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~ The Vapor Pressure of Deuterium Water from 20 to 230°

By Francis T. MILEs aAND ALaN W. C. MENZIES

Comparative measurements of the vapor pres-
sures of ordinary water and deuterium water were
undertaken in this extended range because similar
comparative measurements were contemplated
on the vapor pressures of saturated solutions and
on the dissociation pressures of salt hydrates con-
taining these two varieties of water.

The Material Used.—The deuterium water
was prepared in this Laboratory in the manner
previously reported.! After electrolysis the resi-
due, which contained NaOD, was distilled three
times as follows: first, after passing carbon diox-
ide in excess; second, after adding barium oxide
to precipitate carbonate;. and third, without
addition of any reagent. This yielded a product of
d%%; 1.1079 as compared with 1.1074 as reported
by others.? Each of the two experimental runs,
A and B, utilized a different sample of deuterium
water. The degree of dilution of these by ordi-
nary water was estimated from melting point de-
terminations performed upon the water after
sealing it within the completed apparatus, yield-
ing, for sample A, 3.76 == 0.02° and, for saple B,
3.73 = 0.03°, as measured by a Beckmann ther-
mometer calibrated againist a platiniim resistance
thermometer whose readings were good to 0.01°.
Linear interpolation between 3.802 and 0.00°,
taken as melting points® of deuterium and com-

(1) H. S. Taylor, H. Eyring and A. A. Frost, J. Chem. Phys., 1,
823 (1933).

(2) Trounstad, Nordhagen and Brun, Nafure, 136, 515 (1935).

(3) V. K. La Mer and W. N. Baker, THIS JOURNAL, 56, 2641
(1934).

mon water, respectively, indicated concentrations
of Dy0O of 98.9 and 98.19, for samples A and B,
respectively. The observed values of vapor pres-
sure difference were accordingly corrected by
multiplying them by the ratios of 100 to these per-
centages.

Pressure.— Differential tensimeters of Pyrex glass were
used, with mercury as manometric liquid. For tempera-
tures up to 100°, where small differences of pressure were of
greater importance, the manometer bore (apparatus A)
was 12 mm., and readings were made with a cathetometer.
For the higher temperatures, the manometér bore (appa-
ratus B) was 8 mm., and readings were made against a
millimeter scale without use of a. telescope. Permanent
gases were eliminated from the water in A by distilling the
water to a portion .of the apparatus cooled by solid carbon
dioxide while the vacuum pump was in operation; andin B
by the customary technique of boiling out. Permanent
gas was likewise expelled from glass and from mercury by
the customary techniques of heating, boiling and evacua-
tion. After sealing off, when both sides of apparatus A
were cooled by solid carbon dioxide, the pressure difference
found was 0.02 mm. This was attributed to permanent
gas, and the appropriate correction applied to the differen-
tial pressure readings. Essential absence of permanent
gas from apparatus B was shown by the agreement of the
differential pressure values near 100° with those yielded by
apparatus A, both before and after heating to 228°. = This
also showed that the results were not affected to more than
=0.19%, by the solution of substances from the glass which
might lower the vapor pressure more on one side than on
the other. Mercury pressures were reduced to 0° by use of
the densities of mercury found in ‘‘International Critical
Tables.”*  For the purposes of comparative study, we

used the values of the vapor pressure of H,O up to 100°

(4) “‘International Critical Tables,”” Vol. I1I, p. 457.
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as given in ‘“Internmational Critical Tables’’® and above
100° as given by Smith, Keyes and Gerry.¢ )

Temperature.—Up to 50° a water thermostat of 320
liters capacity was used, held constant to =0.03°. Tem-
peratures were measured to =0.02° by use of a Reichsan-
stalt certificated thermometer after redetermination of the
zero point. Near 100°, four measurements were made in
apparatus A immersed in a thermostat of 11 liters water
content. Temperatures were read on a Beckmann ther-
mometer whose scale was known to 0.02° by measurement
of the boiling point of water at different barometric pres-
sures. Above 100°, the tensimeter B was immersed in an
oil-bath of 4 liters capacity. Temperatures were measured
to =0.1° by means of completely immersed Anschiitz
thermometers whose readings were converted to the scale
of the Bureau of Standards by comparison with certificated
Allihn thermometers, whose zero points were determined
after preheating. To secure uniformity of temperature,
violent stirring was especially necessary at the higher tem-
peratures. Identical pressure values were obtained upon
doubling the speed of the stirrer, and also upon reversing
its direction. Inspection of Table II will show that error
in pressure measurement was throughout several fold more
important than that due to the uncertainty of absolute
temperature reported above.

Results.—The experimental results are tabu-
lated in the first three columns of Table I. In
order to obtain a smooth curve for purposes of
interpolation, we were reluctantly obliged to em-
ploy a five-constant equation

log 2220 — _16.008671 + 2088426 | 7 4971604 105 T —
PH20 T

2
9.761107 X 1078 X T + 44288 X 1076 X T2 (1)

Simpler equations gave values falling outside our
estimated experimental error. Column 4, Table
I, gives the differences of pressure at the tempera-
tures of experiment as derived from this equation
and column 5 shows the closeness of fit.

TaBLE I
VALUES OF pp,0-pH,0 DETERMINED EXPERIMENTALLY
D20 — PD20 —  Afobsd. —
Observation DH200bsd.»  PH20caled.y  APcaled.
number T, °C. mm. mm. mm.
Al 25.0 — 3.13 - 3.18 +0.05
A2 30.0 — 3.97 — 4.01 + .04
A3 50.0 — 9.14 — 9.14 .00
A4 100.0 —-37.7 —37.7 .0
B1 122.7 —55.5 —56.4 + .9
B2 143.2 —73.4 —-72.7 - .7
B3 166.7 —87.0 —84.9 —2.1
B4 181.9 —83.9 —84.5 +0.6
B5 204.2 —61.0 —61.3 + .3
B6 228.7 +22.4 +22.0 + .4

The values tabulated in Table II for each 10°
interval are derived from this equation, with ex-

(56) ‘‘International Critical Tables,’”’ Vol. III, p. 210.
(6) L. B. Smith, F. G, Keyes and H. T. Gerry, Proc. Am. Acad.
Arts Sci., 69, 137 (1934).
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trapolated values in italics. For purposes of in-
terpolation, log pp,0 and 1/T, should be used as
variables. Column 5 of this table shows the
values of Lewis and Macdonald.” These authors
give the normal boiling point of deuterium water
as 101.42° while our equation yields 101.40 =
0.016°. We find the temperature at which the
vapor pressure of these two varieties of water is
identical as 224.3°, which may be within 0.5° of
the truth. Urey and Teal® estimated this tem-
perature as about 160° using the data of Lewis
and Macdonald;” while Riesenfeld and Chang's®
estimate was about 200°.

TABLE 11

VAPOR PRESSURES OF D;0 CALCULATED FROM EQUATION 1
AND COMPARED WITH THE RESULTS OF LEWIsS AND MAcC-

DONALD
Estimated
#D:0 — PH20 D0  limitof  $D20 — PHz0
(M. &M.), (M. &M.), exptl (L. & M),
T, °C. mm. mm. error, mm. mm,
10 — 1.44 7.75 =0.1
20 — 2.48 15.06 = 1 — 2.3
30 — 4.01 27.81 = .1 — 3.9
40 — 6.19 49.13 = 1 — 6.1
50 — 9.14 83.37 = 1 — 9.1
60 —12.97 136.41 = 2 —13.1
70 —17.8 215.9 = .3 —18.0
80 —23.5 331.6 = .3 —23.9
90 —30.2 495.6 = 4 —30.7
100 -37.7 722.3 = 4 —38.4
110 —45.7 1028.9 = .7 —47.0
120 —54. ] 1435.1 =1.0
130 —-62.5 1963.8 +=1.0
140 —70.4 2640.4 =1.5
150 —77.3 3493.4 =2
160 —82.6 4553.9 +=2
170 —85.6 5856. 1 =2
*180 —85.1 7436.9 +=2
190 —80.1 9336.3 =2 '
200 —68.9 11596.3 =2
210 —49.1 14262. 5 =2
220 —-17.9 17384.6 =2
230 +28.8 21014.¢ =2
240 +96.2 26207.3 x5
Latent Heat of Vaporization.—From the

simplified approximate form of the Clapeyron—
Clausius equation and equation (1) we can calcu-
late the difference between the latent heats of
vaporization of D;O and H,O as follows

Lp,o — Lu.o = 2.303 X RT* d_{‘gﬁdgzz‘__*__o/Pmo) =
—1230 4+ 14.90 X T —0.04466 X Tz +
S 4.052 X 107* X 73 (2)

(7) G. N. Lewis and R. T. Macdonald, THiS JourNnaL, 65, 3057
(1933).

(8) H. C. Urey and G. K. Teal, Rev. Mod. Phys., T, 34 (1935).

(9) E. H. Riesenfeld and T. L. Chang, Z. physik. Chem., B28, 408
(1935).
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Values for Lp,0 — Ly,o calculated from this equa-
tion are given in Table III. The estimated
limits of error given in Table III are derived from
the estimated limits of error of the vapor pressure
results. Since the necessary simplifying assump-
tions depart further from the facts with rising

TABLE ITI

VALUES FOR THE DIFFERENCE OF THE LATENT HEATS OF
VAPORIZATION OF HEAVY AND LiGHT WATER, Lp:0 —LH:0,
CALCULATED FROM EQUATION 2

Estimated limit

Lps;o — Lu:0;  of exptl. error,

T, °C. g.cal. per mole g. cal. per mole
40 300 =20
60 275 =10
80 24¢ =10

100 216 =10

120 186 =15

140 159 =16
160 137 =10

180 121 =10

200 113 = 5

220 115 = 4
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temperature, the degree of trust we can place
upon these latent heat differences is measured by
the degree of similarity of behavior of the two
forms of water. \

The value for this difference reported by Lewis
and Macdonald” was based on assumed recti- -
linearity of the log p»/p: against 1/T graph be-
tween 20 and 90°, and their value agrees with ours
for a temperature near 70°.

Summary

The vapor pressures of deuterium water have
been compared with those of ordinary water in
the range 20 to 230°. The vapor pressures are
identical at about 224°.

The differences of the latent heats of vaporiza-
tion are evaluated approximately from the changes
of vapor pressure over the same temperature
range.

PRINCETON; N.J. RECEIVED APRIL 11, 1936

[CONTRIBUTION FROM THE DEPARTMENTS OF BACTERIOLOGY, PEDIATRICS, PHYSIOLOGICAL CHEMISTRY, AND THE JOHNSON
FOUNDATION FOR MEDICAL PHYSICS, THE SCHOOL OF MEDICINE, UNIVERSITY OF PENNSYLVANIA]

Sonic Activation in Chemical Systems: Oxidations at Audible Frequencies

By EAarRL W. FLOSDORF, LESLIE A. CHAMBERS AND WM. M. MALISOFF!

During the past few years there have appeared
numerous reports of oxidations, as well as other
types of chemical reactions, induced or accelerated
by intense ultrasonic vibrations.?—*

Schmitt, Johnson and Olson® observed the
liberation of iodine from potassium iodide solu-
tion. They further reported that ‘‘upon the addi-
tion of radiated potassium bromide or chloride
solution to starch—iodide reagent, a blue color de-
veloped which indicated either the oxidation of
the bromide and chloride ions or that some other
substance is produced in the presence of these
salts which oxidizes the iodide ion instantane-
ously. Radiated distilled water produced the
effect to a less marked degree.” Hydrogen per-
oxide was found in small amount, insufficient to
account for the observed rate of oxidation of halo-
gen or of sulfide. Ozone production, if any, was
in amounts too small to be detectable and conse-
quently could not be considered as the oxidizing

(1) Fellow of the Josiah Macy, Jr., Foundation. Now at the
Montefiore Hospital, New York City.

(2) Richards and Loomis, THIS JOURNAL, 49, 3086-3100 (1927).

(3) Schmitt, Johnson and Olson, $bid., 81, 370 (1929).

(4) Szu-Chik Liu and Hsien Wu, ibid., 56, 1005 (1934).

agent. It was further found that dissolved oxy-
gen gas was essential to the oxidations and it was
suggested that the gas was activated in associa-
tion with ultrasonic cavitation. Direct absorp-
tion of energy by the molecules in solution was
believed to be inconsistent with results that were
obtained under pressures sufficient to inhibit
visible cavitation.

Liu and Wu* confirmed the findings of Schmitt,
Johnson and Olson, in the case of potassium iodide
oxidation by ultrasonic radiation, with respect to
the essential presence of dissolved oxygen gas and
to the insufficient production of hydrogen per-
oxide or ozone to account for the observed effects.
Liu and Wu presented experimental evidence in
favor of the view that activation of oxygen gas is
associated with cavitation. 1t is questionable,
however, whether the conditions of radiation in a
gel, whereby cavitation is suppressed and no oxi-
dation is observed, are otherwise sufficiently
comparable to justify without further evidence
their conclusion concerning the influence of cavi-
tation.
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Beuthe? also has suggested that the primary
effect of ultrasonic radiation is upon the dissolved
gases. He concluded, however, from his study of
the ultrasonic oxidation of certain halides, that
the intermediate formation of hydrogen peroxide
and possibly of ozone is at least partially respons-
ible for the liberation of the free halogen. Oyama®
has likewise reported the oxidation of pure water
by ultrasonic action.

n

[‘_‘—CLOSED END

~—GLASS VESSEL

NICKEL TUBE

_ﬁ—RUBBER CONNECTION

e
Fig. 1.—Reaction vessel, os-
cillator MS.

It should be emphasized that the experiments
in which the above observations were made, in
each case, were carried out through the use of
ultrasonic vibrations (10° to 1.5 X 10° cycles/
second). Apparatus for investigating the effects
of intense sounds in the audible range (12 to 1.8
X 10° cycles/second) has been developed by
Gaines” and used by Chambers and Gaines® and
their collaborators, in various studies of the bio-
logical and physical actions of such audible vi-
brations. With this audible sound source we have
extended the survey of the chemical effects of in-
tense sound into the audible range (Flosdorf and
Chambers?).” Qualitatively, the effects produced

(5) H. Beuthe, Z, physik, Chem., A163, 161-171 (1933).

(6) H. Oyama, Radio Research Japan, 4, 41-55 (1935).

(7) Newton Gaines, Physics, 8, 209-229 (1932).

(8) Chambers and Gaines, J. Cell, Comp. Physiol., 1, 465 (1932).

(9) Earl W. Flosdorf and L. A. Chambers, THis JOURNAL, 55,
3051 (1933); 56,2795 (1934).
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at 9000 cycles/second seem to be similar to those
previously reported for ultrasonic- frequencies.
Since the available sound densities are greater
within the audible band the effects are greater in
degree making quantitative studies less tedious
and difficult and consequently more accurate.

In this paper we shall present some results of a
quantitative study of certain oxidation reactions
sonically activated in the audible range. We
have undertaken to determine the conditions un-
der which these sonic oxidation reactions take
place in an aqueous medium, the reactants in-
volved, the rates of reaction, and the sound in-
tensities required. Particular attention is de-
voted to the question of the possible intermediate
roles of hydrogen peroxide and of Sonically ac-
tivated oxygen. Although technical limitations
have restricted the accuracy of our data, the re-
sults are instructive in a consideration of the in-
termediary mechanism involved not-only in oxi-
dative activation but in sonic reactions generally.

Experimental

Two types of apparatus were used, (1) the magnetostric-
tion oscillator described by Gaines? and by Chambers and
Gaines?® (hereafter referred to as oscillator MS) and (2) an
electromagnetic oscillator (oscillator EM).9~1!

In oscillator MS, a cold-drawn, unannealed nickel tube,
20 mm. in diameter, vibrates in a strong electromagnetic
field in resonance with a 2000 volt oscillating power circuit
to which the tube imparts approximately its own natural
frequency.  The tubes used in these experiments, 250
mm. long, produce a frequency of about 8900 cycles per
second with an acoustic output of about.15 watts (esti-
mated) under full load. A rubber connection supports a
glass vessel on the metal tube (Fig. 1). In each experi-
ment 17-20 ml. were treated. The entire quantity was re-
quired for a single test sample which necessitated a fresh
start for each time interval studied. ‘

The diaphragm of oscillator EM is 33 cm. in diameter.
The oscillator produces a frequency of about 1200 cycles
per second with a maximum output of about 175 watts
(Submarine Signal Co. estimate) under full load. Itisofa
type used in under-water signalling and depth-finding and
is manufactured by the Submarine Signal Company of
Boston. An iron cylinder 20 cm. deep is bolted to the
periphery of the stainless steel diaphragm forming the
bottom of the treatment vessel. Up to four liters of solu-
tion can be treated at one time and test samples can be re-
moved at: intervals from the same initial solution leaving
sufficient for further treatment,

It has not been possible to eliminate all rubber and metal
parts from contact with the reacting mixtures in either

oscillator without serious impairment of intensity. Until

(10) Earl W. Flosdorf and L. A. Chambers, J. Immunol., 28, 297~
310 (1935),

(11) L. A, Chambers and Earl W, Flosdorf, J. Bjol. Chem., 114,
75-83 (1936). . _
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this is accomplished the extent of catalytic action of traces
of foreign substances cannot be ascertained.

It has been found that none of the sonic oxidations pre-
viously reported® occur in water boiled free of oxygen and
accordingly all the experiments in this study, unless other-
wise stated, have been carried out with free access of air
to the liquid. = With the energy intensities we used, cavi-
tation is suppressed with hydrostatic pressures over six
atmospheres. Since we have found the oxidations to prog-
ress only with sonic cavitation, the experiments were car-
ried out in the presence of air at atmospheric pressure.
All the results included in this report were obtained with
the solutions at a temperature of 20 to 30°.

The analytical results were obtained by the following
methods. Hwydrogen peroxide was titrated in sulfuric acid
solution with 0.002 M potassium permanganate. Results
were accurate to within =209,. Sodium bisulfite was de-
termined by titration with potassium permanganate to an
estimated accuracy of =59, Free chlorine (or hypo-
chlorite) was determined colorimetrically with o-tolidine
in hydrochloric acid solution.? The readings were made
seven minutes after addition of the test reagent. These
determinations were accurate to within =109%,. Chlorate
was qualitatively detected after removal of chloride and
hypochlorite by reduction with sodium nitrite and subse-
quent precipitation with silver nitrate.

Quantitative Results

(1) Hydrogen Peroxide Formation.—With
either oscillator hydrogen peroxide has been found
to be produced from water and oxygen in quanti-
ties that are of the same order of magnitude as
those reported for ultrasonic frequencies.>* These
quantities approach 300 micro-equivalents per
liter in periods under an hour; the amounts are
measurably increased by vibration in acid solu-
tion such as in 0.01 3/ sodium bisulfate. Under
the latter condition the reaction is interfered
with, however, by the sonically accelerated side
reaction of the metal of the vibrator with the
acid.®

The rate at which the production of hydrogen
peroxide takes place in pure water is illustrated in
Fig. 2. Under the conditions of these experi-
ments the estimated power output of oscillator
EM was approximately ten times that of MS,
whereas for EM there was twenty times the vol-
ume of water to vibrate. The amounts of chemi-
cal change per unit of energy output from the two
sources of sound therefore appear to be about the
same, in spite of the frequency difference. The
spray produced as a result of the vigorous cavita-
tion apparently is sufficient to keep the solution
adequately saturated with oxygen inasmuch as the
concentration of hydrogen peroxide does not reach

(12) J. W. Ellms and S. J. Hauser, J. Ind. Eng. Chem., 8, 915, 1030
(1913).
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a constant value up to the maximum duration of
treatment studied. Furthermore, a stream of air
bubbling through the solution during treatment
produced no detectable increase in the rate.

Todine liberation, titrated by sodium thiosul-
fate as used by Liu and Wu,* did not yield any
indication of measurable production of ozone.
Hydrogen peroxide, determined by permanganate
titration, was produced. in sufficient quantity
within the limits of experimental error to account
for all the iodine liberated.

g

£ /
K]
8
i 30 /
3
"
3
=
.a /
=20 i
ad
10 o
e

100 200
Microequivalents of H,O, per liter.

300

Fig. 2.—Treatment of pure water; Curve I, oscil-
lator MS; Curve 1I, oscillator EM.

In alkaline solution, 0.002 M potassium per-
manganate is rapidly reduced to manganese di-
oxide as is to be expected on the basis of hydrogen
peroxide formation. Reduction reactions of hy-
drogen peroxide do not lend themselves to quan-
titative study in the oscillators, however, because
of the complicating factor introduced by the ac-
celerated reduction reactions of the metal of the
vibrators.? Oxidation reactions involving direct
addition of oxygen therefore would seem to be
simpler for study. Furthermore, in. order to
avoid any possible sonic action directly on a test
reagent itself, analytical reagents in general
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should not be added to test samples until after
they are removed from sonic apparatus. We
shall now proceed to the results obtained from
oxidation reactions involving the addition of
oxygen.

(2) Sodium Bisulfite Oxidation.—Sodium bi-
sulfite oxidation has not been studied in the ultra-
sonic range. We have found it to be oxidized
relatively rapidly in the audible range in either
oscillator, the rate being dependent upon the
molarity of the bisulfite. A typical result ob-
tained in oscillator EM is illustrated in Fig. 3. In

E 6.0
£
=
-
28 4
o £4.0
82
=
8%
8820
s B
£
=3
&
=
= :
0.001 0.003 0.005
Molarity.
Fig. 3.—Oxidation of sodium bisulfite in os-
cillator EM.

Table I it will be noted that with 0.04 molar bi-
sulfite as much as 19.2 milli-equivalents per liter
have been oxidized in sixty minutes which is
about seventy times as fast as hydrogen peroxide
has been shown to accumulate. Upon completion
of the oxidation of the sodium bisulfite we have
found hydrogen peroxide is produced at about
the same rate as in sodium bisulfate solution.

TABLE I
TREATMENT OF SODIUM BISULFITE SOLUTION, OSCILLATOR
MS
Molarity Duration, Milli-equivalents
(approx.) min. oxidized per liter
0.0007 5 0.2
15 .5
60 1.4
.04 10 13.1
60 19.2

Contrasted with the production of hydrogen
peroxide in the two oscillators where the amounts
of chemical change per unit of energy are approxi-
mately equal, the oxidation of bisulfite proceeds
only about one-fifth as fast in oscillator MS as in
EM. In oscillator EM there is much more vigor-

EArRL W. FLOSDORF, LESLIE A. CHAMBERS AND WM. M. MALISOFF
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ous spraying into the air. Because of the more
rapid rate of the bisulfite reaction, this condition
which controls the dissolution of oxygen to main-
tain the supply of gas in solution may be critical.
Otherwise, we must assume that the difference in
frequency is a factor in the oxidation of bisulfite
and not of water.

(3) Oxidation of Chlorides.—In order to
avail ourselves of the advantages of a system
not sensitive to light, chloride was the halogen
ion chosen for quantitative study. The rate of
chlorine production (the test samples are acidified
with the hydrochloric acid of the test reagent
which completely liberates the chlorine from hypo-
chlorite)® has been found to be dependent upon
the concentration of chloride, Fig. 4, but not in as

120 7 o]
100
80 .
o
.8
£
i
F
% 60
1]
g
=
&
P
40 .
{ e
I
20 . / 5
». /]%

1.5 4.5 7.5
Microequivalents of chlorine per liter.
Fig. 4.—Oxidation of sodium chloride.

Chlorine determinations made after ten minutes of
standing following vibration.
Oscillator MS, curve I, 0.5 Moiar
Oscillator MS, curve 1I, 2.0 Molar
Oscillator EM, curve 111, 0.5 Molar
Oscillator EM, curve 1V, 2.0 Molar
Oscillator EM, curve V, 5.0 Molar

great degree as the bisulfite reaction. The
amounts of chlorine found in solution increase
with duration of treatment but reach a limiting
concentration of the order of 7 to 8 microequiva-
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lents per liter. This is probably a result of the
loss of chlorine gas from solution. In solutions of
high pH, oxidation of chloride is very slow. In
neutral solution the pH increases slightly during
treatment because of hypochlorite formation.?

The quantity of chlorine found in solution is in
part dependent upon the length of time of stand-
ing before the test reagents are added, subsequent
to treatment. With quantities produced under
0.3 micro-equivalent per liter, the amount is
doubled after standing for ten minutes. With
larger quantities the amount may be increased by
as much as one micro-equivalent. This suggests
that accumulated hydrogen peroxide may be
responsible for at least the continued effect sub-
sequent to removal of the solutions from the os-
cillators. In Fig. 5 the quantities of chlorine pro-
duced by known amounts of hydrogen peroxide
and sodium chloride are given. Up to 100 micro-
equivalents of hydrogen peroxide per liter would
be required to produce the additional chlorine
found in ten minutes of standing, which is con-
sistent with the known rate of production of per-
oxide. That the rate of reaction of hydrogen per-
oxide with chloride is slow is evident from the fact
that with 2 M sodium chloride and 1200 micro-
equivalents of peroxide per liter, the amount of
chlorine produced in ten minutes is 3.7 micro-
equivalents per liter and in twenty minutes is
4.5. The effect of the concentration of chloride
and of peroxide is shown in Table II.

TaBLE I1

ErrFEcT OF DILUTE HYDROGEN PEROXIDE SOLUTION ON
Sobprum CHLORIDE

Concentration after mixing Time of Chlorine
Hydrogen peroxide, Sodium standing be- produced,
micro-equivalents chloride, fore testing, micro-equivalents

per liter molarity min. per liter

6000 0 10 0.0

6000 2 10 6.5

1200 2 10 3.7

1200 1 20 2.5

1200 2 20 4.5

1200 5 20 7.9

It is further apparent, however, that the known
rate of production of peroxide cannot account for
all the chlorine formed. In ten minutes in oscilla-
tor EM, three micro-equivalents of chlorine per
liter are produced from 2 M sodium chloride,
which, on the basis of Fig. 5, would require 700
micro-equivalents of peroxide per liter for the
intermediate step mechanism. We have never
found in either oscillator more than 200 micro-
equivalents of peroxide in ten minutes. Likewise,
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with oscillator EM, in thirty minutes 6000 micro-
equivalents of peroxide per liter would be re-
quired to yield the observed amount of chlorine,
yet there never were indications of more than
300. Furthermore, peroxide is produced at a
higher rate per liter in oscillator MS and we
should expect, accordingly, a greater production
of chlorine in this oscillator were the intermediate
peroxide step essential for the production of all
the observed chlorine; but more chlorine is found
in oscillator EM.

6000 i

5000 /

8
8
~—_

.2 2000

Microequivalents of hydrogen peroxide per liter.
8
S
(]

1000 T

| A

2.0 4.0 > 6.0
Microequivalents of chlorine produced per liter in
ten minutes.

Fig. 5.—Reaction of dilute hydrogen peroxide solu-
tion with sodium chloride: curve I, 2 M sodium chlo-
ride; curve II, 1 M sodium chloride.

That sonically produced very dilute hydrogen
peroxide solution can cause the production of
chlorine is further evident from the data in Table
II1.

Water was treated by sound, removed from the
apparatus after varying durations of treatment,
and added to sodium chloride solution. As much
as two micro-equivalents of chlorine per liter were
produced. Sufficiently large samples can be ob-
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TasLE III
EFFECT OF ADDITION OF SOUND CAVITATED WATER TO SopIuM CHLORIDE SOLUTION

Time of

Volume Duration of Conecn. of H202 Concn. of NaCl standing . Chlorine produced,
. treated, treatment, micro-equiv. per liter after mixing, before testing, micro-equiv.
Oscillator ml. min. Produced After mixing M min. per liter

MS 17 10 Insufficient sample 2 8 1.1
20 60 Insufficient sample 2 20 2.0

EM 500 1 12 7 2 10 0.0
450 10 106 65 2 10 0.6

400 20 147 88 2 10 1.0

350 37 194 124 2 10 1.1

tained from oscillator EM to permit the deter-
mination of hydrogen peroxide as well as of chlo-
rine and, within the limits of experimental error,
the quantities of both which have been found
agree with the values to be expected on the basis
of Table II. It is again evident, however, that
the hydrogen peroxide is produced in insufficient
quantity to account for all the chloride that was
found to be oxidized sonically.

The possibility has not been ruled out, however,
that under the influence of sound, the reaction of
sonically produced hydrogen peroxide with chlo-
ride is accelerated sufficiently to account for the
twenty-fold increase in the rate of production of
chlorine that takes place in the oscillators. On
the basis of this mechanism, however, it is difficult
to account for the more rapid production of chlo-
rine in oscillator EM which takes place in spite of
a lower rate of formation of peroxide. It would
be difficult to understand how there could be a
difference in degree of acceleration of peroxide
reaction in the two oscillators because of the fre-
quencies when there is apparently little or no
frequency effect on the production of the peroxide.

The possibility that chloride-ion catalytically
increases the production of peroxide to such an
extent that the latter would oxidize chloride-ion
at the observed rate does not seem to be tenable.
This mechanism also would involve a frequency
effect. :

To us it seems rather that the twenty-fold in-
crease in rate of chlorine production, and particu-
larly the seventy-fold increase in rate of bisul-
fite oxidation, suggest the possibility of a chain
reaction similar to that in the thermal and in
the photochemical bisulfite reactions.’® If so,
this suggests the activation of oxygen and the
chains should be breakable by the usual alcohol
inhibitors. These possibilities are to be investi-
gated further.

(13) H. N. Alyea and H. L. J. Backstréom, THIs JoURNAL, 51, 90
(1929). . .

It would seem, therefore, that there are two
concurrent reactions taking place in which chlo-
ride is oxidized, v¢z., the direct oxidation with ac-
tivated oxygen and secondary oxidation with
sonically produced hydrogen peroxide. On this
basis the curves in Fig. 4 would represent the
total effect of the two reactions. The net result
would seem to be that maintenance of an adequate
supply of oxygen in solution becomes the critical
factor which explains the difference in rates in the
two oscillators, or else there is a frequency differ-
ence responsible for more rapid oxidation of chlo-
ride in oscillator EM. More probably it is-a
question of oxygen supply. The sonic spray is so
effective in exposing solution surface to the air for
dissolution of oxygen, however, that bubbling air
through the solution produces no detectable ef-
fect.

(4) Chlorate Production.—After standing
overnight, test samples of sonically cavitated
chloride solutions continue to show the presence
of one to two micro-equivalents of chlorine per
liter, provided they have been stored in the pres-
ence of hydrochloric acid of the concentration
used in the o-tolidine test. Solutions of chloride
to which sonically cavitated water or hydrogen
peroxide solution (up to 1000 micro-equivalents
per liter) has been added do not continue to show
chlorine after standing overnight, the gas having
been completely lost. The gas remaining in solu-
tion the next day has been attributed to the slow
production of chlorine from the hydrochloric acid
and sonically produced chlorate. This has been
confirmed qualitatively by the detection of minute
amounts of chlorate in sonically treated chloride
solution by reduction with sodium nitrite after
removal of chloride and hypochlorite and subse-
quent precipitation of the reduced chlorate with
silver nitrate.

(5) Oxidation of Organic Compounds of
Chlorine.—We have determined also that or-
ganic chlorine compounds, such as chloroform and
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carbon tetrachloride, are oxidized as a result of
sonic cavitatior. Free chlorine and chloride ion
are produced. Schmitt, Johnson and Olson?® and
Liu and Wu? have reported that a similar effect is
obtained by ultrasonic vibration.

Sonic Chemiluminescence

The reaction by which light is produced as a
result of the oxidation of “luminol” (3-amino-
phthalhydrazide) we have found to be interesting
because it affords a visual confirmation of the
importance of cavitation in sonic oxidation. We
have determined that this reaction can be carried
out sonically with dissolved oxygen gas as the only
source of oxidant. '

Harris and Parker!* have shown that in the
luminol reaction with hydrogen peroxide and
another oxidant ‘‘the light-emitting molecule is a
compound of sodium luminol and hydrogen per-
oxide, or this compound is the parent of the light-
emitting molecule. The light-emitting molecule
is brought to its energized state by reactions of the
parent with some oxidizing molecule.” We have
found that as little as 50 micro-equivalents of
hydrogen peroxide per liter is sufficient concen-
tration to make the reaction visible in the dark
without dark adaptation upon the part of the ob-
server. It seemed reasonable, therefore, to expect
luminescence by the sonic reaction in which the
sound would be the sole energy source of hydro-
gen peroxide and oxidant. Two-tenths gram of
luminol was dissolved in 20 ml. of 59, sodium hy-
droxide and 0.1 ml. of this stock solution in 10 ml.
of distilled water was used for sonic vibration.

Upon vibration of such a solution either in
oscillator MS or EM luminescence is easily visible.
After allowing the observer’s eyes to become dark-
adapted for ten minutes the distribution of the
light production becomes distinguishable. In
addition to the bright glow to be seen at the top
of the nickel tube (oscillator MS) streamers of
light are observed to rise in spirals from the tube
just as the cavitation vacuoles rise. Throughout
the solution, points of light may be noticed and
if these points of maximum intensity be marked
and the electric lights switched on, it is seen that
the spirals and the points of maximum light in-
tensity correspond exactly with the positions of
maximum cavitation. The light of greatest in-
tensity apparently is produced in association with
cavitation vacuoles.

(14) Louis Harris and A. S. Parker, THis JournaL, 57, 1939
(1935),
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The maximum luminescence is produced imme-
diately or is made to vanish immediately with the
turning on or off of the oscillator. After more
prolonged and continuous vibration (five to ten
minutes), however, a faint and homogeneous after-
glow persists for five or ten minutes after the vi-
bration ceases and it appears throughout the en-
tire solution.

With the use of the vacuum vessel previously
described in connection with the investigation of
egg albumin,!’ luminescence is observed as de-
scribed above. If after such vibration in which
luminescence is produced, the solution in this
vessel is boiled under vacuum (60 mm.) and
thoroughly swept with nitrogen and finally left
under one atmosphere of nitrogen, no . lumines-
cence can be observed upon subsequent sonic
vibration although cavitation occurs as usual.
If then this same solution is saturated once more
with oxygen by bubbling air through it, lumines-
cence is again visible as before upon sonic vibration.

Tt seems definitely established, therefore, that
hydrogen peroxide is produced from dissolved
oxygen and water upon sonic vibration and that
this reacts with sodium luminol to form the light-
emitting molecule or its parent substance. This
parent is then brought to its energized state by
reaction with some oxidizing substance. The
much greater intensity of luminescence which
occurs at the cavitation surface than that found
existing as a faint afterglow throughout the body
of the solution after more prolonged vibration
(the latter presumably being entirely due to ac-
cumulated hydrogen peroxide) indicates that the
oxidizing substance which brings the parent mole-
cule to its energized state is being produced in
these regions. The substance may be either ac-
tivated oxygen or newly formed hydrogen per-
oxide in high concentrations in thin layers, as yet
unmixed, or both. By analogy with the oxidation
of chloride, we could expect reaction of the parent
substance with both activated oxygen and with
hydrogen peroxide. This greater intensity of
luminescence at the cavitation surfaces by re-
action with activated oxygen is analogous to that
produced by potassium ferricyanide (without
sonic vibration), in which case the parent sub-
stance is produced with as little as 50 micro-
equivalents of hydrogen peroxide per liter.

Discussion

It is obvious from theoretical considerations
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that the activation of dissolved oxygen may not
be attributed to sound waves per se in the fluid.
Furthermore, the experimentally established fact
that such activation occurs only during sonic
cavitation of the liquid and only in the im-
mediate vicinity of such disruptive disturbances,
indicates that we must be dealing with a phe-
nomenon not easily amenable to theoretical treat-
ment. From the evidence at hand we may con-
clude that oxygen is brought into a reactive state
during some phase of cavitation through a process
not understood at present. The activated oxy-
gen is then free to react with either solute or sol-
vent molecules. A similar conclusion was drawn
by Schmitt, Johnson and Olson,?® and by Liu and
Wu* from experimental data relative to oxida-
tions promoted by ultrasonic cavitation.

That oxygen is not the only gas capable of ac-
tivation during cavitation of its solvent has been
demonstrated in previous papers. For example
it already has been shown!®!! that egg albumin
is denatured by sonic cavitation in the presence
of carbon dioxide as well as oxygen, while in the
presence of nitrogen or hydrogen, or in gas free
solution, no denaturation occurs even during vig-
orous cavitation.

One may assume perhaps that molecules of the
high energy necessary to permit the formation of
hydrogen peroxide from molecular oxygen and
water are created during sonic cavitation through
a process of ionization or excitation. While no
theoretical justification for such an hypothesis
can be drawn from acoustical theory it should be
remembered that, in the events accompanying
cavitation, we are not dealing with acoustical
phenomena per se. As a matter of fact the recent
observation by Chambers®® that visible light is
emitted from pure polar liquids during cavitation
by sound waves of the same amplitude as those

(15) L. A. Chambers, Bull. Am. Phys. Soc., 11, No. 2, 30 (1936)
(Abst. 114).
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used in our experiments lends credibility to the
supposition that excitation or ionization may ac-
tually be occurring.

Whatever the mechanism it would appear from
the evidence in hand that activation of oxygen
during cavitation offers the best explanation for
the chemical changes recorded in our experiments.
With improvements in apparatus it should be
possible to obtain further data which will permit
calculation of the reaction orders and to carry out
experiments of greater theoretical significance.
Some means of estimating quantitatively the rela-
tive degrees of sonic cavitation produced in liquids
and means for experimental variation of this fac-
tor will ultimately be necessary.

Acknowledgment.—We wish to express our
appreciation to Mr. David Lackman for the
assistance he has given in the chlorine deter-
minations.

Summary

Quantitative studies of the oxidation of water
and of sodium bisulfite and sodium chloride in
aqueous solution by cavitation produced at au-
dible frequencies have been carried out. The
data indicate that the oxidations are accomplished
through the production of activated oxygen in
association with cavitation. It was determined
that a compound of sodium luminol and sonically
produced peroxide may be energized to produce
chemiluminescence in the absence of the usual
secondary oxidants, the reaction giving visual
confirmation that chemical activation occurs
during sonic cavitation. The results represent
an elaboration of earlier work in the audible range
and an extension to the audible of effects pre-
viously observed in the ultrasonic range. Some
effects new at either range have been reported and
certain theoretical conclusions have been drawn
which probably are general for all frequencies.

PHILADELPHIA, PENNA. RECEIVED MaARcH 21, 1936
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[CoNTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, NEW YORK UNIVERSITY]
The Ternary Systems KI-K,SO,-H,0 and Nal-Na,SO,~H,0

By Joun E. Riccr

In addition to the purpose of obtaining solu-
bility data for the salt pairs KI-K,SO, and Nal-
Na,S0, in water, this brief investigation also had
as its object the question of the formation of solid
solutions of the alkali iodides in the corresponding
sulfates. The crystals of sodium sulfate offer a
considerable number of instances of the forma-
tion of solid solutions with other salts (as, with
Na2CO3, N32Cr04, NagS, Na2503, Nazszog, Agz-
SOy, and NaBrO;?). As to the iodides in particu-
lar, sodium sulfate has been reported® to form
crystals of NagSO,-10H,O containing varying
quantities of Nal, KI, NH,I and Lil, held in the
form of solid solution; these results, however,
are based on non-equilibrium studies, in which
the decahydrate was allowed to crystallize slowly
from solutions of varying concentrations of the
iodides, at a roughly constant temperature near
room temperature. ‘Although the fact that such
crystals contain iodide (from 0.49%, in the case of
Nal, to 0.659%, for Lil) may well be the result of
simple occlusion due to lack of equilibrium, ‘the
crystals are reported to be solid solutions (‘‘mixed
crystals’) on the strength of their clearness and
transparency. Since on the basis of such work
there seemed to be some doubt as to the actual
existence of such solid solutions as stable phases
in the systems, it was thought desirable to make
an equilibrium study of the particular system
Nal-NaSO,~H:0.

In the present work both the system KI-
KySO~H;0 and the system Nal-NaySO+~H,O
were studied, from the point of view of the phase
rule, the first at 25°, the second at 15, 25 and 45°.
The results, which represent equilibrium in the
systems, show no solid solutions to be formed in
either case, within the limits of the rather small
experimental error of this type of work. The
only solid phases encountered are the pure an-
hydrous or hydrated salts themselves.

Experimental Method

The experimental procedure for the solubility
measurements has already been described in pre-

(1) “‘International Critical Tables,” Vol. IV, 1928.

(2) Ricci, TH1s JoUurNaL, 67, 805 (1935).

(3) Fabris, Anun. chim. applicata, 17, 321 (1927);
(1928).

18, 115, 326

vious similar publications.* The temperature
was maintained constant to within #=0.02°. The
time allowed for the attainment of equilibrium
varied from three days in the case of the potas-
sium salts, to as long as fourteen days in the case
of the sodium salts; the latter system was found
by experiment to require from ten to fourteen
days to reach equilibrium in all complexes which
involved the formation of NaySO,-10H,0 as solid
phase. The densities reported for the potassium
salt system and for some solutions of the sodium
salt system, were obtained by means of volumetric
pipets calibrated for delivery. For the analysis
of the solutions, the iodide was determined volu-
metrically by titration with 0.2 N silver nitrate
using dichlorofluorescein as indicator, the total
solid was determined by evaporation to dryness,
and the sulfate was then calculated by difference.
In some cases of the KI-K»SO,~H,0 system the
sulfate was determined directly by the gravi-
metric method, and the iodide then calculated by
difference. The results of the two methods being
in sufficiently close agreement, the more rapid
method (titration of the iodide) was used in gen-
eral. The solid phases were in each case veri-
fied by the method of algebraic extrapolation of
tie-lines,? the average error of the extrapolations,
for both systems, being 0.18%,.
Results

The experimental data for the system KI-

K,SO4+H:0 at 25° are given in Table I and Fig. 1;

TABLE 1 .
KI-K,SO4H,0 aT 25°

Original complex, Saturated solution,

wt. % wt. %
K280 KI K250 KI  Density Solid phase
C. 0.00 10.76 0.00 1.083 K,S0,
23.01 7.53 6.57 9.13 1.127 K,SO,
22.02 15.01 3.57 18.57 1.185 K.SO,
21.47 23.02 1.70 28.81 1.273 K,S0,
21.01 31.49 0.69 39.57 1.399 K,S0,
20.74 40.04 .25 50.35 1.563 K,S0,
19.99 47.03 .10 58.70 1.701 K,SO,
19.98 48.19 .08 59.69 1.724 K,;S0, + KI
12.05 57.91 .08 59.70 1.724 K,;S0, + KI
3.00 66.05 .08 59.67 1.720 K.S0, 4+ KI
0.59 67.98 .08 59.68 1.721 K.S0, + KI
Av. (of4) ... .08 59.69 1.722 K,S0; 4+ KI
59.76 1.

0.00 ... .00 718 KI

(4) Ricci THIS JOURNAL, 56, 290 (1934).
(5) Hill and Ricci, ibid., 53, 4305 (1931).
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the solubility curve consists of two simple
branches, one for solutions in equilibrium with
potassium sulfate, the other, extremely short, for
solutions saturated with KI.

Hz0

KI K50,

Fig. 1.—25° Isotherm: KI-K,;S0,~H,O.

The results for the system Nal-Na,SO,~H,0,
at 15, 25 and 45°, are presented in Table II, the

TABLE II
NaI—NagSOerO
. 15°

Saturated solution,
wt. %
Nal

Original complex,

wt. %
NazSO0q Nal NasSOs

Density Solid phase
.. 0.00 11.60 0.00 1.106 Na,SO,10H,0O
9.01 27.98 2.51 33.16 1.367 Na;SO410H,0O
5.95 36.09 2.15 39.67 1.460 NaySO410H,0
8.00 35.95 2.10 41.78 1.490 NaySO410H,0
8.01 37.99 2.183 44.07 1.532 NaSO410H;0
13.05 33.57 2.23 44.79 1.543 Na;S0410H,0 +
NagSO4
5.97 41.85 2.19 44.85 1.543 NayS0,;10H:O +
Na2804
15.02 37.41 2.22 44.84 1.540 Na,80+10H,0 -+
NaeSO,i
Av. (of 3) 2.21 44.83 1.542 Na,S04-10H,0 +
NaQSO,;
15.09 42.99 0.93 50.15 1.613 NaySO,
15.04 48.43 .15 56.92 1.733 Na,SO,
15.00 53.52 .02 62.89 1.875 Na,SO,
15.08 54.59 .01 63.33 1.881 Na;SO, -+ Nal
2H.0
4.99 64.90 .05 63.31 1.882 Na, 8O, -+ Nal
2H,0
Av. (of 2) - .03 63.32 '1.881 N=2,80; -+ Nal
2H,0
0.00 .00 63.35 1.881 Nal:2H,O
. 25°¢
0.00 21.78 0.00 Na,S0,;10H;0O
23.91  5.15 17.54 6.77 Na;SO410H,0
23.58 8.10 14.87 11.50 Na;SO,10H;O
20.09 13.94 11.83 18.46 Na3S0410H,0
15.62 17.42 10.81 20.30 Na,SO410H,0

Jonn E. Rrect

13.11
13.05
14.03
13.49
18.05 26.
12.48 29.
Av. (of 5)
0.
36.74 6
20.01
20.13
20.00
20.16
20.27
19.94 45.
20.06 49.
19.96 54.
4.02 64.
2.98 72.
Av. (of 4)
0.00

22.
23.
25.
27.

19.
27.
32.
36.
41.

0.
12.
23.
32.
41.
43.
54.
64.

35.01
29.87
25.01
20.07
17.78
20.16
6.02
6.00 67.
2.04 70.
Av. (of 3)
0.00

20
56
00
02
02
31

00 33.
.57 26.
97 14.
11 7.
16 4.
77 2.
72 0.
.30
.14
.02
.07
.07
.06
.00

45
73
55
97
00

00
98
88
89
98
54
22
78
92
48

32.
17.
.73
.22
.51
.43
.04
.04
.02
.06
.04
.00

NN NN®

70
94
61

64
63
97
65
91
97
09
06
70

09
19

24.81
26.84
30.05
31.77
31.74
31.76
31.77

0.00

7.60
21.22
31.21
38.58
45.01
51.91
56.54
62.05
64.76
64.76
64.75
64.75
64.79

Na»S0, 10H,0
N 32304_‘ ].OHzO
NazSO4' 10H20

Vol. 58

N: 32504'10H20 + Nast4
Na3S0410H20 + NazSO;
N: 32804'10}120 + N3,2304
N82804‘10H20 + NQ.QSO4

Na,S0; (m)®
N 82304 (m)
N 3,2SO4 (m)
N 3.2804 (m)
N: 32504
Na,SO,

N 32304

N azSO.g

N 32SO4

N32804 + NaI2H20
Na,SO, 4+ Nal-2H,O
Na2SO4 + NaIszo
Na,SO; 4+ Nal-2H,O

NaI-2H.O

4504

0.00
16.52
31.73
42.85
52.27
52.75
67.85
68.29
68.22
68.25
68.25
68.32

N azsod
‘Na,S0,
N 32804
N 2.2504
N 32S04
N3.2SO4
N a2S04

Na,SO; + Nal-2H;O0
NazSO4 + NaI_'2H20
Nast4 + NaI2H20
Nast4 + NaI-2H20

NaI-2H;0

“ The data for the 45°, and for part of the 25°, isotherms
were obtained by Dr. Nicholas S. Yanick, formerly of this
® m = metastable solid phase.

Department.

three isotherms being shown graphically in Figs.
2,3and 4. As may be seen from the diagrams the

Nal

HO

y Naz50,.10 RO

.50,

Fig. 2.—15° Isotherm: NaI-Nay,SO4~H,0.

only stable phases existing in the system at 45°
are anhydrous NaySO; and Nal-2H,O, while at
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15 and 25°, NasSO410H;O appears, giving three
stable phases. In Fig. 3, for the 25° isotherm,
the curve a-b represents the solubility of Na,SOy
10H:O as stable phase in the ternary system;

NS0,
Fig. 3.—25° Isotherm: Nal-Na,SO+~H,0.

point b, an isothermally invariant solution in
equilibrium with both hydrated and anhydrous
NaySOy4; the curve b-c, solutions in equilibrium
with anhydrous NaySO, as solid phase; point c,
the isothermally invariant solution for the two
solid phases Na,SO, and Nal-2H,O; and the
very short curve c-d, the solubility curve of Nal-
2H,0. The curve b-e is the metastable extension
of the solubility curve b-c, of Na,SOy, point e being
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the metastable solubility of anhydrous NaySOy in
water at 25°.

HL0

N\ NAZSQ

Fig. 4.—45° Isotherm: Nal-Na,S0,~H,O.

Acknowledgment.—The author wishes to ex-
press his thanks to Dr. Nicholas S. Yanick, for-
merly of this Department, for his help in some of
the experimental work of this paper.

Summary
Solubility measurements are given for the sys-
tems KI-K>SO~H,0 (at 25°) and Nal-Nay,SO4—
H,0 (at 15, 25 and 45°); these salt pairs form
neither double salts nor solid solutions at the tem-
peratures reported.

New Yorg, N. Y, RECEIVED ‘APRIL 21, 1936

[ CONTRIBUTION FROM THE LABORATORIES OF THE WM. S. MERRELL COMPANY]
Phenyl Urethan Anesthetics. II
By E. S. Cook anp T. H. RIDER

The value of phenyl urethans as local anesthet-
ics has been pointed out by Rider.! The present
paper continues work in this field and deals
largely with phenyl urethans of y-dialkylamino-
propanols (R:NCH.CH,CH,OH). Two esters of
dialkylaminoisopropyl alcohols (ReNCH,CH-
OHCH;) and the phenyl urethan of B-diethyl-

aminoethanol are included.

"~ These compounds are of particular interest be-
cause they are isomeric with the p-aminobenzo-
ates, several of which have found considerable use
as local anesthetics. The p-aminobenzoate homo-
logs of compounds 4 and 9 (see Table I) are

(1) T. H. Rider, (a) Tais JourNaL, 52, 2115 (1930); (b) ibid.,
62, 2583 (1930); (c) J. Pharmacol., 39, 457 (1930); (d) ibid., 47, 255
(1933).

marketed as butyn and procaine, respectively, and
the p-aminobenzoate homologs of compounds 2,
3,2 and 6% have been prepared and found to pos-
sess local anesthetic activity.

Experimental Part

Amino Alcohols.—Beta-diethylaminoethanol, y-diethyl-
aminopropanol, and v-di-z-butylaminopropanol were ob-
tained from the Eastman Kodak Company and redistilled.
The other ~-dialkylaminopropanols (dimethylamino-, di-
n-propylamino-, piperidino- and methylphenethylamino-)
were prepared by condensing the proper secondary amine
with trimethylene bromohydrin in the absence of a solvent.

(2) O. Kamm, R,. Adams and E. H. Volwiler, U. S. Patents 1,358,-
750 and 1,358,751; E. H. Volwiler, Science, 638, 145 (1921); H. L.
Schmitz and A. S. Loevenhart, J. Pharmacol., 24, 159 (1924).

(3) A. C. Cope and S. M. McElvain, Tris JourNaAL, 53, 1587
(1931).
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TABLE 1
PHENYL URETHAN HYDROCHLORIDES OF AMINO ALCOHOLS
Chlorine, % M. p., °C.
Compound, urethan hydrochloride Formula Caled. ou (corr.)
1  y-Dimethylaminopropylphenyl Ci2Hy90,N,Cl 13.71 13.89 13.80 131-132.5
2 v-Diethylaminopropylphenyl C14H230,N,Cl 12.37 12.57 12.55 140.5-142.5
3 v-Di-n-propylaminopropylphenyl Ci6H:70,N,Cl1 11.27 11.33 11.31  159.5-160.5
4 v-Di-n-butylaminopropylphenyl” C1sH3510.N,Cl1 10.35 10.48 10.43  123-124
5 v-Piperidinopropylphenyl C15H230,N:Cl 11.87 11.81 169-169.5
6 v-(Methylphenethyl)-aminopropylphenyl CisH2:0,N,Cl 10.17 10.23 10.20 192.5-193.5
7 1-Diethylaminopropanol-2-phenyl C1sH2;0,N,Cl 12.37 12.52 12.55 137.5-138.5
8 1-Piperidinopropanol-2-phenyl CysHy30,N,Cl 11.87 11.23 11.17° 88-89.5
9 B-Diethylaminoethylphenyl® Ci3H 0N, Cl 13.00 13.04 13.05 142.5-143.5

¢ Previously prepared by Rider, ref. 1b. ® Difficult completely to free from solvent. ° Previously prepared by Ri-
der® and reported by Fromherz [Arch. Exptl. Path. Pharmakol., 76, 257 (1914)]; m. p. given as 138-139°.

All were heated under reflux except dimethylamine (used
as the 339%, aqueous solution) which required a sealed tube.
Usually no condensing agent was employed, but potas-
sium carbonate was used successfully in several cases.
The reaction mixtures were treated with potassium hy-
droxide solution, extracted repeatedly with ether, dried
over potassium hydroxide, and the ether was removed.
The alcohols were distilled either 7z vacuo or at atmospheric
pressure. All of these alcohols are recorded in the litera-
ture with the exception of y-(methylphenethyl)-aminopro-
panol. For this alcohol the methylphenethylamine was
prepared from pg-phenylethylamine, benzaldehyde, and
methyl iodide by the method of Decker and Becker* with
modifications suggested by Buck.® The amine was con-
densed with trimethylene bromohydrin as above. +-
(Methylphenethyl)-aminopropanol is a rather viscous,
water-white liquid with a very slight violet fluorescence.
It distils at 155-157° at 12 mm.

Amnal. Caled. for C3H;3ON: N, 7.25. Found: N, 7.01.

1-Diethylamino- and 1-piperidinopropanol-2 were pre-
pared by condensing the amines with propylene oxide. A
sealed tube was necessary for the diethylamine but not for
the piperidine. This method, which apparently has not
been applied before to the preparation of these two com-
pounds, gave 80%, yields of amino alcohols, identical in all
properties with those obtained from the corresponding
chloro- or bromohydrin.

Phenyl Urethan Hydrochlorides.—Equimolar quantities
of the amino alcohol and phenyl isocyanate were refluxed
in absolute ether until disappearance of the odor of phenyl
isocyanate. After cooling the reaction mixture, the hy-
drochloride was precipitated by adding a solution of hy-
drogen chloride in dry ether. The hydrochloride usually
precipitated as a solid but 1-piperidinopropanol-2-phenyl
urethan hydrochloride came down as an oil and consider-
able difficulty was encountered in crystallizing it. All the
hydrochlorides were crystallized from a mixture of ethyl
acetate and acetone except the ~-(methylphenethyi)-
amino compound which was purified from absolute alcohol.
The melting points and analyses of the compounds are
given in Table 1.

Pharmacological Properties.—In Table II
data relative to the local anesthetic activity and

(4) H. Decker and P. Becker, Ann., 398, 362 (1913).
(5) J. S. Buck, THis JOURNAL, 52, 4119 (1930); 64, 3661 (1932).

toxicity of these compounds are given. All tests
were made with 19, solutions of the hydrochlo-
rides in distilled water. The third and fourth
columns give the time in minutes required for the
production of sensory and motor anesthesia in the
exposed sciatic nerve of the frog.® The fifth
column gives the duration of anesthesia after a
one-minute application of the solution to the
cornea of the rabbit.®! Column six gives the ap-
proximate minimum lethal dose in milligrams per
kilo by subcutaneous injection into guinea pigs.

TasLg II
PHARMACOLOGICAL PROPERTIES
pH,1% Time of Duration of
Solution onset of anesthesia,
(quinhydrone anesthesia, min. min. Toxicity
Compound electrode) Sensory  Motor Cornga mg./kg.
Cocaine 5.10 4 14 30 60
Procaine  5.50 6 18.5 Incomplete 400
1 5.82 6 36.5 Incomplete
2 5.98 3.5 27 14 150
3  6.46 2.75 21.75 24.5 150
4 5.93 2 10.5 65.5 150
5 5.88 3 16.5 17 150
6 5.40 3 28.75 91.5 75
7 6.48 3.25 16.5 16 150
8 5.47 3 25.5 35 200
9 6.25 3.75 14 11 150

- It will be observed that the two derivatives of
isopropyl alcohol (7 and 8) show some superiority
over their primary alcohol isomers (2 and 5) in
anesthetic activity and are less toxic as well. The
one compound here reported with two dissimilar
alkyl groups on nitrogen (6) has the highest anes-
thetic activity of the compounds tested but is
extremely toxic. An increase in anesthetic power
is found as the size of the nitrogen alkyls increases
behavior which is duplicated in other series of
anesthetics, but no progressive increase in toxicity
is observed. The surprising similarity in toxici-

(6) T.H. Rider, J. Pharmacol., 39, 329 (1930).
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ties of these compounds is worthy of comment.
The results were checked several times and are
believed to be accurate within 30%,. The di-
ethylaminoethylphenyl urethan is less active
than either of the propanol homologs, which,
again, is in accord with previous observations on
the influence of the length of the alcohol chain,
but it is no less toxic. The propanol compounds
are more effective on the exposed nerve, by the
test which measures onset time rather than dura-
tion, than the corresponding mono- and diphenyl
urethans of dialkylamino propanediols’® but the
reverse is usually true with respect to corneal anes-
thesia. Other comparative tests indicate that
the diphenyl urethans of propanediols (such as
diothane) are more effective as topical anesthet-
ics, and while giving a slower onset time likewise
give considerably more prolonged duration of
anesthesia following intradermal injection.

The phenyl urethans here reported are more
active on the rabbit’s cornea than such of the iso-
meric p-aminobenzoates as have been prepared
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and tested.*?® This same behavior has been ob-
served for the corresponding esters of piperidino-
propanediol” as well as for the phenyl urethan and
p-aminobenzoate of 2-diethylamino-3-hydroxy-
1,2,3,4-tetrahydronaphthalene.® These facts
prompt the suggestion that the phenyl urethan
configuration confers more topical anesthetic
activity upon a molecule than does the isomeric
p-aminobenzoate group.

Acknowledgment.—We wish to thank Dr. R. S.
Shelton for assisting in the pharmacological work
and Mr. Karl Bambach for the analyses.

Summary
The phenyl urethans of a number of dialkyl-
aminopropanols have been prepared and shown
to have local anesthetic properties. It is sug-
gested that the phenyl urethan group is more ac-
tive in causing anesthesia of the mucous surfaces
than the isomeric p-aminobenzoate group.

(7) E. W. Scott and T. H. Rider, THIs JoURNAL, 58, 804 (1933).
(8) E.S. Cook and A. J. Hill, to be published.
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Studies in the Pyrrole Series.

I. The Preparation of Certain N-Methyl Pyrroles®

By ArsopH H. CoRWIN? AND WM. M. QUATTLEBAUM, JR.}

If we accept Kiister’s formulation of the por-
phyrin nucleus as proved and exclude ‘“‘resonance
isomers,” the following isomeric forms should be

possible
J—\CH HC——L )——
n*/ el l:( NHL

These will be referred to as N-isomers.

Fischer* has suggested the simpler possibility
of N-isomerism in di-pyrryl methenes but has not
demonstrated its existence. Since N-isomers of
the salts of methenes with mineral acids would

(1) From the doctoral dissertations of Alsoph H. Corwin, Harvard
University, 1932, and Wm. M. Quattlebaum, Jr., Harvard Uni-
versity, 1934. The authors wish to acknowledge their indebtedness
to Dr. James B. Conant for suggesting this field of research and their
appreciation of his advice and guidance in the direction of the work.

(2) Present address, Department of Chemistry, The Johns Hop-
kins University, Baltimore, Md.

(8) Present address, Carbide and Carbon Chemicals Corp., South
Charleston, W. Va.

(4) Fischer, Z. physiol. Chem., 128, 63 (1923).

1A

be ‘‘resonance isomers,” a separation should be
achieved only by fractionation of the free bases.
Likewise with the porphyrins, the salts with acids
would be ‘‘resonance isomers.” As a result we
should not expect to find examples of N-isomer-
ism among the synthetic porphyrins made by
acid melts unless the free bases had been frac-
tionated subsequently by a procedure not in-
volving the use of acid. Conant and Bailey® have
pointed out that differences between N-isomers
should be destroyed by conversion into metallic
complexes but found no porphyrins which ex-
hibited this phenomenon.

iy
!I:“>N\I'{\N<,:ll

01

——CH

(5) Conant and Bailey, TH1is JourNaL, 55, 796 (1933).
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An examination of a space model of a porphyrin
suggests the possibility that the adjacent second-
ary and tertiary nitrogens might be joined by a
hydrogen bridge.

In such a case the predicated N-isomerism
would not appear but might give way to another
type in which the H bridges exchanged their part-
ners.® Substitution of a functional group for
hydrogen would destroy the latter isomerism and
create the appearance that the original porphy-
rins were N-isomers.

To test the theoretical considerations presented,
the question of N-isomerism is being submitted
to experimental examination. It is proposed to
synthesize porphyrins from compounds suited to
the determination of the positions of the methyl-
ated nitrogens with reference to the unmethylated
nitrogens. It is then proposed to N-methylate
. porphyrins and to compare the products with
those prepared by synthesis. The first phase of
this problem is the preparation and proofs of the
structures of certain N-methyl pyrroles. Start-
ing with Knorr's pyrrole (2,4-dimethyl-3,5-di-
carbethoxypyrrole) the following interrelation-
ships have been established

CH;
C.H;00C

Na CH3

~COOC2H5
e s
(CH;)2S04 CH;00C

H
N

NH
TCOOCzHa

CHO
NCH;

e

NCH;

CHa CH3 T

C,H;00C

KOH
D
(CH3)2S0s

C,H;00C CHO

NH

CH,; [COOC2H5 H,S0,
C2H(,OOC\ )CHa
NCH;
CHyi—C:Hs CH,0 CoHijm
ew, —
H CH ——CH,
\ / 3 CHa\ QH,
NCH; NCH;

NCH;
H.NNH, —CHj
i & ‘
C:H;ONa

H,
Ni

CHj ”C‘OCH;;
CzI‘IaOOCk CH3
NCH;

That the methyl group remains attached to
nitrogen through all these reactions is shown by

(6) The authors are indebted to Dr. Maurice L. Huggins for sug-
gesting and critically examining the possibility of the existence of H
bridges.

AvsopH H. CORWIN AND WM. M. QUATTLEBAUM, JR.

COOC,H;

I“COOCzHa

CH; }COOH heat CH.’!\"
C HaOOCb 2H500C\
CHy—

NCH;

Vol. 58

the fact that methylamine free from ammonia is
obtained by the hydrolysis of N-methylmethyl-
ethylmaleic imide. The di-N-methyldipyrryl-
methane indicated is the first completely alkyl-
ated dipyrrylmethane to be obtained by conden-
sation with formaldehyde, despite many at-
tempts.”

The second phase of the problem was the syn-
thesis of N-methyl methenes. Since the simplest
unsymmetrical methene containing carbethoxy
groups rather than ethyl was unknown, it was pre-
pared by the condensation

CHa"‘-ICOOC2H5 + CHs_‘—‘COOCgHs
+
CgHaOOCt )CHO Ht JCHs
NH NH

CH;.——COOC.H;

HCl —>

CH;=—=COOC;H;

/CHg
» NH*Cl1-

In this instance it was necessary to modify the
usual methods for the preparation of methenes
which failed due to the instability of this methene
in solution.

The three possible combinations of the N-
methyl homologs of the pyrroles in this condensa-

CHa—} COOC,H;
CgHﬁOOC\JCHClz
NCH;

CzHSOOC\/“———CH:}\

NH

SO.Cl,
—_

CHxT COCH3
C2H500C\ JCHs

NH
Nai (CH3)2S0,

CH; '—T COCH;
\JCHS

NCH;

—H  CH3COCI1
__*v,‘____>
NCH, ‘

C.H; CrO; C:H;C=CCH; KOH
—> | —— NH,CH;

NCHaT

Na
|
(CHS)QSO4

CzH,!,(l., = LQH
0=C C=0
\/

CHs C.Hs
CoH500C\ JCH:;

CHajcsz NaOCH(CH3)2C2H5

CQHBOOC\ CH;, (CH;).S0,
NCH;

That this failure

(7) Fischer and Bartholomius, Z. physiol. Chem., 83, 50 (1913);
Fischer and Eismayer, Ber., 47, 2021 (1914); Fischer and Nenitzescu,
Ann., 448, 123 (1925); Fischer, Halbig and Walach, ibid., 462, 287
(1927).

tion failed to yield methenes.



July, 1936

was due to a different type of reaction than that
usually formilated will be shown in a separate
communication.

To take advantage of the greater tendency to-
ward methene formation exhibited by pyrroles
containing only alkyl groups in the B-positions,
the following combinations were tried

CHj; “Csz CH;—C.Hs P
, an
CzHg,OOCt CHO HOOCUCHO

NH

C2H5 THEET! CH3 (.,Hal ' CZHS

. | with |

CH; CHO H CH;

NH NCH;

None of these yielded N-methyl methenes.

The failure of the aldehyde condensation led to
an examination of the other general methods for
methene synthesis. A di-N-methyldipyrryl-
methane was prepared by the reactions

CH;i— COOCzHﬁ KOH CH;;—I COOC2H5 heat
—_
CzHBOOCt)CHa HOOCUCHa

NCH; NCH;
CHa ’ ”COOCZHB CHzO

——
/CH3

NCH:
CzHaOOCHCHa cHa

CH; —CHy—
\N/CHs NCHs
Neither the oxidation of this methane nor that
of the hexamethyldiethylmethane mentioned
earlier yielded a methene. The reactions of
1,2,4-trimethyl-3-carbethoxy and 1,2,4-trimethyl-
3-ethylpyrroles with bromine and with formic
acid again failed to yield methenes. Finally,
attempts to methylate 3,5,3',5'-tetramethyl-4,4'-
dicarbethoxydipyrrylmethene were unsuccessful.
Our failure to obtain N-methylmethenes sug-
gests the desirability of subjecting the various
methene syntheses to careful scrutiny and com-
mends to attention the possibilities of the syn-
thesis of N-methylporphyrins by methods not
involving the use of dipyrrylmethenes.
The authors are indebted to Mrs. G. Ware
Wellwood for performing many of the micro-
analyses reported in this paper.

”COOC2H5

Experimental Part

2,4-Dimethyl-3,5-dicarbethoxypyrrole..—The yield may
be improved by adding sodium acetate to the zinc dust
reduction to form a complex with zinc acetate and thus in-

(8) Hans Fischer, “Organic Syntheses,”” Vol. XV, 1935, p. 17;
Winans and Adkins, THIs Journar, 85, 4167 (1933).
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crease its solubility,? and by adding the solution of the ni-
troso compound to the mixture of zinc dist, sodium ace-
tate, ethyl acetoacetate and glacial acetic acid instead of
adding zinc dust to the other compounds; yield 75%.

1,2,4 - Trimethyl - 3,5 - dicarbethoxypyrrole.—Twenty-
eight grams of sodium wire, 200 g. of 2,4-dimethyl-3,5-di-
carbethoxypyrrole and two liters of toluene were heated
with stirring for four hours on a steam-bath. The sodium
salt of the pyrrole separated as a whité curdy precipitate.
Ninéety cc. of freshly distilled dimethyl sulfate was then
added dropwise and stirring and heating continued for
another hour. The sodium methyl sulfate was filtered
off and washed with toluene. The toluene was removed
from the filtrate by steam distillation. On cooling the
pyrrole crystallized out; yield 85-90%. The product
may be recrystallized from methanol and water or from
methanol alone by cooling with dry ice; m. p. 113-114°,

Anal. Caled. for CisHON: C, 61.62; H, 7.56; N;
5.563. Found: C, 61.84; H, 7.95; N, 5.74,

As an alternative the sodium salt may be formed by the
action of sodiiim tertiary amylate in tertiary amyl alecohol
and subsequently methylated with dimethyl sulfate.
The yield by this method was the same.

1,4 - Dimethyl - 2 - formyl - 3,5 - dicarbethoxypyrrole.—
(a) Five grams of 2-formyl-3,5-dicarbethoxy-4-methylpyr-
role was dissolved in a solution of 1.1 g. of potassium hy-
droxide in 11 cc. of methyl alcohol. Two and one-half
cc. of dimethyl sulfate was added slowly below 50°. The
mixture was allowed to stand for half an hour and cooled
to crystallize the N-methyl aldehyde. The aldehyde was
filtered off, washed with water and crystallized from
methanol, m. p. 94°. This is the procedure of choice in
quantity preparations.

(b) Twenty-five and three-tenths grams of 1,2,4-tri-
methyl-3,5-dicarbethoxypyrrole was dissolved in 127 g. of
glacial acetic acid and 27 g. of sulfuryl chloride added
slowly at 60°. The temperature was maintained for half
an hour and the flask then cooled to 20° to permit crystal-
lization of the aldehyde. Less pure product may be ob-
tained by precipitating the mother liquor with water;
m. p. 93°; mixed m. p. with aldehyde obtained in (a)
93°.

Anal. Caled. for C,sH;7OsN:
Found: C, 58.34; H, 6.44.

1,2,4 - Trimethyl - 3 - carboxyl - 5 - carbethoxypyrrole.—
The procedure was essentially that of Fischer and Walach!0
for the lower homolog. Twenty-five grams of 1,2,4-tri-
methyl-3,5-dicarbethoxypyrrole was added to 100 cc. of
concd. sulfuric acid and the temperature kept below 30°:
recovery 3 g.; yield 60% of the remainder; decomposition
point 192°,

Amnal. Caled. for Cqu.ﬂ)O.le
Found: C, 58.99; H, 6.91.

1,2,4 - Trimethyl - 5 - carbethoxypyrrole.—The decar-
boxylation of the preceding compound was carried out as
rapidly as possible in three times its weight of anhydrous
glycerine;!! yield 75%,; m. p. 47°. The substance has 4
peculiar, sickening, sweetish odor.

C, 58.39; H, 6.41.

C, 58.63; H, 6.71.

(9) Davidson and McAllister, ibid., 52, 507 (1930).
(10) Fischer and Walach, Ber., 68, 2820 (1925).
(11) Fischer, Berg and Schormiiller. Ann., 480, 114 (1930).
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Anal., Caled. for CioHis0.N:
Found: C, 65.92; H, 8.34.

1,2,4 - Trimethyl - 3 - acetyl - 5 - carbethoxypyrrole.—
(a) The best method for the preparation of this compound
is the methylation of 2,4-dimethyl-3-acetyl-5-carbethoxy-
pyrrole by the method given for 1,2,4-trimethyl-3,5-dicar-
bethoxypyrrole; yield 80%,; m. p. 62° after recrystalliza-
tion from ligroin.

‘(b) The preparation from 1,2,4-trimethyl-5-carbethoxy-
pyrrole by the Friedel-Crafts reaction follows that of the
lower homolog;!? yield 259, after recrystallization; m. p.
60-61°; mixed m. p, with product from (a) 61°.

Anal. Caled. for C.Hi;O3N: C, 64.53;
Found: C, 64.46; H, 7.54.

1,2,4-Trimethyl-3-ethylpyrrole.—The procedure for pre-
paring this from 1,2,4-trimethyl-3-acetyl-5-carbethoxy-
pyrrole follows essentially that of Fischer, Baumann and
Riedl.’? The substance is sensitive to oxidation and
should be protected by nitrogen; yield 55%; b. p. 93° at
23 mm.

Anal. Caled. for C¢gH;;N: C, 78.75; H, 11.02. Found:
C, 77.85; H, 10.45.

(It appeared that this analytical discrepancy was due to
the rapidity with which the substance oxidized during the
weighing process.)

1,3,5,1/,3/,5’ - Hexamethyl - 4,4’ - diethyl - 2,2’ - di-
pyrrylmethane.—Success in preparing this compound de-

C, 66.25; H, 8.34.

H, 7.67.

pends upon the absence of mineral acid. The acid neces-

sary for condensation was supplied by using old formalin
which had accumulated enough formic acid to give an acid
reaction to litmus.

One gram of N-methylcryptopyrrole, 2 cc. of 959, ethyl
alcohol and 0.5 cc. of 409, formalin solution were stirred
together without warming. The methane separated in
colorless crystals. The precipitate was filtered off, washed
and crystallized from methanol. It was very sensitive to
air and was dried in a vacuum and stored under nitrogen;
m. p. 106°.

Amnal. Caled. for CyyHgoNs:
Found: C, 79.80; H, 10.67.

N-Methylmethylethylmaleic Imide.—(a) Two grams of
1,2,4-trimethyl-3-ethylpyrrole was suspended in a satu-
rated aqueous solution of 8 g. of CrO; and 50 cc. of 209,
sulfuric acid added drop by drop at 60°. The flask was
kept at 70° for several hours with occasional stirring and
rubbing of the resinous precipitate. The solution was
cooled, extracted five times with ether, the extract washed
with water, dilute soda solution and again with water,
dried and distilled. The imide was a colorless oil; b. p.
215-220°.

(b) 1,3,5,1’,3",5" - Hexamethyl - 4,4’ - diethyl - 2,2’ - di-
pyrrylmethane was oxidized according to the above proce-
dure. N-methylmethylethylmaleic imide was isolated.
‘When saponified according to the directions below and
tested for ammonia the latter was found to be absent.
CH;NH;Cl was isolated; m. p. 226-227°; mixed m. p.
with CH;NH;CI, 227°.

(c) One and four-tenths grams of methylethylmaleic
imide was dissolved in 20 cc. of toluene and treated with

C, 79.65; H, 10.56.

(12) Fischer and Schubert, Z. physiol. Chem., 185, 102 (1926).
(13) Fischer, Baumann and Riedl, Ann., 475, 239 (1929).
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0.46 g. of sodium and then 2.52 g. of dimethyl sulfate ac-
cording to the procedure for 1,2,4-trimethyl-3,5-dicar-
bethoxypyrrole. The toluene was removed by vacuum
fractionation. The imide boiled at 215-221°.

Hydrolysis Procedure.—Two 50-cc. distilling flasks were
connected through their side-arms with a small condénser.
The first flask was provided with an ebullition tube, the
second with a stopper containing a 12 in. length of 12 mm.
glass tubing which dipped below a few cc. of distilled water
in the flask. The imide was placed in the first flask with
20 cc. of normal sodium hydroxide solution and the
apparatus tilted so that the condenser acted as a reflux
during the hydrolysis. The solution was boiled for an
hour, the apparatus tilted toward the second flask and the
amine distilled slowly until most of the water had passed
over. The liquid in the receiver was then tested for am-
monia and methylamine by Thatcher’s test.!* No ammo-
nia was found. A portion of the distillate was neutralized
with hydrochloric acid and evaporated to dryness. A test
portion of the residue was found to be completely soluble
in absolute alcohol previously saturated with ammonium
chloride. The residue was crystallized from hot absolute
alcohol and ether; m. p. 227°; mixed m. p. with CH;-
NH:CI, 227°,

1,2,4 - Trimethyl - 3 - ethyl - 5 - carbethoxypyrrole.—(a)
This product may be prepared by the catalytic hydrogena-
tion of 1,2,4-trimethyl-3-acetyl-5-carbethoxypyrrole in al-
coholic solution with Raney’s catalyst,'® at 2500 pounds
per sq. in. pressure and 150°. The pyrrole distilled at
124° at 2 mm. This is the method of choice in the prepa-
ration.

(b) The substance may be prepared by methylation of
2,4-dimethyl-3-ethyl-5-carbethoxypyrrole by the tertiary
amylate method mentioned for 1,2,4-trimethyl-3,5-dicar-
bethoxypyrrole, b. p. 120-125° at 2 mm. Comparison of
b. p. with product from (a) in the same apparatus shows
them to be identical.

Anal. Caled. for CunOzNZ
Found: C, 68.65; H, 9.04.

3,5,4’ - Tricarbethoxy - 4,3',5' - trimethyl - 2,2’ - di-
pyrrylmethene.—Attempts to prepare this compound by
any of the methods employed by Fischer for methene syn-
theses were unsuccessful. It was finally prepared by using
cold ether as a solvent for the reaction and dry hydrogen
chloride gas as a catalyst. The methene was so insoluble
in ether that it crystallized out as rapidly as formed. It
was then found that the earlier failures to obtain this
methene were due to the fact that it decomposed when
dissolved in alcohol or glacial acetic acid. In fact, this
methene was not stable in any solvent which was investi-
gated.

Two and five-tenths grams of 2-formyl-3,5-dicarbethoxy-
4-methylpyrrole and 1.67 g. of 2,4-dimethyl-3-carbethoxy-
pyrrole were dissolved with warming in 175 cc. of dry
ether. The mixture was cooled to 10° and dry gaseous
hydrogen chloride passed in for fifteen to twenty minutes.
The solution was allowed to stand at 0° for several hours,
the methene filtered off and washed with ether. Brilliant

C, 68.90; H, 9.09.

(14) Mulliken, ‘“Identification of Pure Organic Compounds,”
John Wiley & Sous, Inc., 1916, Vol. II, p. 20.

(15) Raney, THIS JOURNAL, 64, 4116 (1932); Signaigo and Adkins,
ibid., 58, 710 (1936).
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yellow needles were obtained. The crystals changed color
at 120° and sintered gradually as the temperature was
raised. The substance could not be recrystallized satis-
factorily. When dissolved in cold toluene and plunged
quickly into dry ice, crystals separated which were less
pure than the starting product. When this methene was
boiled in alcohol it decomposed to give 2-formyl-3,5-di-
carbethoxy-4-methylpyrrole, m. p. 124°, and a residue
which has not been identified.

Anal. Caled. for CyHyO6N.Cl: C, 57.44; H, 6.20.
Found: C, 58.01, 57.95; H, 6.20, 6.65.

The analytical discrepancy indicates an impurity which
differs from the aldehyde used, because this has less C and
H than the methene, and which probably is not 2,4-di-
methyl-3-carbethoxypyrrole since this should have been
removed by the ether wash used. Hence we feel that the
discrepancy needs further investigation.

The attempted condensations of aldehydes and a-unsub-
stituted pyrroles to give N-methylmethenes followed the
directions given above. The combinations tried were 2-
formyl-3,5-dicarbethoxy-4-methylpyrrole with 1,2,4-tri-
methyl-3-carbethoxypyrrole;  1,4-dimethyl-2-formyl-3,5-
dicarbethoxypyrrole with 2,4-dimethyl-3-carbethoxypyr-
role and with 1,2,4-trimethyl-3-carbethoxypyrrole; 1,2,4-
trimethyl-3-ethylpyrrole with 2-formyl-3-ethyl-4-methyl-
5-carbethoxypyrrole, with 2-formyl-3-ethyl-4-methyl-5-
carboxylpyrrole, and with 2-formyl-3,5-dimethyl-4-ethyl-
pyrrole. These condensations led to reddish or purple oils.

1,2,4 - Trimethyl - 3 - carbethoxy - 5 - carboxylpyrrole.—
Twenty-six grams of potassium hydroxide was dissolved
in 300 cc. of 959, alcohol and 105 g. of 1,2,4-trimethyl-3,5-
dicarbethoxypyrrole added and refluxed for two and one-
half hours. The solution was poured into cold water,
talc added and filtered. The pyrrole acid was precipi-
tated with hydrochloric acid, filtered off and dried, yield
90%,.

Anal. Caled. for C11H1504N:
Found: C, 58.93; H, 7.18.

1,2,4 - Trimethyl - 3 - carbethoxypyrrole.—The prepara-

_tion was similar to that of 1,24-trimethyl-5-carbethoxy-
pyrrole; yield 75%; m. p. 57°; mixed m. p. with the 5-
carbethoxy isomer, 39°. The substance has nearly the
same sickening sweet odor as its isomer. Repeated re-
crystallizations raised the m. p. to 62°.

Anal. Caled. for CmeOzNI C, 6625,
Found: C, 66.40; H, 8.59.

1,3,5,1/,3',5' - Hexamethyl - 4,4’ - dicarbethoxy - 2,2’ -
dipyrrylmethane.—The procedure was similar to that of the
corresponding 4,4’-diethylmethane except that hydrogen
chloride catalyst was used and the mixture warmed. The
yield was nearly quantitative, m. p. 151-152°.

Anal. Caled. for CuHj3O04N,: C, 67.33;
Found: C, 67.43; H, 8.45.

C, 58.63; H, 6.71.

H, 8.34.

H, 8.08.
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The preceding compound and its 4,4’-diethyl analog
were treated with bromine in the usual manner for the
preparation of methenes. Purple oils resulted from which
no crystalline material could be isolated.

The method tried for the bromination of N-methyl pyr-
roles was essentially that of Fischer.'® 1,2,4-Trimethyl-3-
carbethoxypyrrole and 1,2,4-trimethyl-3-ethylpyrrole were
tried and the products were purple oils.

The method tried for the condensation with formic acid
was essentially that of Fischer and Zerweck.!” . The pyr-
roles used in the bromination were used in this condensa-
tion and again purple oils resulted.

3,5,3",5" - Tetramethyl - 4,4’ - dicarbethoxydipyrryl-
methene, obtained by the formic acid condensation of
Fischer and Zerweck was treated with sodium in the same
manner as with Knorr’s pyrrole. A bright red precipi-
tate separated. When dimethyl sulfate was added to this
the precipitate dissolved and the toluene solution turned
green. When a toluene solution of the methene was
treated with a small amount of mineral acid and warmed a
similar green color appeared. This decomposition was
even more marked in glacial acetic acid. Every attempt
to recrystallize a mineral acid salt of this compound led to
more or less extensive decomposition. A few minutes’
boiling in glacial acetic acid was sufficient to complete this
decomposition. We intend to submit this reaction to
further investigation to determine whether or not this be-
havior is typical of dipyrrylmethenes.

Summary

1. The theoretical limits of a new type of isom-
erism have been discussed.

2. A program has been outlined which is de-
signed to test the possibility of the existence of
this type of isomerism.

3. The preparation of a group of N-methyl-
pyrroles to fit into this program has been reported.

4. The formaldehyde synthesis of dipyrryl-
methanes has been modified to permit the prepa-
ration of a completely alkylated dipyrrylmethane.

5. A method has been described for obtaining
a dipyrrylmethene not available by older meth-
ods.

6. Attempts to prepare N-methyldipyrryl
methenes have been described.

7. Certain decompositions of dipyrrylmeth-
enes have been reported.
BALTIMORE, Mb. RECEIVED MARCH 4, 1936

(16) Fischer, Sitz. ber. math. physik. Klasse Bayer. Akad. Wiss.
Miinchen, 410 (1915).
(17) Fischer and Zerweck, Ber., 56, 526 (1923).
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Studies in the Pyrrole Series. II.

The Mechanism of the Aldehyde Synthesis of

Dipyrrylmethenes'

By ArsorH H. CORWIN AND JOHN S. ANDREWS

In the preceding paper? it was shown that the
introduction of N-methyl groups into the pyrrole
nucleus causes the aldehyde synthesis of methenes
to follow a course different from that usually
postulated. Fischer and Ernst® have also re-
ported an anomalous aldehyde condensation

CH% C2H5 CHB UCOOC2H5
& HaOOCk JCHO H

CH3
CszooC—Cﬂg

+ HCl —>

CHs——" COOC2H5

|
CHa\ ‘——CH:———\ /CH3
NH NH*C1~

In order to account for the product obtained
they assumed that the aldehyde was first hy-
drolyzed to yield formic acid which subsequently
reacted with the 2,4-dimethyl-3-carbethoxypyr-
role. This mechanism does not agree, however,
with their observation that the best yield of
methene resulted when two mols of the pyrrole
were used for each mol of the aldehyde. These
proportions suggest a tripyrrylmethane inter-
mediate.

The suggestion of a tripyrrylmethane interme-
diate in the formation of methenes was unwit-
tingly made by Piloty, Krannich and Will* who
obtained a colorless compound as an intermediate
in the synthesis of a methene and assigned to it
the formula of a dipyrryl carbinol. Fischer and
Ammann® proved this substance to be a tripyrryl-
methane, substantiated Piloty’s observation that
hydrochloric acid would convert it into a methene

but ignored his intuition that it was truly an in-
termediate in the reaction. If we assume a tri-
pyrrylmethane as the intermediate in the reaction
reported by Fischer and Ernst we have a complete
explanation of the “‘abnormal” reaction by as-
suming cleavage at the bond which gives the sym-
metrical methene.

It becomes of interest, therefore, to determine

‘whether or not tripyrryl methanes are actually inter-

mediates in the methene syntheses. To thisend we
are reporting herewith a study of three reactions

(1) CH;00C ’CH3
k/CHO

CHxL ”CO0C2H5 HBr

CHa
C2H500C H; CHs;=——=COOC,H;
L J———CH— CH3
NH*Br
(2) CH;00Ci—7;CHa CH;7—COOC,H; HBr
8 l l —
CH; CHO CH .
NCH;
CzHE.OOC Ha CHs——|C00C2H5
Iy
NH+Br~
@) CHO00C—CH;  CHy;—jCOOC:H; HBr
Jexo + l —
/CHO H CH;
NH NCH;
CH,O0C—CH; CH;=——=—=COOC,H;
—CH—‘- lCH
NH+Br

CH3*‘OC2H5 CHs"_“ COOCsz CHS_C2H5: CH3 COOC2H’
oo *? wl Jem | U
C.H;00C CHO H\ /CH3 C,H;00C ~—ICH—
NH ' NH
S CHa
HN |
CH COOC,H;
CHa’ CH; CyH;00C—CH; CH;=——=COOC,H;
¥ g

. CyH;00 CI\JH t /$CH s
NH NH*Cl-

(1) From the doctoral dissertation of John S. Andrews, The Johns
Hopkins University, 1935.

(2) Corwin and Quattlebaum, THis JOURNAL, 58, 1081 (1936).

{(8) Fischer and Ernst, Ann., 447, 146, 162 (1926).

(4) Piloty, Krannich and Will, Ber., 47, 2535 (1914).

(8) Fischer and Ammann, ibid., 66, 2319 (1923).

The first of these is well known. The latter
two are new examples of anomalous aldehyde
syntheses.

The possibility of the existence of a tripyrryl-
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methane intermediate in the first reaction was
tested by preparing the tripyrrylmethane and
comparing its rate of cleavage with the rate of
condensation of the aldehyde and ‘the pyrrole.
The fact that no appreciable difference in either
velocity or yield could be found indicates that the
tripyrrylmethane is a possible intermediate in the
reaction.

In the second reaction a quantitative yield of
methene was obtained when two mols of the pyr-
role were used with one mol of the N-methyl alde-
hyde. In addition, 1,2,4-trimethyl-3-carbethoxy-
pyrrole, predicted on the assumption of the tri-
pyrrylmethane mechanism, was isolated in good
yield. With equimolecular proportions the same
products were formed but approximately half of
the original aldehyde was recovered unchanged,
indicating that it was not hydrolyzed to give
formic acid under the conditions of the experi-
ment. The tripyrrylmethane postulated as an
intermediate was prepared and cleaved with acid
under the conditions of the condensation. The
same methene and N-methylpyrrole were ob-
tained. We present these three facts as positive
evidence of the existence of a tripyrrylmethane
intermediate in this reaction as formulated in the
following scheme

SYNTHESIS OF DIPYRRYLMETHENES 1087
of this material by acid led to the same yield of
the methene as was produced in the same time by
the condensation. We believe that these facts
justify the formulation of the condensation given
on the following page.

The three reactions which we have studied
represent increasing degrees of complexity in the
mechanism of the methene synthesis. They em-
phasize that the structures of the methenes ob-
tained in the aldehyde condensation cannot in all
cases be predicted from the starting products by
the formulations previously used. The carbinol
which is assumed to be formed first may undergo
further condensation to give a tripyrrylmethane.
This may cleave to form a second carbinol which
may give either a methene or a second tripyrryl-
methane. The latter may then yield a third carbi-
nol and a third methene. The number of possible

“methenes resulting from the aldehyde condensa-

tion must be increased from one to three and we
envisage the possibility that mixtures of these may
occasionally result. The factors which influence
the formation and cleavage of tripyrrylmethanes
will be the subject of a later communication.

Experimental Part
Identification of 3,5,3',5'- Tetramethyl - 4,4’ - dicar-
bethoxydipyrrylmethene (Piloty’s Methene).—The

re-

CH, oocH ;CHg CH3| COOC,H; CoH,;OOC ‘cns CH, ”COOCsz
[ Lo+ P 4
NCH, NCH; NH

::CH-'S
HN
HBr < COOC:H;
CJH.&OOC———-CH:; CzHaOOC——CHs CH3:COOC2H5
+ | |
NCH; NH*+Br-

On the basis of this evidence we should predict
that the condensation of the unmethylated alde-
hyde with the methylated pyrrole, the third re-
action, should lead to an N-methyl methene.
Actually, however, a new complication appears
which upsets this prediction. The third reaction
differs from the first two in that it is slow and does
not give quantitative yields of the methene.
That the postulated tripyrrylmethane is an in-
termediate in this reaction was proved by its ac-
tual isolation from the reaction mixture. Identi-
fication was made by comparison with a sample
prepared by the Feist fusion method.® Cleavage

(6) Feist, Ber., 36, 1647 (1902).

corded melting point of the hydrochloride’ is not a true
melting point but an irreversible decomposition point as
noted by Fischer and Schubert.® Likewise the ‘‘melting
point’’ of the free base, 190°, is the point of an irreversible
decomposition. Thus the identification of the methene
with unknown samples by the method of mixed melting
points is theoretically unjustifiable. The method of mixed
solubilities cannot be used on solutions of the methene
hydrochloride for these darken and decompose on stand-
ing even at room temperature, thus precluding long con-
tact of a solution with crystals to obtain a saturated solu-
tion. While a solution of the free base in methyl alcohol

(7) (a) Ref. 4, p. 2545; (b) Fischer and Zerweck, ibid., 66, 1947
(1922); (c) ibid., 56, 526 (1923); (d) Fischer and Heyse, Aunn., 489,
255 (1924); (e) Fischer, Schormiiller and Windecker, ibid., 498, 289
(1932).

(8) Fischer and Schubert, Ber., 56, 1209-1210 (1923).
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CszOOCﬂCHa N CH;‘““”COOC&IG Csz,OOCHCHz (:Ha——‘—](:ooqﬂ5 , CHaTCOOCgHa
CH{ JCHO H{ Jcm, CHy{_J—CHOH—{ JCHs LN )CHa

NH NCH; NCH, NCH,
C2H50()C|———ICH3 CH3—-—‘C00C2H5 CszoocWCHs C2H500C’~*—-—CH3 CHsi——HcooczH5
— |
CcH l—cHOH- JCH, CH;,L JH CH;L ——cH—{_JCH,
NCH; NCH, N NH , :
cumNd |
& COOCH:
JILOOCM-}CHE CHs—«|C00C2H5 C,H;00¢ l(:Ha CzH;,OOC“ l(:H8 CH, ‘ Ic:ooczH5
1 cHOH—! lCH, t/ )»‘ —UCHa
NH NCH, ‘ NCH,

C2H500C“CH3

appears to be stable so that the method of mixed solu-
bilities might be used for a comparison of the bases, it
was found more convenient to resort to catalytic reduction
to the methane. By this method a substance with a true
melting point was obtained which was suitable for purposes
of identification. The method of Fischer and Ammann®
(p. 2324) was modified by the substitution of alcohol for
glacial acetic acid as a solvent, under which conditions no
green by-product was formed. Adams catalyst was used;
yield of the methane, 85%; m. p. 230°.

3,5,3%,5',3",5" - Hexamethyl - 4,4’,4” - tricarbethoxy-
tripyrrylmethane.—The method of Fischer and Heyse™
(p. 246) was used. Repeated recrystallizations from alco-
hol-water alternated with methanol increased the purity
of the compound. The substance sintered at 195° and
melted with decomposition at 220-225°.

Anal. Caled. for CypsH3zON;: C, 65.71;
Found: C, 65.70; H, 7.28.

Parallel Cleavage of Tripyrrylmethane and Aldehyde
Condensation.—0.197 g. of hexamethyltricarbethoxytri-
pyrrylmethane and 0.075 g. of 2,4-dimethyl-3-carbethoxy-
5-formylpyrrole were dissolved in 20 cc. of methanol.
Another solution was prepared by dissolving 0.15 g. of
the aldehyde and 0.13 g. of 2,4-dimethyl-3-carbethoxy-
pyrrole in the same amount of methanol. One cc. of
hydrobromic acid solution, prepared by adding 3 cc. of
saturated aqueous hydrobromic acid to 10 cc. of methanol,
was added to each solution. Almost simultaneously and
in less than ome winute precipitates of the methene were
formed in each tube. Filtration and washing with metha-
nol yielded 0.27 g. of the hydrobromide of Piloty’s methene
in each case.

2,4-Dimethyl-3-carbethoxy-5-formylpyrrole.—The mod-
ification of the Gattermann synthesis introduced by Adams?®
is advantageous in this preparation. Fifty grams of 2,4-

H, 7.29.

(9) Adams and Levine, THIS JOURNAL, 46, 2373 (1923);
and Montgomery, ibid., 46, 1518 (1924),

Adams

= CH3
Quant. | HBr HN< lCOOCH
215

CszOOC CH3 CHs————- COOC2H5

g ey ol gy

dimethyl-3-carbethoxypyrrole was dissolved in 500 cc. of
anhydrous ether. Seventy-five grams of zinc cyanide was
added, the mixture cooled to 10° and dry hydrogen chlo-
ride passed in rapidly until the solution was saturated
(about three hours). The solution was allowed to warm
to room temperature and to remain at this temperature
for at least three hours. The supernatant liquid should
be only slightly yellow colored. The imide hydrochloride
was filtered off and washed with dry ether. It was then
dissolved in 3.5 liters of cold water and filtered. Upon
heating to 40° the solution deposited 53-54 g. of crys-
talline aldehyde. This was recrystallized from ethanol;
m. p. 164°. Repeated recrystallizations raised the m. p.
to 167°.

1,2,4 - Trimethyl - 3 - carbethoxy - 5 - formylpyrrole.—
Twenty grams of 2,4-dimethyl-3-carbethoxy-5-formyl-
pyrrole was dissolved in 200 cc. of dry commercial benzene,
7 g. of sodium monoxide was added and the suspension re-
fluxed for one hour. Twelve cc. of freshly distilled di-
methyl sulfate was added dropwise with vigorous mechani-
cal stirring. The gelatinous mixture was refluxed for one
hour, the sodium sulfate filtered off and washed with ben-
zene and the filtrate allowed to stand overnight. About 3
g. of starting product crystallized out. The filtrate was
steam distilled and the residual oil cooled until it solidified,
filtered off and recrystallized from 80 cc. of methanol;
yield, first crop, 8.5 g.; m. p. 97°. The mother liquor was
cooled in dry ice and 6 g. of additional yield obtained.

Anal. Caled. for CuHi:O:N: C, 63.18; H, 7.23.
Found: C, 63.19; H, 7.28.

Condensations of 1,2,4-Trimethyl-3-carbethoxy-5-for-
mylpyrrole with 2,4-Dimethyl-3-carbethoxypyrrole.—First
experiment, 1:2 ratio: 1 g. of the N-methyl aldehyde and
1.65 g. of 2,4-dimethyl-3-carbethoxypyrrole were dissolved
in 100 cc. of warm hexane. After cooling to room tem-
perature dry hydrogen chloride gas was passed in for fifteen
seconds and the resulting methene hydrochloride filtered
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off and washed with a little hexane; yield, 1.90 g. or 100%;
identified by reduction to the methane, m. p. 230°. The
faintly yellow filtrate was evaporated on the steam-bath
to about 20 cc. Chilling in dry ice-ethanol mixture
yielded 0.6 g. of a nearly colorless crystalline solid, m. p.
57°. A mixed m. p. with 1,2 4-trimethyl-3-carbethoxy-
pyrrole, m. p. §7°, gave no depression.

Second experiment, 1:1 ratio: 1 g. of the N-methyl alde-
hyde and 0.8 g. of the pyrrole were dissolved in 100 cc. of
hexane and treated with dry hydrogen chloride for about
thirty seconds. The methene was filtered off after five
minutes and washed with hexane until the washings were
nearly colorless; 0.9 g. of Piloty methene salt was obtained
and identified by reduction to the methane. The filtrate
was chilled in dry ice-ethanol mixture and 0.6 g. of color-
less needles were obtained, m. p. 65-80°. This product
was recrystallized by dissolving in ether at room tempera-
ture and cooling in dry ice mixture; 0.3 g. of colorless
crystals was obtained, m. p. 94°, mixed m. p. with 1,2,-
4-trimethyl-3-carbethoxy-5-formylpyrrole, no depression.
By evaporation of the hexane filtrate from which the crude
N-methyl aldehyde had been removed a nearly colorless
residue was obtained. Recrystallization from 3-4 cc. of
hexane by chilling in dry ice yielded 0.1 g. of material,
m, p. 57°, mixed m. p. with 1,2,4-trimethyl-3-carbethoxy-
pyrrole, no depression.

1,2,4,2',4',2",4" - Heptamethyl - 3,3/,3” - tricarbethoxy-
tripyrrylmethane.—The preparation was analogous to that
of the hexamethyltricarbethoxytripyrrylmethane above.
A preliminary purification was obtained by dissolving the
product in chloroform and precipitating with petroleum
ether. Crystallization from methanol yielded 1.6 g. of
the methane and 0.3 g. additional was obtained from the
mother liquor. Three recrystallizations from ethanol-
water gave a colorless product, m. p. 177°.

Anal. Caled. for CpHzOeN3: C, 66.24;
Found: C, 66.25, 66.29; H, 7.44, 7.44.

Cleavage.—Two-tenths gram of the heptamethyltri-
carbethoxytripyrrylmethane was dissolved in 50 cc. of
hot methanol, cooled to 40°, and to it added 1 cc. of satu-
rated aqueous hydrobromic acid. Within one minute the
formation of a red precipitate was observed. This was
filtered off after five minutes and washed with methanol;
yield 0.16 g. or 95%. The product was identified by re-
duction to the methane, m. p. 230°.

. Condensations of 2,4-Dimethyl-3-carbethoxy -5 -formyl

Pyrrole with 1,2,4-Trimethyl-3-carbethoxypyrrole.—Five
grams of the aldehyde and 4.6 g. of the N-methylpyrrole
were dissolved in 150 cc. of hot methanol and 0.5 cc. of
saturated aqueous hydrobromic acid was added and the
mixture allowed to stand at 70°. The precipitate which
formed was reddish-purple even after washing with ether;
yield 4.05 g. of methene hydrobromide, melting with de-
composition at 213-215°. This was identified as Piloty
methene by catalytic reduction to the methane, m. p.
230°, mixed m. p. with an authentic sample, 230°. The
yield of methane from the discolored methene was iden-
tical with that from pure methene.

Parallel Test of Aldehyde with the N-Methylpyrrole and
Aldehyde without the N-Methylpyrrole.—To test the
possibility that the formation of Piloty’s methene might
be due to the cleavage of the aldehyde discovered by

H, 7.48.
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Fischer and Zerweck’® the course of the reaction of the al-
dehyde with and without the N-methylpyrrole was studied.
Formation of the methene in the presence of the N-methyl-
pyrrole takes place at a lower temperature than the cleav-
age of the aldehyde in the absence of the pyrrole. At
a higher temperature, where both reactions proceed, the
methene is formed more rapidly and in greater yield in the
presence of the N-methylpyrrole than in its absence. A
typical experiment follows.

Two-tenths gram of 2,4-dimethyl-3-carbethoxy-5-for-
mylpyrrole and 10 cc. of methanol were mixed in each of
two flasks. ~ To the first, 0.185 g. of 1,2,4-trimethyl-3-
carbethoxypyrrole was added. Both flasks were warmed
until all the aldehyde dissolved and then held at about
50°; 0.1 cc. of 489 hydrobromic acid was added to each.
The flask containing the N-methylpyrrole assumed a deep
red color immediately. After about ten minutes it began
to deposit colored crystals. A few minutes later the flask
containing the aldehyde alone started to deposit similar
crystals. After half an hour the crystals from both flasks
were filtered off and weighed. From the flask containing
aldehyde and pyrrole, 0.075 g. of the methene was obtained.
From the flask containing the aldehyde alone, 0.040 g. of
the methene was obtained.

Isolation of Tripyrrylmethane Intermediate in the Re-
action.—If the flask containing the mixed aldehyde and
N-methylpyrrole be cooled soon after the appearance of the
deep red color mentioned above, tripyrrylmethane can be
isolated as an intermediate. To favor this reaction, how-
ever, three mols of N-methylpyrrole was used to one mol
of the aldehyde: 1 g. of the aldehyde and 2.75 g. of the N-
methylpyrrole were dissolved in 35 cc. of hot methanol and
0.5 ce. of saturated aqueous hydrobromic acid added. The
solution instantly became intensely red and, upon chilling
in dry-ice and alcohol, deposited a large amount of a color-
less precipitate. Upon warming to room temperature this
deposit did not dissolve; yield, 2.5 g.; m. p. 146°. This
was identified as 2,4,1/,2,4',1”,2" 4"-octamethyl-3,3",3"-
tricarbethoxytripyrrylmethane by a mixed m. p. with
material made by the Feist fusion method given below.
The yield was thus 88%,. )

2,4,1',2',4’,1",2"4"” - Octamethyl - 3,3',3” - tricar-
bethoxytripyrrylmethane.—One gram of 2,4-dimethyl-3-
carbethoxy-5-formylpyrrole and 1.85 g. of 1,2,4-trimethyl-
3-carbethoxypyrrole were fused at a temperature not ex-
ceeding 150° with about 0.1 g. of potassium bisulfate as
a catalyst according to Feist’s method. The product was
purified by dissolving in methanol, adding ether and chilling
indry ice; yield, 1.5 g.; m. p. after several recrystallizations
from C;H;OH-H,0, 147-148°; mixed m. p. with substance
from hydrobromic acid condensation above, no depression.

Anal. Caled. for CyHuOsN;: C, 66.75; H, 7.66.
Found: C, 66.67; H, 7.61.

Cleavage.—One and forty-five-hundredths grams of the
di-N-methyltripyrrylmethane was dissolved in 25 cc. of
hot methanol and when cool this solution was diluted with
50 cc. of ether. Five-tenths cc. of saturated aqueous hy-
drobromic acid was added and the solution allowed to
stand at room temperature. A red coloration appeared
very slowly and after one hour purple needles began to be
deposited. After twenty hours these were filtered off and
washed with ether yielding 0.3 g. of red-purple needles.



1090

The material was identified as Piloty’s methene salt by
catalylic reduction to the methane, m. p. 230°. The yield
was therefore 539 ; mixed m. p. with 3,5,3/,5’-tetramethyl-
4,4'-dicarbethoxydipyrrylmethane, 230°. A parallel test
using 1 g. of aldehyde and 1.85 g. of N-methylpyrrole under
these conditions yielded 0.57 g. of methene or 529%.

Condensation of 1,2,4-Trimethyl-3-carbethoxy-5-for-
mylpyrrole with 1,2,4-Trimethyl-3-carbethoxypyrrole.—
‘When this condensation was carried out in acid media,
highly colored tars resulted from which no crystalline com-
pound could be isolated.

Summary
1. It has been demonstrated that tripyrryl-

ErvLis MILLER, J. C. MuncH, F. S. CrossLEY aND W. H. HARTUNG
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methanes can be and in two cases are interme-
diates in the formation of dipyrrylmethenes by
Piloty’s aldehyde synthesis.

2. As a result of the three possibilities for
cleavage of a tripyrrylmethane of this type, the
number of normally expected methenes from this
reaction must be increased from one to three.

3. Experiments have been performed in which
the substituent groups were so modified as to give
each of the three possibilities.

BALTIMORE, Mb. RECEIVED MARCH 4, 1936
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Thiobarbiturates.

II

By ErLis MILLER, JaMES C. MUNCH, FRANK S. CROSSLEY AND WALTER H. HARTUNG

In an earlier communication! it was pointed
out that in spite of the unfavorable indications
obtained with diethyl thiobarbituric acid,** the
sulfur analogs of the well-known barbituric acids
gave promise of therapeutic value and merited

a few thiobarbituric acid derivatives were de-
scribed in the literature, namely, the unsubsti-
tuted acid itself,%” 5-methyl,® 5-ethyl,®® 5-tri-
methylene,!® 5,5-diethyl,''2 and 5,5-dipropyl
thiobarbituric acids.™®

TABLE I
CO—NH
RO
5,5-DI1SUBSTITUTED THIOBARBITURIC ACIDS R/ /? (!IS
CO—NH
’ Empirical Nitrogen, %,

No. R =, R’ = M. p., °C, formula Found (Kjeldahl) Caled.
1 CH;CH,- CH;CH.- 174.5 CsH;,0,N,S 13.48 13.53 14.0
2 CH;3CH,- CH;CH,CH,- 174.5 CoH14,0,N,S 13.01 13.08
3 CHsCHg- (CHa)zCHCHr 170 5 CwHquNZS 12 . 4:2 12 48 12 . 28
4 CH;CH,CH,- (CH;),CH- 168.5 C10H160:N2S 12.19 12.30 12.28
5 CH;CH,CH,- CH,=CHCH,- © 138 C10H140:N,S 12.26 12.44 12.39
6 CH;CH,CH,- CH;3;CH,CH,CH;- 135.5 C1H;50.NS 11.20 10.92 11.57
7 CH;CH,CH,- (CH,;).CHCH,- 132 CuH50:N,S 11.50 11.43 11.57
8 CH,CH,CH,- CH;CH.CH- 165 C1H;30:N,S 11.30 11.57

b
9 CHSCHZCH?' CHa(CHg)4CH2- 114 . 4 CszzOgNzS 10 . 76 10 . 40

10 (CHj3),CH- CH,;=CHCH,- 176.5 C10H1:0.N,S 12.28 12.30 12.39

11 (CH;),CH- (CH;):CHCHS,- 115-117  CyiHs0:N.S 10.71 11.67

12 (CH;).CH- CH;(CH,);CHo,- 98.5 C12Hz00: NS 11.08 10.90 10.93

13 CHy=CHCH,- CH;(CH:).CH,- 120-121  CyuH0:N2S 11.87 11.90 11.66

\ 14 CH,=CHCH,- (CH;),CHCH,- 147 CiHi60:N2S 11.61 11.62 11.66

15 CH,=CHCH.- CH;(CHz;);CHo,- 112.5 C12H150,N,S 11.15 11.09 11.02

further "investigation. This is confirmed by a
subsequent report of Tabern and Volwiler,®
Prior to the publication of their paper, only

(1) Miller, Munch and Crossley, Science, 81, 615 (1935).

(2) Fischer and v. Mering, Therapie der Gegenwart, 101, 97 (1903).

(3) Fraenkel, ‘‘Die Arzneimittelsynthese,” 6th ed., 1927, p. 510.

(4) Ostwald, ‘“‘Chemische Konstitution und pharmakologischer
Wirkung,”” Gebriider Borntraeger, Berlin, 1924, p. 130.

(5) Tabern and Volwiler, TH1S JOURNAL, §7, 1961 (1935).

Twenty new thio analogs of known barbituric

(6) Johnson and Johns, ibid., 36,973 (1914).

(7) Dox and Plaisance, ibid., 38, 2156, 2164 (1916).

(8) Wheeler and Jamieson, Am. Chem. J ., 32, 352 (1904).

(9) Einhorn, Ann., 359, 171 (1908).

(10) Dox and Yoder, THIS JOURNAL, 43, 683 (1921).

(11) Fischer and Dilthey, Ann., 335, 350 (1904);
75, 11, 1381 (1904).

(12) German Patents 162,219, 171,292, 182,764, 234,012, 235,801.

(13) German Patents 182,764, 234,012, 235,801; ref. 9, p. 177.
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acid derivatives have been prepared in our labo-
ratories, Six of these (the ethyl isopropyl, ethyl
allyl, ethyl xn-butyl, ethyl isoamyl, ethyl phenyl
and allyl s-butyl thiobarbituric acids) are in-
cluded in the list given by Tabern and Volwiler,
and since their properties agree substantially with
those already described, they need not be re-
peated here.

The synthesis of these compounds follows a
single pattern, and one example will illustrate the
method.

Ethyl #-Propyl Thiobarbituric Acid.—In a 1-liter, 3-
necked round-bottomed flask, equipped with a mechanical
stirrer and reflux condenser, is placed 276 ml. of anhydrous
ethanol, and in it is dissolved 13.8 g. (0.6 mole) of metallic
sodium. 24 3 g. (0.32 mole) of thiourea is added, while
stirring. 'With continued stirring, 46 g. (0.2 mole) of ethyl
n-propyl malonic ester is added quickly. Stirring is con-
tinued and the mixture is gently heated to incipient re-
fluxing over a period of six to seven hours. After standing
overnight the reaction mixture is concentrated on a steam-
bath to about 150 ml. and diluted with 75 ml. of water.
Concentrated hydrochloric acid is now added until the
mixture is strongly acid to litmus paper, whereupon the
desired ethyl n-propyl thiobarbituric acid precipitates out.

THE MOLECULAR REARRANGEMENT OF SULFENANILIDES

1091

The crystals, after drying and recrystallizing from toluene,
melt at 174-174.5° (uncorr.).

By substituting an equimolar amount of the appropriate
malonic ester in the above reaction, other desired 5,5-di-
substituted thiobarbituric acids have been obtained. In
general the yield is somewhat higher than that obtained for
the oxygen analogs.

The thiobarbituric acid derivatives are listed in Table I.

The intermediate dialkyl malonic esters have all been
described in the literature. They were purchased where
possible, or synthesized by well-known procedures. Of the
esters synthesized, it may be said that in general the yields
are satisfactory, except when a second alkyl group is being
introduced into secondary-alkylmalonic ester.

: Summary

Twenty 5,5-disubstituted thiobarbituric acids
have been prepared and their chemical charac-
teristics determined. Of these, six have recently
been described by others. The method of prepa-
ration corresponds to that used for the oxygen
analogs, but the yields are generally somewhat
higher. A pharmacological study of these com-
pounds has been completed and will be presented
elsewhere.

GLENOLDEN, PENNA. RECEIVED MARCH 7, 1936

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, YALE UNIVERSITY]

The Molecular Rearrangement of Sulfenanilides.!

II1

By MAURICE L. MOORE? AND TREAT B. JOHNSON

In previous communications® from this Labo-
ratory, the authors have discussed the rearrange-
ment of certain aromatic sulfenanilide compounds
of Type I. They have shown that on heating
these alone or in the presence of an excess of the
corresponding amine, they undergo rearrangement
to p-aminophenyl sulfides II, whereas by diges-
tion in alcoholic sodium hydroxide solution they
give the corresponding o-mercaptodiphenylam-
ines III. We have now extended the study of
‘these molecular rearrangements to other. com-
pounds of similar structure, and in this paper
we shall discuss the results of some new experi-

(1) In our previous papers we have observed the nomenclature of
the earlier workers in related fields in naming these sulfur compounds,
but we have noticed that the abstractors for the Chemical Abstracts
prefer and have applied another nomenclature.
sistent and to maintain uniformity of spelling, in our Journals, we
are, therefore, now following their system, as indicated in the Ab-
stracts of our previous papers, and also in the last edition of “Organic
Syntheses,”” Vol. XV, 1935, p. 45.

(2) A.Homer Smith Research Fellow in Organic Chemistry, 1935—
1936.

(3) Moore and Johnson, TH1s JOURNAL, 87, 1517, 2234 (1935); see
also Science, 81, 643 (1935).

In order to be con- ,

ments in which we have accomplished molecular
rearrangements under the inﬂuence of heat.

D Os_Qm

i O
O\N/
H NO,

III

In addition to the compounds of Type I, pre-
viously studied by the authors, many others ex-
amined give the same type of change upon heating.
Thus, 2,4-nitrochlorobenzene-sulfenanilide, pre-
pared by the action of 2,4-nitrochlorobenzene-
sulfenyl chloride upon aniline, gave 2,4-nitro-
chlorophenyl-4’-aminophenyl sulfide when heated
at a temperature of 150-160° or when heated
with an excess of aniline at a temperature of 180—
190°, The corresponding o-toluidide underwent
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a, similar rearrangement, giving the isomeric p-
aminophenyl sulfide. 2-Nitrobenzene-sulfen-o-
chloroanilide and 4-nitrobenzene-sulfen-o-chloro-
anilide were prepared by the action of the nitro-
benzene-sulfenyl chloride on o-chloroaniline and
both have been rearranged successfully to the
corresponding sulfides by heating.

It is now quite apparent from our studies that
the -S-NH- linkage between aromatic nuclei is
very susceptible to a change of structure by appli-
cation of heat, forming aminophenyl sulfides II
and that the transformation involved is universal
to compounds of Type I. Substituents in either
benzene nucleus of the sulfenanilide I do not seem
to have any influence in affecting a successful
molecular rearrangement as long as there is at
least a para or an ortho position open in the aro-
matic nucleus. Rearrangement, however, to the
para position predominates. If this position is
occupied then an ortho substituted sulfide is
formed.

In the case of the methylene type of rearrange-
ment studied by Cohn and Fischer* it has been
shown that the anilide group in the molecule can
be displaced by another aromatic amine which
will then undergo rearrangement when digested
in an acid solution of the amine hydrochloride.
For example, when p-aminobenzyl-anilide IV is
digested on the steam-bath with a hydrochloric
acid solution of o-toluidine, diamino-phenyl-
tolyl-methane V is formed in excellent yield.
This displacement of amine and subsequent re-
arrangement is explained upon the basis of the
following intermediate reactions

Acid
3
hydrolysis

NH.C¢H,CH,OH + CH:NH,
v

NH.CeH,—CH,—NHCH;

NH.CH.CH,OH + NH,CsH,CH;(0) ﬂ
NH,CeH,CH,CsH3(CH;)NH,
v
In continuing the study of the rearrangement
of sulfenanilides I, it was our prediction that these
compounds would likewise suffer displacement of
the anilide group in the molecule with subsequent
rearrangement when heated in the presence of an
excess of certain amines. This assumption has
been confirmed. For example, when 2-nitro-
benzene-sulfenanilide I was heated at a tempera-
ture of 180-190° with an excess of o-toluidine, 2-
(4) Cohn and Fischer, Ber., 38, 2586 (1900).
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nitrophenyl-3’-methyl-4’-aminophenyl sulfide was
formed.  2-Nitrobenzene-sulfen-o-toluidide and
the corresponding p-toluidide also responded to
similar reactions when treated with different
aromatic amines. Aniline, o-toluidine and p-
toluidine are able to displace each other from the
respective sulfenanilide molecule.

Notwithstanding this similarity in chemical be-
havior of the two different types of compounds
when they interact with amines, it does not seem
plausible to explain our sulfenanilide reactions
upon the theoretical basis of the mechanism sug-
gested above and involving first an hydrolysis.
When compounds of Type I are heated in acid
solution the amine radical is removed and a di-
sulfide is formed smoothly. No rearrangement
takes place in an acidic, aqueous or alcoholic me-
dium. Heating with an amine alone leads to a
normal rearrangement forming a sulfide in good
yield. In an alkaline solution the sulfenanilide
I is unstable and undergoes a diphenylamine re-
arrangement I1I. These results seem to preclude
any initial hydrolysis of I taking place in the dis-
placement and subsequent rearrangement reac-
tion although there must be some dissociation of
the sulfenanilide molecule I before an intramo-
lecular change can take place.

We have also found that the amine, o-chloro-
aniline, will not displace the anilide group in sul-
fenanilide compounds I although a normal rear-
rangement does take place upon heating. Thus,
if 2-nitrobenzene-sulfenanilide I is heated at 180-
190° with an excess of o-chloroaniline rearrange-
ment takes place with formation of the sulfide II.
Under similar conditions the corresponding sul-
fen-o- and p-toluidides undergo a similar rear-
rangement without being displaced from the
molecule by the o-chloroaniline. It was found,
however, that the o-chloroanilide group, when
present in the sulfenanilide molecule, is easily dis-
placed by other amines. For example, 2-nitro-
benzene-sulfen-o-chloroanilide gave the sulfide 11
when heated at a temperature of 180-190° in the
presence of an excess of aniline. Similar trans-
formations were accomplished by heating the o-
chloroanilide with o- and p-toluidine. In all

“three cases the o-chloroaniline group was dis-

placed smoothly. These results indicate that the
reactivity of the aromatic amines used determines
whether there is a displacement of the group al-
ready present in the sulfenanilide molecule before
a rearrangement takes place.
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An attempt was made to prepare directly aro-
matic sulfide phenols VI by heating compounds of
the sulfenanilide type I with an excess of a phenol

<:N>C);NHC> + CH,OH =
I

NO,
SQOH + C:H,NH,

VI

but without success. The phenol served merely
as a solvent and the final result under such ex-
perimental conditions is a normal rearrangement
of the sulfenanilide I to its isomeric aminophenyl
sulfide II.

Experimental Part

2,4-Nitrochlorobenzene-sulfenanilide.—The 2,4-nitro-
chlorobenzene-sulfenyl chloride used here was prepared by
allowing chlorine gas to react with di-(2,4-nitrochloro-
phenyl) disulfide® according to the method of Zincke.®
2,4-Nitrochlorobenzene-sulfenyl chloride (25 g.) dissolved
in anhydrous ether (500 ml.) was allowed to react with
aniline (23 g.) dissolved in ether (50 ml.). The aniline
solution was added slowly through a reflux condenser to
the 2,4-nitrochlorobenzene-sulfenyl chloride solution. A
precipitate of aniline hydrochloride immediately formed
and sufficient heat was evolved to boil the ether. After
standing for one hour the aniline hydrochloride was then
removed by filtration and the ether expelled by distilla-
tion when the sulfenanilide crystallized as an orange-yellow
solid; yield 33 g. It crystallized from alcohol, m. p. 102°
and was soluble in the ordinary organic solvents but in-
soluble in dilute hydrochloric acid.

Anal. Caled. for CpHO,N,SCl: N, 9.98; S, 11.41; Cl,
12.66. Found: N, 9.82, 9.97; §, 11.15, 11.25; Cl, 12.46,
12.63.

2,4-Nitrochlorobenzene-sulfen-o-toluidide.—From 2,4-
nitrochlorobenzene-sulfenyl chloride (25 g.) and o-toluidine
(24 g.); yield 28 g. It crystallized from alcohol as bright
glistening orange-red platelets; m. p. 127°.

Amnal. Caled. for C;3HiO:N,SCl: N, 9.51; S, 10.87; Cl,
12.06. Found: N, 9.54, 9.67; S, 10.47, 10.70; Cl, 12.02,
12.14.

2-Nitrobenzene-sulfen-o-chloroanilide.—From 2-nitro-
benzene-sulfenyl chloride (25 g.) as previously prepared’
and o-chloroaniline (32 g.). This reaction proceeded
much slower than expected and the o-chloroaniline hydro-
chloride did not settle out completely until after the ether
solution had stood for at least two hours; yield 33 g. It
crystallized from alcohol in bright yellow crystals melting
at 130°, The compound is only slightly soluble in alcohol
but is easily soluble in the ordinary organic solvents.

(5) This compound was prepared by the procedure given for 0,0’-
dinitrodiphenyl disulfide as described by Bogert and Stull, *“Organic
Syntheses,”” ’John Wiley & Sons, Inc.,, New York, 1928, Vol. VIII,
p. 64. ‘

(6) Zincke, Ann., 416, 111 (1918).

(7) Moore and Johnson, THiS JOURNAL, §7, 1517 (1935).

THE MOLECULAR REARRANGEMENT OF SULFENANILIDES

1093

Amal. Caled. for CiH,O,N,SCI: N, 9.98; S, 11.41; Cl,
12.66. Found: N, 10.11, 10.14; S, 11.62, 11.48; Cl, 12.95,
12.80.

4-Nitrobenzene-sulfen-o-chloroanilide.—#,p’ - Dinitrodi-
phenyl disulfide? (25 g.) was suspended in ice-cold anhy-
drous chloroform (250 ml.) and treated with chlorine gas
until all the solid was dissolved. The excess of chlorine .
gas was then removed by distillation of the chloroform
under reduced pressure to a volume of 150 ml. and then
made up to a volume of 400 ml. with anhydrous ether.
This solution of 2-nitrobenzene-sulfenyl chloride was sub-
sequently treated with o-chloroaniline (32 g.) dissolved in
ether (100 ml.) when the sulfenanilide above was obtained
in a yield of 23 g. of crude material. This was contami-
nated with 4,4’-dinitrodiphenyl disulfide and after final
purification by washing with ether the yield was reduced to
8 g. This was recrystallized from alcohol, m. p. 99-101°.
It is immediately converted to 4,4’-dinitrodiphenyl di-
sulfide by treatment with dilute hydrochloric acid.

Anal. Caled. for CsHyO:N.SCl: N, 9.98; S, 11.41; CI,
12.66. Found: N, 9.84, 10.06; S, 11.20, 11.31; Cl, 12.51,
12.40.

Rearrangements by Heating. 2,4-Nitrochlorophenyl-
4’-aminophenyl Sulfide.—From 2,4-nitrochlorobenzene
sulfenanilide (10 g.) when heated for six hours at 150-160°,
according to our previous procedure.® Recrystallization
from alcohol gave a product crystallizing as bright, glisten-
ing yellow plates, m. p. 127-129°. The sulfide was easily
soluble in the ordinary organic solvents, and the hydro-
chloride was difficultly soluble in water. The hydro-
chloride was obtained in crystalline form by dissolving the
free base in ether solution and slowly adding concentrated
hydrochloric acid, m. p. 215-225°.

Anal. Caled. for CisHgO:NoSCl1: N, 9.98; S, 11.41; Cl,
12.66. Found: N, 9.96, 9.89; S, 11.30, 11.14; CI, 12.90,
12.79.

The sulfide was obtained with better results by heal‘ng
the sulfenanilide (10 g.) with an excess of aniline (20 ml.)
at 180-190° for six hours. The mixture was worked up
according to the previous procedure and 5 g. of material
obtained. It was purified by crystallizing from alcohol
after decolorizing with norite, m. p. 129°.

(8) This compound was prepared by the procedure given for
0,0’-dinitrodiphenyl disulfide! as used by Foss, Dunning and Jenkins
[TH1s JoUurNAL, 66, 1978 (1934)]. The results of this procedure are
very unsatisfactory due to the formation of many by-products during
the reaction. Fromm and Wittmann [Ber., 41, 2264 (1908)] have
studied the conditions of this reaction in some detail. They have
reported the isolation of 4,4’-dinitrodiphenyl sulfide, m. p. 154°,
4,4'-nitroaminodiphenyl sulfide, m. p. 142°, and the dinitropheny!
ether of azophenyl-p-dimercaptan, m. p. 164°, as well as the desired
compound, 4,4’-dinitrodiphenyl disulfide, m. p. 181°, The Russian
workers Voraghtzow and Krihov [J. Gen. Chem. (U. S. S. R.), 2939
(1932)] have isolated and identified two isomers of the disulfide pres-
ent in the mixture, 7. e., (NO2C¢H4)2S:S, m. p. 134° and the sym-
metrical compound, m. p. 181°, In our results following the above
procedure we have isolated all of the above substances in varying
quantities but have found the largest quantity present to be the di-
nitrodiphenyl sulfide. We have separated 60-75 g. of the desired
disulfide, m. p. 181°, from 200 g. of the reaction product (m. p. 120-
130°) by treatment with boiling benzene, All of the above materials
will dissolve in the benzene except the symmetrical disulfide. This is
obtained in fair purity, m. p. 172-179°, in this one step but the yield
is relatively low. Further separation of the desired material from
the soluble mixture involves considerable time and effort.
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TABLE I

In these first eight experiments it is shown that the excess of amine present could displace the anilide group in the
sulfenanilide molecule followed by rearrangement to give an ‘‘aminophenyl sulfide” when heated at 180-190°. In
experiments 9, 10 and 11 it is shown that o-chloroaniline is not able to displace the anilide group in the sulfenanilide
but that a normal rearrangement takes place without the o-chloroaniline taking part in the change.

Sulfenanilide Amine Sulfide M.p., °C. Yield, %
1 2-Nitrobenzene-sulfenanilide$ o-Toluidine 2-Nitrophenyl-3’-methyl-4’- 101-103 60
2 2-Nitrobenzene-sulfenanilide p-Toluidine 2-Nitrophenyl-5/-methyl-2’- 105-107 55
3 2-Nitrobenzene-sulfen-o-toluidide Aniline 2-Nitrophenyl-3’- 103-105 65
4 2-Nitrobenzene-sulfen-o-toluidide p-Toluidine 2-Nitrophenyl-5’-methyl-2’- 105-107 60
5 2-Nitrobenzene-sulfen-p-toluidide Aniline 2-Nitrophenyl-4’- 103-105 70
6 2-Nitroberizene-sulfen-p-toluidide o0-Toluidine 2-Nitrophenyl-3’-methyl-4’- 101-103 60
7 2-Nitrobenzene-sulfen-o-chloroanilide o-Toluidine 2-Nitrophenyl-3’-methyl-4’- 101-103 40
8 2-Nitrobenzene-sulfen-o-chloroanilide p-Toluidine 2-Nitrophenyl-5’-methyl-2’- 105-107 35
9 2-Nitrobenzene-sulfenanilide 0-Chloroaniline 2-Nitrophenyl-4/- 105-106 70
10 2-Nitrobenzene-sulfen-o-toluidide o-Chloroaniline 2-Nitrophenyl-3’-methyl-4’- 101-103 70
11 2-Nitrobenzene-sulfen-p-toluidide o-Chloroaniline 2-Nitrophenyl-5’-methyl-2’- 105-107 60

2,4 - Nitrochlorophenyl - 3’ - methyl -4’-aminophenyl Sul-
fide.—From 2,4-nitrochlorobenzene-sulfen-o-toluidide (10
g.) when heated with o-toluidine (15 ml.) in a yield of 6 g.
Purification from alcohol after digesting with norite gave
bright yellow prisms, m. p. 118-115°. A portion of the
aminophenyl sulfide readily dissolved in ether and upon the
addition of concentrated hydrochloric acid, gave a colorless
precipitate of the hydrochloride, m. p. 216-220°.

Anal. Caled. for C;3H330,N.SCl: N, 9.51; S, 10.87; Cl,
12.06. Found: N, 9.41, 9.36; S, 10.94, 10.80; Cl, 12.06,
12.20.

4-Nitrophenyl-3’-chloro-4’-aminophenyl Sulfide.—From
the 4-nitrobenzene-sulfen-o-chloroanilide (m. p. 99-101°)
when heated with boiling o-chloroaniline. The material
was purified by dissolving in a mixture of ether-petroleum
ether, boiling with norite and slowly evaporating. Yellow
crystals were obtained, m. p. 127-129°. The free base was
readily soluble in ether and gave a colorless crystalline
hydrochloride.

Anal. Caled. for CisHgO:N,SCl: N, 9.98. Found: N,
10.87, 10.11.

Rearrangement of Sulfenanilides by Heating in the
Presence of an Excess of Aromatic Amines.—Our general
procedure was to place 5 g. of the sulfenanilide in 10 ml.
of the aromatic amine and heat on an oil-bath at a tem-
perature of 180-190° for four hours. The reaction fluid
was then poutred into dilute hydrochloric acid solution
with vigorous stirring and cooled in an ice-bath. The solid
hydrochloride of the rearrangement product was filtered
off and dissolved in alcohol. This solution was then neu-
tralized with 5% sodium hydroxide solution, decolorized
by boiling ‘several times with norite, and the free amino-
pheny! sulfide separated by crystallization after cooling in
an ice-bath. The reaction product in each case was iden-

tified by mixed melting points with the known amino sul-
fides. The results are tabulated in Table I.

Reaction in Acidic Alcoholic Solution.—2-Nitrobenzene-
sulfenanilide I (5 g.) was dissolved in alcohol (25 ml.) and
gently reflixed after concentrated hydrochloric acid (3
ml.) was added. ' If the refluxing was discontinued at the
end of fifteen minutes the sulfenanilide was recovered
whereas if the refluxing was continued for some time,
0,0’-dinitrodiphenyl disulfide began to be formed and at the
end of about two hours all the sulfenanilide had been con-
verted into the insoluble disulfide, m. p. 193-195°.

Summary

1. A study of the rearrangement of the sulfen-
anilide type of compounds to their isomeric amino-
phenyl sulfides has been continued, and several
new applications have been made of the rear-
rangement.

2. These rearrangements are influenced by the
presetice of other aromatic amines. The anilide
group is replaceable when the sulfenanilide is
warmed with another amine giving the corre-
sponding aminophenyl sulfide.

3. The amine, o-chloroaniline, fails to respond
in this replacement reaction. On the other hand
its rearrangement is possible when it occurs in
sulfenanilide combinatious.

4. All sulfenanilides are decomposed by action
of acids with formation of organic disulfides and
an amine. ‘

New HAVEN, ConNN. RECEIVED MARCH 20, 1936
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[CONTRIBUTION FROM THE SCHOOL OF CHEMISTRY OF THE INSTITUTE OF TECHNOLOGY OF THE UNIVERSITY OF MINNESOTA]

The Effect of Oxygen on the Reaction between Bromine and Butadiene

By G. B. Heisi¢c AND H. M. Davis

That oxygen influences the rate of the addition
of bromine to unsaturated hydrocarbons was
shown by the work of H. S. Davis! on the deter-
mination of acetylenes by titration with bromine.
Schultze? also showed the disturbing influence of
oxygen in the titration of cyclopentadiene with
bromine. More recently, Bauer and Daniels? re-
ported that the rate of the reaction between solu-
tions of bromine and cinnamic acid in carbon
tetrachloride was rapid, even in the dark, in the
absence of oxygen, but slow in its presence. These
observations, together with the remarkable effects
produced by the presence of oxygen and peroxides
noted by Kharasch and his collaborators,* serve
to emphasize the importance of the presence of
oxygen on the rates of reactions. That this effect
may not be general is suggested in the note of
Deanesly,’ which states that oxygen fails to pro-
duce any inhibitory effect on the addition of
chlorine to olefinic hydrocarbons such as beta-
butylene, although he admits that the reaction
may be so fast that a retardation by oxygen may
be difficult to detect. ' Since there were no quan-
titative data available to show whether oxygen
affects the rate of addition of a halogen to an un-
saturated hydrocarbon in the gas phase, it seemed
desirable to investigate the problem. The reac-
tion between gaseous bromine and butadiene in
the presence of nitrogen containing about 0.3%,
of oxygen, studied by Heisig and Wilson,® was
chosen for the investigation. The reaction be-
tween equal numbers of molecules of bromine and
butadiene is bimolecular and occurs largely on the
surface of the reaction vessel. The product is
1,4-dibromobutene. This study is of more than
usual interest since it involves the effect of oxy-
gen on the addition of bromine to a conjugated
system.

The apparatus used in the previous investiga-
tion was altered to permit the preparation of gase-
ous reaction mixtures with increased oxygen con-
tent or with oxygen completely absent. In the

(1) H.S. Davis, et al., Ind. Eng. Chem., Anal. Ed., 3,108 (1931).

(2) Schultze, Ta1s JOURNAL, 56, 1552-56 (1934).

(3) Bauer and Daniels, ibid., 56, 2014 (1934).

(4) Kharasch and Potts, ibid., 58, 57 (1936).
lished article.

(5) Deanesly, ibid., 56, 2501 (1934).

(6) Heisig and Wilson, ibid., §7, 859-63 (1935).

This is the last pub-

first runs of the present study, the oxygen content
of the reaction mixtures was increased from a
partial pressure of 2 mm. of mercury to 375 mm.
by using purified, dry, tank oxygen instead of ni-
trogen as the diluting gas employed to bring the
initial pressure in the reaction sphere up to that
of the atmosphere. The product under these
conditions had a melting point of 46—47° instead
of the 51-52° found for the product obtained from
mixtures containing 0.3%, of oxygen or from mix-
tures from which oxygen was excluded. Also,
the rate of the reaction was somewhat slower than
that observed when the partial pressure of the
oxygen was 0.3%, as can be seen in Tables I and
II.
TaBLE I

TvpicAL RUNS. REACTION BETWEEN BROMINE AND Bu-
TADIENE WITH VARIOUS CONCENTRATIONS OF OXYGEN

Press. Osmm....375 2 Trace Small trace 0
Run............. 8 11 12 1

Min Sec. Pressure drop of alpha-bromonaphthalene, mm.

0 5 1.8 3.5 3.5 7.8 12.0

10 3.5 6.2 6.2 11.4 15.0

20 6.6 9.9 11.0 14.6 18.0

30 9.3 12.4 14.5 16.7 19.8

40 11.4 14.3 16.8 18.1 20.9

50 12.9 15.8 18.5 18.8 21.6

1 0 142 17.1 19.8 19.4 22.1

1 30 16.8 20.1 22.5 20.6 22.8

2 18.6 21.9 24.3 21.4 23.3

2 30 19.8 23.1 25.6 21.9 23.5

3 20.8 24.0 26.5 22.2 23.7

4 21.9 25.2 27.6 22.6 23.9

5 22.9 259 28.2 22,8 24.5

7 24.1 26.8 29.0 22,9 24.6

10 25.0 27.3 29.7 23.3 24.7

15 26.0 279 30.1 23.6 25.0

20 26.2 28.3 30.3 23.9 25.3

30 27 28.6 30.8 24.4 25.7

© 28.7 29.6 31.5 25.3 27.0

The apparatus was then modified so that the
tank nitrogen was passed over hot, freshly re-
duced copper gauze. All parts of the apparatus
were evacuated and then thoroughly flushed with
the oxygen-free nitrogen. When nitrogen so
treated was the only diluent used, the reaction
rate was greater than that obtained when (un-
treated) tank nitrogen was the diluent. More-
over, the rate increased with subsequent runs, a3
would be expected with the progressive removal
of the last traces of oxygen from the purifying
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TasLe II
CoMPARISON OF THE CURVES. TypicaL DATa
Slope when reaction is 80% completed Slope when reaction is 67% completed
Total —AP, Altoini- —APof Atsince start —A At since start

Po, exptl.,, tialreading, slope, of reactn., Slope of of slope, of reactn., Slope of
Run mm.% mm.b sec. mm.b sec. tangt. mm.b sec. tangt.
8 375 28.7 25 17.2 120 17°55' 9.7 57 48° 5’
10 2 29.6 30 18.3 101 27° 8’ 10.8 53 52°46'
11 0 (trace) 31.5 25 20.2 88 27°38' 12.7 49 59°59/
12 0 (small trace) 25.3 20 14.0 38 53°17/ 6.5 24 80°30’
13 0 27.0 20 15.7 32 60°28’ 8.2 22 84°12/

“ Pressure given in mm. of mercury.

train. The product had the same appearance
and melting point as that obtained when tank ni-
trogen (0.39%, oxygen) was used.

The reaction was fast in all cases; in fact,
somewhat more than half of the reaction took
place in the twenty to thirty seconds required to
mix the gases before the first reading could be
made. The vapor pressure of the product is
about 13 mm. of alpha-bromonaphthalene. When
the first reading is made the gases in the reaction
sphere are already saturated with product and a
sufficient amount has been formed to cover the
surface with a monomolecular layer.

It will be noted in Table II that the total ob-
served pressure drop is somewhat smaller in the
runs in which no oxygen was present, although
the time required to make the first reading is less.
This is in agreement with the other evidence that
the reaction is faster in the absence of oxygen,
since it indicates that a greater part of the reac-
tion occurs before the first reading can be taken.

For ready comparison of the rates of the reac-
tions, a curve for each experiment was prepared
by plotting observed pressure drop against time.
The slopes of the tangents to the curves when 809,
of the calculated pressure drop has occurred, in-
crease as the proportion of oxygen in the mix-
ture decreases, as can be seen from column 7
in Table II. The greater the angle, the more
rapidly is the reaction taking place. Thisisnota
fortuitous coincidence, for the slopes determined
when 66.79%, of the reaction is completed increase
in the same order. Furthermore, the time re-
quired for 80 and 66.7%, of the reaction to take
place decreases with the amount of oxygen pres-
ent, as can be seen in columns 6 and 9 of Table I1.

Since the rate of the reaction is sensitive to a
small concentration of oxygen, and since the
earlier work showed that the reaction occurred
largely on the surface, a reasonable mechanism is
that chains are initiated at the wall of the reac-
tion vessel, and are broken by the oxygen. The

b Pressure given in mm. of alpha-bromonaphthalene.

data however do not exclude a mechanism in
which the reaction occurs wholly on the surface
and the rate of the reaction is decreased because
of the occupation of the “‘active spots’’ on the sur-
face by oxygen.

Experimental.—The apparatus was that de-
scribed by Heisig and Wilson.® It was modified
by the introduction of an electrically heated roll
of copper screen to remove the 0.3%, of oxygen in
the tank nitrogen before it passed into the purify-
ing and drying train. Before each rum, the hot
copper gauze was subjected to a long treatment
with a stream of hydrogen under a pressure of one
atmosphere, thus ensuring an active surface. A
connection was also provided to permit purified
oxygen to be mixed with the butadiene used in the
experiment. This was a metal-to-glass connec-
tion. The oxygen was scrubbed by passage
through three double wash bottles filled with a
40% solution of potassium hydroxide, and was
dried by passage through calcium chloride and
then through resublimed phosphorus pentoxide.
The butadiene and bromine were portions of prep-
arations of these substances used in the previous
investigation. The reaction vessel had a volume
of 53.8 cc. The slopes of the tangents to the
curves were determined by a variation of the
method described by Lipka.”

A grant was received from the Research Funds
of the Graduate School to aid in carrying out this
work.

Summary

The reaction between equimolar mixtures of
bromine and butadiene has been studied in the
presence of a partial pressure of oxygen at 375
mm., 2 mm. (Hg), and in the absence of oxygen,
the total pressure of the reaction mixture being
equal to that of the atmosphere.

The rate of the reaction as measured by the

(7) Joseph Lipka, ‘“‘Graphical and Mechanical Computation,”
John Wiley and Sons, Inc., New York (ce. 1919): Part II, Article
110, page 255.
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slopes of the tangents to the curves (of pressure-
drop against time) when 80 and 679, of the gases
have reacted, increases with the decrease of oxy-
gen in the mixture. The increase in the rate is
especially noticeable when the partial pressure of
oxygen is well below 2 mm.
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The sensitivity of the rate of the reaction to
small amounts of oxygen, together with the evi-
dence that the reaction occurs largely at the sur-
face, suggests a chain mechanism with short
chains initiated at the surface.
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[CoNTRIBUTION FROM THE UNIVERSITY OF TEXAS]

Organic Nitrogen Bases from Pyrolysis of Cottonseed Meal*

By Ivy PARKER, C. L. GurzElT, A. C. BRATTON AND J. R. BAILEY

Introduction

Research on the bases in petroleum distillates?
has shown a preponderance of non-aromatic types,
not previously obtained from any other natural
source. On the assumption that petroleum is of
vegetable or animal origin, it may be assumed that
carbohydrates and fats, as well as proteins, con-
tributed to the formation of nitrogen compounds;
in any event an explanation of the genesis of non-
aromatic petroleum bases, among which are prob-
ably compounds of cyclopentane structure, might
have an important bearing on the origin of petro-
leum itself.

In an attempt to determine whether similar -

non-aromatic bases would result from pyrolysis
of a material containing proteins, carbohydrates
and fats, the present investigation was under-
taken. The Union Oil Company of California
contributed 337 pounds of crude bases obtained
from the distillation of 23 tons of cottonseed meal
with nitrogen-free lubricating oil as a liquid me-
dium, through which low temperature pyrolysis
could be controlled.?

Previous work by other investigators on bases
formed in protein pyrolysis are of little interest as
concerns the present investigation, because in
these studies pure proteins were employed.?

(1) In part from dissertations submitted by Ivy May Parker and
C. L. Gutzeit to the Facuity of the Graduate School of the Univer-
sity of Texas in partial fulfilment of the requiremwents for the degree
of Doctor of Philosophy, June, 1935.

(2) (a) E. J. Poth, W. D. Armstrong, C. C. Cogburn and J. R.
Bailey, Ind. Eng. Chem., 20, 83 (1928); (b) E. J. Poth, W. A. Schulze,
W. A. King, W. C. Thompson, W. W. Floyd and J. R. Bailey, Ta1s
JournaL, 62, 1239 (1930); (c) W. C. Thompson and J. R. Bailey,
ibid., 63, 1002 (1931); (d) B. F. Armendt and J. R. Bailey, ibid.,
55, 4145 (1933); (e) G. R. Lake and J. R. Bailey, ibid., 55, 4143
(1933); (f) T.S. Perrin and J. R. Bailey, ibid., 55, 4136 (1933); (g)
B. S. Biggsand J. R. Bailey, ibid., 8E, 4141 (1933); (h) R. W. Lackey
and J. R. Bailey, ibid., 66, 2741 (1934).

(2a) The preliminary work in this connection was carried out in the
Texas Laboratory by Ivy Parker.

(3) Pictet and Cramer, Helv. Chim. Acta, 2, 188 (1919); T. B.
Johnson and Daschavsky, J. Biol. Chem., 62, 197 (1924).

The complexity of the cottonseed meal bases is
comparable with that of petroleum bases. An
unexpected difference is that, unlike bases from
other important natural products, those from pro-
tein material are at least 509, petroleum ether in-
soluble and, besides, the higher boiling fractions
have a much greater nitrogen content than can
be accounted for on the assumption of a single
nitrogen in the molecule. Furthermore, there is
no evidence of naphthenic structure, such as is
highly probable for certain petroleum bases. From
the lower boiling fractions there have been isolated
pyridine, and a number of its homologs, identical
with products from coal, shale or bones.

The coal tar bases, quinoline, isoquinoline,
quinaldine and lepidine, along with the kero
base, 2,3,8-trimethylquinoline® (p. 1245), have
been found. A beautifully crystallizing diazine,
CiHuN,, of undetermined structure is probably a
dihydroquinazoline, as indicated by its ampho-
teric character.

Upon vacuum distillation of the high boiling
protein bases in an atmosphere of nitrogen, color-
less distillates are obtained which, unlike corre--
sponding petroleum base cuts, soon darken and
precipitate tar. This instability renders difficult
the isolation of individual products. So far the
petroleum ether insoluble bases have been only
superficially studied.

In the boiling range of 135 to 172° a total of
876 cc. (14 fractions) of petroleum ether soluble
material was available with d%, values between
0.9418 and 0.9652 and #?Dp values between 1.4947
and 1.4992. These physical constants clearly in-
dicate a preponderance of pyridines. From the
high nitrogen content of these fractions pyrazines
and pyrimidines were suspected but a search for
diazines was fruitless. The comparatively small
volume of material in this range can be attributed
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Fig. 1.—Distillation of cottonseed meal.
to the fact that no attempt was made at the Union processing the cottonseed meal bases. In this

Oil Compauny plant to isolate water soluble bases.

In the 172 to 215° range 2468 cc. of material
(17 fractions) was available.” Here there exists
a progressive exaltation of the d%, values from
0.9514 to 1.0189 and of the #%p values from 1.5010
to 1.5375. These constants, taken with an ab-
normally high nitrogen content, exclude the
presence in quantity of pyridines, as well as quino-
lines.
* The results of this investigation should not be
accepted as proof that so-called petroleum bases
are not of vegetable or animal origin. From the
assumption that the complex nitrogen compounds
in crude oil came from protein material, it does
not follow that a high temperature was involved
in their formation; it is more probable that they
resulted from bacteriological decay at ordinary
temperature;* at least, so far as California pe-
troleum is concerned, the nitrogen does not exist
in preformed bdasic compounds beyond a negli-
gible amount and, therefore, the bases first en-
countered in distillates, are products of pyroly-
SiS.5’2a’b

A recentiy developed practical method of. in-
direct micro distillation, termed Amplified Dis-
tillation,® has proved of indispensable service in

(4) Cf. McKensie Taylor, J. Inst. Petr. Tech., 14, 825 (1928);
B. T'. Brooks, ¢bid., 20, 177 (1934).

(5) D. T. Day, “Handbook of the Petroleum Industry,” Vol. I,
1922, p. 530.

(6) A. C. Bratton, W. A. Felsing and J. R. Bailey, Ind. Eng. Chem.,
28, 424 (1936).

process, which is even more effective than straight
distillation, a fraction of bases is added to petro-
leum hydrocarbon oil boiling evenly over a some-
what broader range than the bases. After frac-
tional distillation, the bases are withdrawn from
the hydrocarbon fractions with sulfurous acid
and then precipitated in the form of picrates or
other suitable salts. In this way the compo-
nents of a complex mixture, even where the total
volume is only a fraction of a cubic centimeter,
can be segregated in the order of their boiling
points.

Another general method employed in resolving
mixtures of protein bases, termed Cumulative Ex-
traction,” depeuds on the relative distribution
ratio of base hydrochlorides between chloroform
and water. This process enables a very satisfac-
tory separation into aromatic and non-aromatic
types. :

The improved laboratory technique now avail-
able in this line of research, coupled with the ad-
vances made in our knowledge of the types and
properties of the bases to be expected, should at-

tract ‘l'he P R PN ook oad + +1

attention of other. iixvcoti;’abors LG Ui
study of protein pyrolysis, especially the bio-
chemist, whose interest in this practically unex-
plored domain of organic chemistry need not be
emphasized.

To chemists who may become interested in

protein pyrolysis as an attractive field for re-
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20,680 kg. cottonseed meal (6.45% N, 6. 4% oil) + 15,140 L. lubricating oil (0.023% N). Dis-
tilled to red heat

18.440 liters Iof distillate

| |

4614 liters, Hz(l) layer discarded 13,030 liters, oil layer (11,790 kg.). Ex- 795 liters of tar layer (816.4 kg). BEx-
tracted with four 159 4-liter (total 6511 tracted with 1107 kg. of 16% H2SOs in four

liters) portions 16.9% H2SO04 portions. Extract neutralized with 224.5

kg. 44.4% NaOH
|

6057 liters of aclid extract. Neutralized to 318 liters of sludge, discarded 140.6 kg. crude bases containing 29.0% H:O
slight alkalinity with 1950 kg. 44.4% NaOH and 10.9% N. Sp. gr. 15.6/15.6 = 1.117.

Solubility in petroleum ether (sp. gr. 15.6/
15.6 = 0.651) 0.6 cc./100 cc.

283.5 kg. of crude bases containing 12. 5%

HzO and 10.3% N. Sp..gr. 15.6/15.6 Distilled at 50 mm. pressure through a 2.75
1.102. Solubility in petroleum ether (sp. gr. | meter packed column
15.6/15.6) 13 cc./100 cc. |
| | ! | |
48.5 kg. H20 Fraction T-I. Fraction T-II. Fraction T-III. Bottoms 34.0 kg.
discarded Up to 177° (at 177-200° (at 50 200-230° (at 50 discarded
50 mm.) 15.4 mm.) 11.8 kg. mm.) 15.4 kg.
kg. 129, soluble 4.5%, soluble in 3.9% soluble in
iuhpetroleum petroleum ether = petroleum ether
ether

I | | | |
89.8 kg. H:0 discarded Fraction O-1. Up to Fraction O-II. Fraction O-III. Bottoms 60.8 kg.
160° (at 50 mm.) 37.2 160-214° (at 50 214-239° (at 50 discarded
kg. 98% soluble in pe- mm.) 36.38 kg. mm.) 27.7 kg.

troleum ether 79% soluble in  18%, soluble in
petroleum ether petroleum ether
Fig. 2.
Fracfion 0O-1 Fraction O-I1 Fraction O-111
Dissolved in slight excess of (37 liters) 6 N HCl Extracted with gasoline Extracted with gasoline
| | |
| | | | | |
Acid soln. extracted with Acid insoluble, 2 liters Soluble, 21 liters Insoluble, 10 liters Soluble, 4 liters Insoluble, 23 liters
23 liters of CHCls. -Each | I :
layer washed with 8 li- |
ters other solvent 25 liters dissolved in 6 N HCI
|
| | |

Aromatilc, 14.5 liters (H:0 layer) Non-aromatic, 14 liters (CHClz Acid soln. extracted with 16 liters Acid insoluble, 1 liter

layer); b. p. 174-235°, n3¥p of CHCls. Eachlayer washed with
12.5 liters distilled at 75 mm. Re- | 1.5068-1.5210 8 liters other solvent
covery, 6880 cc. or 55.0%. 16.5% |
boiled at 123—-174°. Total b. p. i I
range 123-239°. 2%p 1.4933- Aromatic, 10.5 1. (H20 layer) Non-aromatic, 11 liters (CHCls
1.5768. O-I-A layer)

| |

Alkaline slops from recovery of O-III and III-A

bases neutralized with HsSOxs. I 6.5 liters

Phenolic and inert material ex- 9 5 (jters distilled ylelded 1575 cc.

tracted with ether of distillates, or 63%, . p. 211-288°,

3p 1. 5176—1 5762

14.7 g. CuHu4N: picrate 1260 cc.—Combine
) Extracted Witbi petroleum ether

| : [
2.7 1. soluble, of which 1200 g. 4.13 liters insoluble
yielded 14 g. CuHuN: picrate

1375 cc. distilled yielded 164 cc., b. p. 230-250°, which yielded quino-
line picrate, 1soqumolu1e plcrate, and qumaldme phthalone. 27 cc.,
b. p. 256-266°, after amplified distillation, yielded lepidine picrate
and 2,3,8- tnmethquumolme picrate

Fig. 3.

search, it may be emphasized that the cost of (272 kg.) of meal processed in the usual way
neither material nor equipment is prohibitive. yielded a total of 5.5 liters of crude bases.

In our preliminary investigation, an insulated One of the most important considerations, es-
iron still 3 feet (94 cm.) in height, 2 feet (61 cm.) pecially where the distillation is carried out in the
in diameter and provided with a stirrer was used. laboratory, is the obnoxious mercaptan odor de-
For each of the six runs made, the charge consisted  veloped. 7This nuisance cau be suppressed con-
of 100 pounds (45 kg.) of cottonseed meal ($25~ veniently by the use of two filter flasks connected
35 per ton (910 kg.)) and 8 gallons (30 liters) of separately with water pumps and serving inter-
lubricating oil. The distillates from 600 pounds changeably as receivers.
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TABLE I
DISTILLATION OF O-I-A BASES

1100
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No. range, °C. mm. cc. a2y

1 100-135 750 1

2 135-140 750 8 0.9522
3 140-142 .5 751 10 .9503
4 142.5-145 751 16 L9511
5 145-147.5 752 25 .9652
6 147 .5-150 752 20 .9652
7 150-1562.5 753 37 L9507
8 152.5-155 753 45 .9522
9 1565-1567.5 754 38 .9418
10 157.5-160 754 44 .9442
11 160-162.5 755 59 .9556
12 162.5-165 755 119 .9480
13 165-167.5 756 130 .9531
14 167.5-170 756 189 L9491
15 170-172.5 756 136 .9504
16 172.5-175 758 157 .9514
17 1756-177.5 758 170 .9559
18 177 .5-180 758 120 .9594
19 180-182.5 758 133 .9598
20 182.5-185 757 160 .9612
21 185-187.5 757 200 .9631
22 187.5-190 757 99 L9677
23 190-192.5 756 191 L9716
24 192.5-195 756 140 .9781
25 195-197.5 756 183 .9820
26 197.5-200 756 162 .9882
27 200-202.5 757 221 .9917
28 202.5-205 757 130 .9971
29 205-207.5 757 92 1.0026
30 207.5-210 758 144 1.0093
31 210-212.5 758 106 1.0165
32 212.5-215 758 60 1.0189
33 Residue 758 20

Experimental

In the production of nitrogen bases from cottonseed meal
at the Oleum Plant of the Union Oil Company,” a shell
still, 8 by 29 feet (2.5 X 8.8 meters) was used in distillation
of the cottonseed meal-lubricating oil mixture, air from the
spider of the still being used for agitation. The still run
occupied seven days; however, most of the distillate was
collected in four days. After completion of the distilla-
tion, the still was allowed to cool for four days and even
then difficulty was experienced in handling the coke,? due
to a tendency to spontaneous combustion. Distillation
temperature and rate are summarized in Fig. 1. Acid ex-
traction and distillation data, aloig with yields of base
fractions are compiled in Fig. 2.

Fractions O-I, O-IT and O-III, Fig. 2, were processed
through petroleum ether extraction, cumulative extraction
and fractional distillation, as shown in Fig. 3.9 The mate-

(7) The data in this connection were furnished by Mr. T. F. Ott,
Assistant Manager of Research at Oleum, California.

(8) This proved a very effective decolorant.

(9) This work was carried out by Ivy Parker.

n¥p N, % Bases isolated

Pyridine
2-Methylpyridine

1.4968 17.41 4-Methylpyridine

1.4978 17.36 3-Methylpyridine
2,6-Dimethylpyridine

1.4989 15.65

1.4968 16.03

1.4968 16.34

1.4990 15.84

1.4947 17.66

1.4990 17.71 2,4-Dimethylpyridine

1.4990 16.92

1.4968 15.22

1.4962 15.24

1.4988 15.96 3-Ethylpyridine

1.4990 15.98 3,5-Dimethylpyridine
2,4,6-Trimethylpyridine

1.4992 14.77

1.5010 13.93

1.5025 13.65

1.5055 13.36

1.5090 13.85

1.5119 13.86

1.5140 14.71

1.5160 14.66

1.5170 13.31

1.5199 13.34

1.5212 13.25

1.5260 12.84

1.5270 12.89

1.5303 12.53

1.5328 12.14

1.5342 13.23

1.5363

1.5375

rial O-I-A, Fig. 3, boiling below 215° was carried through
exhaustive fractionation by three separate distillations in
a carbon dioxide atmosphere under reflux through a spirally
indented column, 1 X 105 cm.

Volumes, boiling points, nitrogen content, d?5, values and
#n?p values of the 33 fractions obtained are collected in
Table I.10

Investigation of O-I-A Forerun
By A. C. BRATTON

The small volume of forerun (1 cc. of bases in 9 cc. of

water) precluded direct fractional distillation under re-
Aux

difficulty, and this first experiment in its use as an indirect
method of microdistillation was carried out successfully
as follows: to the 1 cc. of bases, 25 cc. of acid-and-caustic-
washed hydrocarbon oil, b. p. 80-140°, was added and the
mixture was distilled through a 0.5 X 100 cm. column
packed with a copper spiral. The rate of distillation was

(10) This work was carried out by A. C. Bratton and C. L. Gut-
zeit.
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0.6 cc. per hour, and nine 2.5-cc. cuts and a 3-cc. residue
were collected in the ranges shown in Table II.

TasLE 11
AMPLIFIED DISTILLATION OF THE BASES IN O-I-A FORERUN
B. p. base-
hydrocarbon
Cut fractions,
no. °C. Products isolated, mg.
1 55-85 30 Pyridine picrate
2 85-95
3 95-100
4 100-107 300 2-Methylpyridine picrate
5 107-109 :
6 109-115 450 Mixed picrates
7 115-122
8 122-124
9 124-138 10 2,6-Dimethylpyridine picrate
Residue

Each fraction was extracted twice with an equal volume
of 6 N sulfuric acid, the bases were liberated from the ex-
tracts with sodium hydroxide and steam distilled, and
finally precipitated with aqueous picric acid.

Pyridine.—The combined picrates from cuts 1 and 2
were recrystallized from water, ethyl acetate and isopropyl
alcohol. The product, m. p. 167.7-168°, proved to be py-
ridine picrate through a mixed melting point with an au-
thentic sample.

Amnal. Caled. for C;iHgO:Ny:
18.30.

2-Methylpyridine.—After similar treatment of the pic-
rates from cuts 4 and 5, a salt melting at 166° was identified
as 2-methylpyridine through a mixed melting point.

Anal. Caled. for C2H;0O7Ny: N, 17.40. Found: N,
17.62.

2,6-Dimethylpyridine.—Fraction 9 yielded a picrate
melting at 163° after recrystallization from water and iso-
propyl alcohol. It was identified as 2,6-dimethylpyridine
by a mixed melting point.

N, 18.19. Found: N,

Investigation of O-I-A Fractions 135-170°

By C. L. Gurzeir

3-Methyl-, 4-Methyl- and 2,6-Dimethylpyridine.—
These bases boiling at 144, 145.3 and 144.6°, respectively,
were suspected in the 140-145° fractions, and, after their
separation through picrates proved tedious and unsatis-
factory, the following procedure was employed: a solution
of 10 ce. of crude bases in 500 cc. of saturated mercuric
chloride and 10 cc. of concentrated hydrochloric acid was
evaporated to 150 cc. The precipitate was recrystallized
from alcohol and then dissolved in 1000 cc. of a hot satu-
rated solution of mercuric chloride containing 100 cc. of
concentrated hydrochloric acid. On cooling, the 2,6-di-
methylpyridine double salt of the composition C/HoN--
HCI-2HgCl; separated in granular crystals melting at
167°.11 The picrate prepared from this salt melted at
162° asreported by Eguchi. In finalidentification of these
salts, they were prepared from 2,6-dimethylpyridine, syn-

(11) Cf. Takashi Eguchi, Bull. Chem. Soc. Japan, 3, 181, 241
(1928); Chem. Zentr., 100, 331 (1929).
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thesized from 2-methylpyridine methiodide according to
the general method of Ladenburg.!? Mixed melting points
carried out in the usual way showed no depression.

Anal. of picrate. Caled. for C;H;,O/N,: C, 46.42; H,
3.57; N, 16.67. Found: C, 46.35; H, 3.58; N, 16.52.

Anal. of base. Caled. for C:H,N: C, 78.50; H, 8.41; N,
13.08. Found: C, 78.42; H, 8.43; N, 13.29.

For the separation of 4-methylpyridine, the filtrate from
the mercuric chloride salt of 2,6-dimethylpyridine was
neutralized with sodium hydroxide and then made just
acid to methyl orange. After twelve hours, a salt sepa-
rated which was recrystallized from water in long slender
needles melting at 128-129°, as found by Ladenburg for
the mercuric chloride salt, CsH;N-HCI-2HgCl,, of 4-
methylpyridine!? (p. 13). Final identification was ef-
fected through a mixed melting point with a sample of
picrate made from 4-methylpyridine synthesized from pyri-
dine methiodide.!3

Anal. Caled. for CH10O:Ns: C, 44.72; H, 3.11; N,
17.39. Found: C, 44.66; H, 3.15; N, 17.49.

Anal. of base. Caled. for C¢H/N: C, 77.42; H, 7.53;
N, 15.09. Found: C, 77.36; H, 7.51; N, 15.12.

In isolation of 3-methylpyridine, the low melting pic-
rates from purification of 4-methyl- and 2,6-dimethyl-
pyridine were used. After it was found impractical to
segregate this picoline through the picrate, mercuric
chloride salt!? (p. 8) or the zinc chloride salt,!* advantage
was taken of the non-reactivity of 3-methylpyridine with
benzaldehyde in contrast to the ease with which conden-
sation takes place with the associated pyridine homologs.!®

The bases recovered from the low melting picrates were
mixed with twice their volume of benzaldehyde, a small
piece of zinc chloride was added and the mixture was heated
at 225° for six hours. The unchanged 3-methylpyridine
was extracted with benzene from the reaction mixture made
alkaline with sodium hydroxide. The dried extract was
distilled and the 140-145° fraction was treated with a
benzene solution of picric acid. The third recrystalliza-
tion from alcohol gave a pure product in the form of long
glistening needles melting at 149°, as reported for 3-
methylpyridine picratel! (pp. 229, 241).

Anal. Caled. for CuH10O/Ns: C, 44.72; H, 3.11; N,
17.39. Found: C, 44.64; H, 2.93; N, 17.50.

Identification was further confirmed by a mixed melting
point with the picrate prepared from the synthetic base.l®

The 135-140° fraction of bases was investigated in a
fruitless search for methylpyrazine. Since only 8 cc. of
material was available, amplified distillation was resorted
to in fractionation. A small amount of 3-methyl- and 2,6-
dimethylpyridine was isolated, but none of the 4-methyl-
pyridine.

3,5-Dimethylpyridine.—This base is easy to isolate and
identify because of the difficult solubility and high melting
point of its picrate. Three fractions of bases in the 165-
170° range were picrated in two volumes of alcohol to one

(12) A. Ladenburg, Ann., 247, 2 (1888).

(13) Otto Lange, Ber., 18, 3439 (1885); ref. 12, p. 12.

(14) J. G. Heap, W. J. Jones and J. B. Speakman, THIS JOURNAL,
43, 1936 (1921).

(15) Paul Schwarz, Ber., 24, 1676 (1891); Fr. Schuster, ibid., 25,
2398 (1892); A. Marcuse and R. Wolffenstein, ibid., 32, 2526 (1899).

(16) Ludwig Storch, 7bid., 19, 2456 (1866).



1102

volume of bases, picric acid solution being added to where
no further separation of picrates resulted. The crude
material melted at 234-236°. After two recrystalliza-
tions from acetone, the most satisfactory solvent for this
salt, the melting point was raised to 242.5-243.5°.17

Anal. of picrate. Caled. for CyyH1:O:Ns:  C, 46.43;
H, 3.57; N, 16.67. Found: C,46.61; H, 3.59; N, 16.54.

Anal. of base. Caled. for G;HyN: C, 78.50; H,841; N,
13.08. Found: C, 78.44; H, 8.36; N, 13.35.

The identity of the picrate was confirmed further by a
mixed melting point with a sample made from synthetic
3,5-dimethylpyridine.18

3-Ethylpyridine.—From the 165-167.5° fraction of bases
oily picrates admixed with crystalline 3,5-dimethylpyridine
picrate were obtained. After removal of the latter, long
yellow needles followed in about two weeks and, after
several recrystallizations from alcohol, the melting point
129° agreed with that of 3-ethylpyridine picrate.1®

Anal. Caled. for C;3H;;0/Ns: C, 46.43; H, 3.57; N,
16.67. Found: C,46.32; H, 3.54; N, 16.56.

In further structural proof, 0.3 g. of the base in 100 cc.
of water containing 2 g. of potassium permanganate was
allowed to stand three days when the colorless solution was
filtered hot and neutralized with acetic acid. On addition
of copper acetate, followed by concentration of the solu-
tion to a small volume, a deep blue copper salt precipi-
tated. After removal of the copper with hydrogen sulfide
and evaporation of the filtered solution, the residue, re-
crystallized several times from alcohol, melted at 229° in
agreement with nicotinic acid.2

2,4,6-Trimethylpyridine.—This pyridine was isolated
from the 167.5-170° fraction of bases through the follow-
ing procedure. The mixed bases (20 cc.) in 100 cc. of a
saturated alcoholic solution of mercuric chloride containing
10 cc. of concentrated hydrochloric acid were allowed to
stand for twelve hours, oily impurities were removed and
the residue was dissolved in a small volume of hot alcohol.
After twenty-four hours a dense crystalline precipitate
separated. On one recrystallization from a saturated
solution of mercuric chloride containing 5%, hydrochloric
acid,?! and three recrystallizations from very dilute acid,
the characteristic needles of the double salt of 2,4,6-tri-
methylpyridine, CsH;;N-HC1:2HgCl, melting at 156° were
obtained.

The picrate melting at 155° was prepared and compared
in the usual way with a sample made from the synthetic
base.??

Anal.
15.89.

Caled. for CyHuO/N,: N, 16.00. Found: N,

(17) This determination is in agreement with 244° reported by
Eguchi, ref. 11, pp. 231, 241. Beilstein, 4th ed., Vol. XX, p. 246,
gives 228-230°.

(18) E. Durkoff and H. Géttsch, Ber., 23, 685, 1113 (1890).

(19) C. Stoehr, J. prakt. Chem., [2] 45, 38 (1892).

(20) A. Ladenburg, An=z., 301, 152 (1898). '

(21) With water the solvent at this stage, an amorphous insoluble
salt with an indeterminate decomposition point around 200° also
separates and interferes with further purification. This type of salt,
encountered in connection with all fractions of bases investigated, is
very soluble in dilute acid, even with a high concentration of mercuric
chloride, and cannot be converted to a crystalline picrate.

(22) Gattermann, ‘‘Die Praxis des organischen Chemikers,” 1927,
p. 332,
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2,4-Dimethylpyridine.—The 155-157.5° fraction of
bases was treated with mercuric chloride in the way de-
scribed under 2,4,6-trimethylpyridine. The more soluble
mercuric chloride salts thus obtained were recrystallized
three times from a mercuric chloride solution containing
59, hydrochloric acid. Since a pure product was not ob-
tained, the bases were liberated in the usual way and
converted to picrates. After four recrystallizations, a
pure product melting at 182° in agreement with 2,4-di-
methylpyridine picrate!! (pp. 232, 241) was obtained. A
mixed melting point with the picrate of the synthetic
base?%12 showed no depression.

Anal. Caled. for Ci3H;;0/Ny:
16.56.

N, 16.67. Found: N,

Investigation of Base Fractions in the 236-280°
Boiling Range of O-II and III-A

By Ivy PARKER

Quinoline and Isoquinoline.—The combined 236, 238
and 240° fractions (50 cc.) were dissolved in 75 cc. of 6 N
hydrochloric acid and extracted with eight successive por-
tions of chloroform. From the aqueous layer 27 cc. of
bases was recovered. This material<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>