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ments and about one-tenth the value in the other
experiments.

Table I shows that the deviation from first order
(as measured by A) over a wide variety of condi-
tions is negligible if the only anion is perchlorate.
However, when the ferric is added as nitrate, the
deviations become quite significant. The variety
of conditions in the experiments with nitrate present
is not great enough to lead to conclusions as to the
nitrate dependence of A, but combination with
Andersen’s results shows that the nitrate depend-
ence is not simple, The peroxide/iron ratio is even
less in these experiments than in Andersen’s.

The reactions

OH + NOy~ —> OH~ -+ NO; (7)
NO& -+ H202 —_—> NO.’(_ -+ H* + HO;‘ (8)

suggested by Taube and Bray!! to account for the
effect of nitrate on the reaction between ozone and
hydrogen peroxide will not by themselves account
for a decrease in the hydrogen peroxide decomposi-
tion rate since they neither start nor stop reaction
chains. However, the chain termination processes

NO; + e’ = —> NO;~ - Fet*+ ()

NO; + Oy7 —> NO;™ + O. (1)

appeal to be plausible substitutes for reaction (6).
A reaction of NO; with hydroxyl radicals is improb-
able since the products would include the highly en-
dothermic atomic oxygen or its conjugate acid.
Since in Andersen’s work both the acid and iron
were used as nitrates and 4 is proportional to the
ferric concentration, reaction (10) which is dimin-
ished by acid is probably a factor in the nitrate ef-
fect.

Application of steady state considerations to the
scheme including reactions (7), (8) and (9) or (10)
but not (6) leads to a complex rate equation which
for zero nitrate concentration reduces to the simple
Bertalan equation. It might be remarked that the
combination of reactions (7) and (9) amounts to a
nitrate catalysis of the chain ending process (6).

{11) H, Taube and W. C. Bray, TI'uis Journar, 62, 3357 (1940).
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Ethylenimine by Flash Distillation!

By WiLsox A. REevEs, GEORGE L. DRAKE, JR., AND
CARROLL L. HOFFPAUIR

Since Gabriel in 18882 first successfully prepared
ethylenimine by treating 2-bromoethylamine hy-
drobromide with silver oxide in water, several
other methods for its production have been pro-
posed. Such methods include reaction of 2-halo-
ethylamine hydrohalides with sodium or potassium
hydroxide in water® and treating 2-aminoethyl
hydrogen sulfate with sodium hydroxide.* The

(1) Contribution from one of the laboratories of the Bureau of
Agricultural and Industrial Chemistry, Agricultural Research Ad-
ministration, U. 8. Department of Agriculture. Article not copy-
righted.

(2) Gabriel, Ber., 21, 1040 (1888).

{3) Gabriel, ibid., 21, 2665 (1888); Gabriel and Stelzner, 7bid., 28,
2020 (1895); Rnorr and Meyer, 7bid., 88, 3130 (1903); U. S. Patent
2,212,145 (1940).

{4y Wenker, THis Jovrxnarn, 87, 2328 (1035},
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latter method is usually used since 2-aminoethyl
hydrogen sulfate can be conveniently made from
ethanolamine and sulfuric acid by the method of
Wenker* or by a modification of this method by
Leighton and others.?

The usual method of converting 2-aminoethyl
hydrogen sulfate to ethylenimine is to mix it with
an excess of aqueous sodium hydroxide solution and
distill.+®  Vields of 379, ethylenimine which have
been reported® appear to be the highest heretofore
attained.

The present investigation of this reaction in-
dicated that the rate at which the neutralized 2-
aminoethyl hydrogen sulfate is heated in contact
with excess base critically controls not only the
vield but also the purity of the product. Where
the rate of heating was such that the neutralized
sulfate in contact with the base was virtually in-
stantaneously raised from room temperature to a
temperature above the boiling point of the imine,
the product was volatilized as rapidly as it was
formed and could be isolated in yields as high as
8397, from the water which distilled with it.

Experimental

A 5-liter, 3-neck flask containing 100 ml. of 149, sodium
hydroxide solution and fitted with a dropping funnel, a
stirrer and a condenser arranged for distillation was heated
in a 115-volt a.c., 1200-watt, 5-liter size metal safety heater
until distillation was proceeding at a rapid rate. Then 420
g. of 2-aminoethyl hydrogen sulfate dissolved in a cool
alkali solution made from 250 g. of sodium hydroxide and
1800 ml. of water was added to the distillation flask through
the dropping funnel at a rate such that the amount of liquid
in the flask remained about constaut. The superheated
distillate which came over at about 110° was collected in a
second 5-liter, 3-neck flask which was partially immersed
in an ice—salt-bath and which was fitted with an upright ice-
water condenser.

After the distillation was complete, the receiving flask was
fitted with two upright ice-water condensers to provide
adequate cooling and a mechanical stirrer. The imine was
salted out by adding 1200 g. of solid sodium hydroxide to
the distillate through one of the condensers. While salting
out, the temperature of the distillate was not allowed to
rise much above room temperature. The ethylenimine,
which was separated with a separatory funnel weighed 107
g. and boiled at 56°. Redistilled ethylenimine also boils
at 56°. The yield obtained by this flash distillation pro-
cedure was 839% based on the 2-aminoethyl hydrogen sulfate.

[3) Leighton and Perkins, Turs Jourxay, 69, 1540 (1947),
(6) "Organic Syntheses,” Vol. 30, John Wiley and Sons, 1Inc., New
York, N. Y., 1930, pp. 38—40.
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Mannich Bases Derived from a Hantzsch Pyridine
Synthesis Product

By ARTHUR P. PHILLIPS

In an earlier paper! a series of products was re-
ported which had been made for testing for possible
physiological activity. The compounds were pre-
pared through the Hantzsch pyridine synthesis and
resulted in substances bearing a basic amino or
quaternary ammonium salt group on the 4-phenyl
substituent. Other routes were sought to intro-
duce basic salt-forming groups into the same general
ring system involved. Use of the Mannich re-
action on a phenolic Hantzsch synthesis product

1) A D, Phillips, Turs Jourxarn, T1, 4003 (1040},
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TABLE I
COOC;H; CH;
/N
MANNICH BASES FROM A HANTZSCH PYRIDINE SYNTHESIS PRODUCT HO—@—CH NH
X—CH, COOCH; CH;
Analyses, p—————-~
Crystn. Carbon Hydrogen
Conipd. X Yield, % M.p., °C.@ solvent?d Caled. Found Calced. Found
1 (CH;)N 97 200-205 A.H 65.6 65.7 7.5 7.2
Sinters 160-200
11 (CH;)NI 40 214215 M.E. 50.7 51.0 6.1 6.3
111 (CoH;):N 40 157-158 AH 66.9 67.0 8.0 7.6
v (CH,)sN° 85 192-193 M 67.8 67.9 7.7 7.6
Vv O(CoH ) N¢ 99 182-183 A 64.8 64.8 7.3 7.0
@ All melting points are uncorrected. ? A = ethanol; & = ethylacetate; E = ethyl ether; H = hexane; M = meth-

anol. ¢ (CHy);N = piperidino. ¢ O(C;H4):N = morpholino.

afforded an alternative type of compound con-
taining a basic side chain.

The 2,6 - dimethyl - 3,5 - dicarbethoxy - 4 - (4'-
hydroxyphenyl)-1,4-dihydropyridine (4, see
below) was prepared® by condensation of p-hy-
droxybenzaldehyde, acetoacetic ester and am-
monia. This phenolic dihydropyridine then readily
reacted with formaldehyde and secondary amines
to give the series of Mannich bases listed in Table I.

HO—@—CH=O + 2CH,COCH;COOC,H,
COOC:H; CHs

~
+ NH, —> HO—@—CH’ ~ NH
/—\

N
COOC:H; CH;

A
COOC,H; CH,
A + CH,0 + R;NH —> HO—@—CH’ “NH
RzN CH2 COOC2H5 CH3

One of the compounds in Table I (II) is a quater-
nary methiodide made from I. The poor yield as
well as the unfavorable results obtained in attempts
to make the corresponding methiodides from one
or two of the other Mannich bases suggests that
these salts are rather unstable. Although it is
well-known that many Mannich bases are relatively
unstable, usually these are cases in which by elimi-
nation of the elements of the secondary amine an
unsaturated compound can result, such as

CH,
Hz‘c/ \Cle

i |
H,C CHCH,N(
? \C S/ :
|
I

—_—
CHs):

CH
e’ ON\CH,

| |
HzC C=CH2
N

In the examples described in the present paper
some other basis for instability must be considered.

(2) L. E. Hinkel and W. R. Madel, J. Chem. Soc., 750 (1929).

+ (CH;).NH

Experimental

Preparation of the Mannich Bases.—A mixture of the 4-
(4’-hydroxyphenyl)-dihydropyridine, A (0.02 A/), formal-
dehyde (0.022 M, as formalin), the secondary amine (0.022
M) and 70 cc. of ethanol was heated for four hours on a
steam-bath allowing the alcohol to evaporate slowly.
After cooling and scratching the oily product gradually
crystallized. After purification by recrystallization from
the appropriate solvents the results recorded in Table I were
obtained.

Acknowledgment.—The author wishes to ex-
press appreciation to Mr. Samuel W. Blackman
who obtained the microanalytical results included.
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Pyrolysis of Perfluoro-n-pentane!
By GarL C. Rocers anND GeorceE H. Capy

In spite of the fact that the high degree of
stability of fluorocarbons is now well known, little
specific information regarding either the tem-
peratures required to bring about pyrolysis or the
nature of the products formed has been published.
This note reports the results of a brief and only
partially complete study of the pyrolysis of a single
saturated fluorocarbon, perfluoro-z-pentane, #-
C5F12.

Before the work could be started it was necessary
to find a material suitable for the construction of
the reaction vessel. Glass and silica offer problems,
because at high temperatures they react with fluoro-
carbons.? It was found that both stainless steel
and tungsten react rapidly with carbon tetra-
fluoride at 1000° but that platinum is attacked
only very slowly, even at 1500°. With this in-
formation at hand a reaction vessel was constructed
from a one-liter Pyrex glass flask having at its
center a coil wound from a 23 cm. length of 0.0255
cm. diameter platinum wire. During a run, the
glass remained cool enough to avoid reaction with
the fluorocarbon, while the wire was heated elec-
trically to a desired temperature in the neighbor-
hood of 1000°. Several runs were made to learn
the effect of the temperature of the wire upon the
reaction. The reaction was followed by the change
in pressure of the gas and by measuring the density
of the gas. An optical pyrometer was used to

(1) From the M.S. degree thesis of Gail C. Rogers, 1948.
(2) L. White, Jr.,and O. K. Rice, THiS JOURNAL, 89, 267 (1947).



