water. Sodium nitrite, 1.88 g., in about 30 ml. of
water, was then added fromn a dropping funnel with con-
stant stirring. Stirring was continued for ten more min-
utes after the addition. A solution of 4,35 g. (0.025 mole)
of 1-N-morpholino-2-nitropropanie in 10 ml. of concen-
trated hydrochloric acid (sp. gr. 1.19) and 30 nl. of water

TasLe 1

Nitro-
amine Appearance of
Amine diazotized coupleds azo-compound

Aniline M Yellow crystals
8-Naphthylamiue M Red plates
B-Naphthylamine B Red powder
Anthranilic acid M Gold plates
p-Aminobeuzoic acid M® Yellow crystals
p-Chloroaniline® B Orange needles
p-Chloroauiline’ M Orange crystals
o-Nitroaniline M Orange ncedles
m-Nitroaniline M Yellow crystals
p-Nitroaniline M Yellow needles
2.4-Dichloroaniline M Orange needles
p-Aminoazobenzene M Lt. browu powder

« M = 1-N-morpholiito-2-uitropropauc; B =
on prolottged standing.

The present investigation was undertaken with
the object of preparing from 1-di-n-butylamino-2-
nitrobutane and 1-N-morpholino-2-nitropropane,
derivatives which might be useful as dyes. The
diazotization of the two nitroamine$, prepared
by the method of Cerf de Mauny,* is illustrated by

(1) An ahsiract of .a thesis submitted to the Faculty of Purdue
University by Gerliard Van Biema in partial fulfillnient of the re-
quirements for the degree of Master of Science, December, 1943,

(2) C. F. Feasley and Ed. F. Degering, J. Org. Chem., 8, 12ff,
(1943).

(3) C. Gochenour, M.S. Thesis, Purdue University, 1943.

(4) H. Cerf de Mauny, Bull. soc. chim., 5] 4, 1451-1460 (1937).

1-di-n-butylaminpe-2-nitrobutane.
¢ Constitution 1ot satisfactorily established.

Corrected m. p. Approxi-
of product, e Nitrogen, % mate
=C. Cated. Found yield, %
127.6 20.15 201 20.1 22
152.1 17.07 16.4 16.5 25
130.8 14.58 4.0  14.6 17
172.5 17.40 1.8 12.1° 13
1984 17.40 7.0 17.3 26
109.9 15.18 150 15.3 7
126.8 17.90 17.6  17.6 26
117.8 21.65 21.6 20.9 32
120.6 21.65 1.2 21.4 41
147.9 21.65 260 2594 46
92.6 16.13 15.5 15,7 48
166.8 22.0 2.2 224 80

b = Dasic coupling. ¢ Decomposes
g

was sintilarly added. The solution turned yellow, then
orange, atid a bright orange solid was formed which was
recovered from the solution by filtration. The product
was dried over anthydrous potassiuin carbonate in a vac-
uum desiccator and recrystallized from 200 ml. of 309
ethanol, yielding 2 g. of bright orange needles melting at
124.5° (cor. 126.8°).

In order to determine whether the yields could
be improved by varving the pH of the coupling
solution a series of couplings was carried out
quantitatively, the pH of the solutions after
coupling being 1easured by means of a pH-meter
equipped with a glass electrode. Best results
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were obtained at a pH of about 1. A note of
caution should be added here concerning at-
tempts to couple in solutions of a pH between 7
and 10: such solutions have been observed to ex-
plode with great violence during the coupling
process, even though kept at temperatures below
5°,

In a few cases it was possible to couple 1-N-
morpholino-2-nitropropane in basic solution, The
other nitroamine was insoluble even in hot sodium
hydroxide solution. For coupling in alkaline
solution the diazotized solution was neutralized
in the cold with an excess of 2 IV sodium hydrox-

ide, the nitroamine dissolved in dilute, hot so- -

dium hydroxide solution, cooled and coupled in
the cold. The product was precipitated by acidi-
fication with hydrochloric acid.

The melting points of all the compounds pre-
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pared were sharp, decomposition taking place in
some cases. The azo-compounds were insoluble in
water and in dilute mineral acids, as well as in
most organic solvents. They were slightly soluble
in dilute bases and quite soluble in hot ethanol.
They ranged from bright yellow to deep red in
color. A few of them, particularly those derived
from p-chloroaniline, decomposed on prolonged
standing. A list of the physical constants is

_given in Table I.

Summary
Twelve new azo-compounds were prepared by
the coupling, usually in acid solution, of amino-
substituted secondary nitroparaffins with aryldi-
azonium salts or hydroxides, and certain of their
physical properties determined.
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{ConTRIBUTION FROM THE CHEMICAL LABORATORY OF IowaA STATE COLLEGE]
The Quantitative Analysis of Alkyllithium Compounds®

By HENrY GILMAN AND A. H. HAuBEIN

The simple acid titration procedure? for the
quantitative analysis of organometallic com-
pounds which give bases on decomposition by
water yields values that may be high, particularly
with RM compounds that cleave ether, For ex-
ample, the lithium hydroxide formed by hydroly-
sis of an aliquot of an organolithium compouud
is derived not only from the RLi compound but
from ROLi compound, as well as from lithium
hydroxide and lithium oxide due, respectively, to
traces of water and oxygen.

Ziegler and co-workers?® obtained true titration
values by a differential based on titration of two
aliquots. One titration was for the total lithium
hydroxide present. The other titration was for
the lithium hydroxide present after destroying the
RLi compound, and the difference between the
two titrations gave the quantity of RLi compound,
Prior to the second titration, the RLi compound
was destroyed by adding z-butyl bromide and
then dibenzylmercury; the benzyllithium, formed
by reaction of the RLi compound and dibenzyl-
mercury, was promptly decouiposed by the butyl
browmide.

We have found that beuzyl chloride is a more
convenient reagent than the butyl bromide-di-
benzylmercury combination for removing the
RLi compound. The reaction which occurs ap-
pears to be like that observed earlier by Spath*

(1) Paper LVI in the series: *The relative reactivities of organo-
metallic compounds’’; the preceding paper with Van Ess and Shirley
is in THIS JOURNAL, 66, 1214 (1044).

(2) Gilman, Wilkinson, Fishel and Meyers, THIs JoURNAL, 46, 150
(1923).

(3) Ziegler,
(1929).

(4) Spiatl, Monatsh., 34, 1965 (1913).

Créssmann, Kleiner and Schifer, dnn., 478, 31

and by Fuson® with Grignard reagents, three
coupling products being formed

n-C{HyLi + CeH:CH,Cl —>
n-Cngg + C¢H5CH2C4H9>7¢ + CaHsCHzCHzCoHs

The above over-all reaction is not a complete
picture of the transformations involved. Benzyl-
lithiuun is an intermediate compound, formed as
a consequernce of a halogen-metal interconversion®
reaction

CszLi + C¢H5CH2C1 — CaHsCHng + C2H§C1

The benzyllithium formed in this manner un-
doubtedly accounts for part of the bibenzyl by a
coupling reaction with some of the benzyl chlo-
ride, The transitory yellow color observed when
benzyl chloride is added to #-butyllithium is due
to benzyllithium. More particularly, the benzyl-
lithium was captured as phenylacetic acid when
a mixture of ethyllithium and benzyl chloride
(cooled to —50° to reduce the rate of coupling)
was very rapidly carbonated by solid carbou di-
oxide.

The quantitative analysis procedure is appli-
cable to alkyllithium, but not to aryllithiuiu com-
pounds. It cannot be used with methyllithium
and with phenylethynyllithium, very probably be-
cause of their lesser reactivity.

Experimental

Analytical Procedure.—The solution of an alkyllithium
compound? is filtered under nitrogen, preferably through
a sintered glass funnel, to remove insoluble material, An

(3) Fuson, THis JOURNAL, 48, 2681 (155‘26); Ellingboe and Fuson,
ibid., 55, 2060 (1933).

(6) CGilman and jJones, 7bid., 68, 1441 (1941).

(7) Gilniau, Langham and Moore, ibid., 62, 2327 (1940).



