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Hindered Rotation of the Methyl Groups in Propane. The Heat Capacity, Vapor
Pressure, Heats of Fusion and Vaporization of Propane. Entropy and Density of the
: : Gas '

By J. D. Kemp* aND CLARK ]J. EGAN

Evidence proving the existence of a high po- the middle 309, being retained each time. From
tential barrier which hinders the rotation of the the course of the heat capacity curve just below
methyl groups about the single carbon-carbon the melting point, the amount of liquid-soluble
bond in ethane'~® has made apparent the need solid-insoluble impurity was ‘estimated to be less
for more experimental data on the hindering than 0.001 mole per cent. Themethod of making
potentials in similar molecules. Accordingly, the this calculation has been described previously.’
entropy of propane gas has been obtained ex- A less accurate value of 0.002 mole per cent.
perimentally from calorimetric data with the aid impurity was calculated from the change of the
of the third law of thermodynamics, and has also melting point in heating from 5 to 209, melted.
been calculated as a function of the height of the Apparatus and Measurement of Amount.
potential barrier by means of spectroscopic and The Density of Propane at 1 Atmosphere and
molecular structure data. The contributions of a 298.10°K.—The calorimetric apparatus and pro-
hindered rotator to the entropy, energy, and heat cedure have been described previously.>” Gold
capacity have been given by Pitzer.* The height Calorimeter IV was used for the investigation.
of the potential barrier was determined as that The volume of the propane was determined by
necessary to bring the spectroscopic entropy value means of the 5-liter measuring bulb deseribed by
into agreement with the experimental entropy Giauque and Johnston.®
value. A gas density determination was made after

Purification of Propane.—C. p. propane, of each of the three heats of vaporization. The
99.99%, purity, from the Ohio Chemical Company, volumetrically measured propane was condensed
was bubbled through 12 N sodium hydroxide and and weighed in a glass bulb containing pentane,
36 N sulfuric acid. It was then passed through a  which reduced the vapor pressure of the propane.
tube containing phosphorus pentoxide and con- The molal volume of propane, V, at T near 298°K.
densed in a previously evacuated bulb. The and P near 1 atm. was found to be
liquid was subjected to two successive fractiona- v = 82067 01 o7 (1)

tions in a vacuum-jacketed fractionating column, o P ) .
This gives 1.8325 = 0.0007 g./liter for the density
(*¥) Present address: Standard Oil Co., Richmond, Calif. :

o
(1) Kemp and Pitzer, J. Chem. Phys., 4, 749 (1936); THIS Jour- of proparne gas at 208.10°K. and 1 atm.

NAL, §9, 276 (1937). (5) Johnston and Giauque, Turs JOURNAL, 61, 3194 (1929).
(2) Howard, Phys. Rev., b1, 53 (1937). (6) Kemp and Giauque, 2bid., 59, 79 (1937).
(3) Kistiakowsky and Nazmi, J. Chem. Phys., 6, 18 (1938). (7) Giauque and Egan, J. Chem. Phys., 5, 45 (1937).

(4) Pitzer, ibid., B, 469 (1937). (8) Giauque and Johnston, Truis JourNaL, 51, 2300 (1929).
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Vapor Pressure.—The procedure used in the
measurements of vapor pressure has been de-
scribed previously.® The observations have been
represented by the equation
liquid propane, 166 to 231°K., (0°C. = 273.10°K.)

1og10P (1nt. om. mwe) = —(1325.358/T) + 9.64920 —
0.0118950T + 0.0000134207% (2)

A summary of the measurements is presented in
Table I. The calculated and observed values are
compared in columns 3 and 4. Temperatures
have been given to 0.001° because of the high
relative accuracy. The absolute temperatures
may be in error by several hundredths of a degree.
Column 5 contains values of the rate of change of
pressure with temperature calculated from equa-
tion (2).

J. D. Kemp anD CLARK J. EGAN
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TaABLE 11
MELTING POINT OF PROPANE
(0°C. = 273.10°K.)

% T, °K., resistance T, °K.
Time melted thermometer thermocouple
0:00 Stopped supply of heat
0:55 5 85.428 85.43
1:27 5 85.424 85.43
2:00 , 5 85.426 85.43
2:15 Stopped supply of heat
3:40 20 85.434 85.43
4:15 20 85.430 85.45
5:15 20 85.430 85.44
5:30 Stopped supply of heat
7:00 40 85.436 85.45
7:30 Stopped supply of heat
9:00 65 85.439 85.46

Accepted value 85.45 = 0.05°K.

25

/

\

The boiling point calculated from
equation (2) is 231.04 = 0.05°K.
(0°C. = 273.10°K.).

Melting Point.—The melting point

20

was observed with various percent-
ages of the propane melted. The re-
sults are summarized in Table II.

Table III contains a summary of the
melting and boiling point tempera-
tures observed by other experi-
menters.

-

Heat Capacity of Propane.—No
measured values of the heat capacity
of condensed propane below the boil-

ing point could be found in the
literature.

The heat capacity measurements
are given in Table IV. 1.0004 abso-

10
5| — /
ol -
0 50 100 150 200 250

Temperature, °K.

Fig. 1.—Heat capacity of propane in cal./deg: per mole.

TaBLE I
VAPOR PRESSURE OF LIQUID PROPANE
(0°C. = 273.10°K.)

Pint, em, Pobsd, — Tobsd. — d_l’ cm.

T, °K. . obsd. Pealed. Tealed. dT deg.

166.140 1.161 —0.003 +0.028 0.108
173.270 2.200 + .002 — .011 .187
179.792 3.739 .000 .000 .292
187.297 6.544 - .000 .000 .466
195.081 11.103 — .002 -+ .003 720
202.860 17.992 .000 .000 1.067
209.876 26.833 — .013 + .009 1.472
214.932 35.166 .000 .000 1.827
220.209 45.913 + .001 — .000 2.257
225.048 57.889 — .015 + .006 2.708
228.756 68.619 — .032 + .010 3.092
231.412 77.271 + .014 — .004 3.392

lute joules was taken equal to 1 Inter-
national joule and 4.185 absolute

joules equal to 1 calorie. A graphical
TaBLE III
MELTING AND BOILING POINT TEMPERATURES OF PROPANE
%"Ii(' }},- ‘PK, Observer
228.1 Olszewski® (1894)
229.0  Burrell and Robertson' (1915)
83.2 228.6 Maass and Wright!t (1921)
230.98 Dana, Jenkins, Burdick and
Timm!2 (1926)
230.8 Francis and Robbins!? (1933)
86.0 230.93 Hicks-Bruun and Bruun!* (1936)
85.45 231.04 This research

(9) Olszewski, Ber., 27, 3305 (1894).

(10) Burrell and Robertson, THIS JoURNAL, 37, 2188 (1915).

(11) Maass and Wright, ¢bid., 43, 1098 (1921).

(12) Dana, Jenkins, Burdick and Timm, Refrig. Eng., 13, 387
(1926)

(13) Francis and Robbins, TH1s ]oURNAL, 65, 4339 (1933).

(14) Hicks-Bruun and Bruun, ibid., 58, 810 (1936).
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representation is shown in Fig. 1. Table V con-
tains values of the heat capacity taken from a
smooth curve through the data.

TaBLE IV
HeaT CaracIiTY OF PROPANE
Molecular weight, 44.092;1 1.6779 moles in calorimeter.

Cp cal./deg.
T, °K. per mole AT Series
13.29. 0.514 3.375 I1
16.36 .865 2.795 11
- 19.60 1.504 3.705 I
23.11 2.257 3.315 I
26.57 2.970 3.609 11
30.51 3.864 4.221 11
34.58 4.870 3.915 11
38.85 © 5.785 4.590 11
43.68 6.682 5.132 11
48.91 7.593 5.219 II
54.48 8.471 4.899 11
59.16 9.328 5.447 i
64.87 10.08 5.947 I
70.96 10.87 6.373 11
77.05 11.69 5.733 II
81.32 12.21 2.673 II
83.60 12.42 1.851 II1
83.84 12.60 2.551 I
84.75 12.70 0.438 11
85.14 13.14 .343 111
85.45 Melting point
89.67 20.20 5.339 I
95.48 20.25 6.134 I
101.91 20.33 6.642 1
108.45 20.41 6.326 I
115.11 20.50 6.879 I
121.92 20.59 6.600 I
128.85 20.68 7.119 1
135.90 20.84 6.827 I
142.74 120.89 6.578 1
149.69 21.06 7.089 1
156.80 21.19 6.840 I
164.34 21.35 7.910 I
171.97 21.47 7.031 I
179.04 21.68 6.769 I
185.85 21.90 6.547 I
194.23 22.17 6.243 I
200.89 22.42 6.041 I
207.04 22.52 5.885 1
213.05 22.80 5.707 I
219.20 23.00 5.539 I
224.91 '23.29 5.401 I
229.76 23.48 3.941 I
231.04 Boiling point .

Heat of Fusion.—No measured values of the
heat of fusion were found in the literature. The
present measurements of the heat of fusion of pro-
pane are summarized in Table VI.

Heat of Vaporization..—The propane was
vaporized from the calorimeter into the 5-liter

(15) Int. At. Wt, Committee, THIS JourNaL, §9, 219 (1937),

Tue Heat CAPACITY OF PROPANE
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TABLE V
HEAT CAPACITY OF PROPANE

Molecular weight, 44,092. Values taken from smooth
curve through observations.

T, °K. Co cal./des- T, °K. Cr ez L/des:

15 0.662 90 20.20

20 1.592 100 20.31

25 2.635 110 20.42

30 - 3.765 120 20.55

35 4.960 130 20.71

40 5.995 140 20.87

45 6.923 150 21.05

50 7.765 160 21.25

55 8.570 170 21.47

60 9.342 180 21.73

65 10.08 190 22.03

70 10.77 200 22.35

75 11.42 210 22.70

80 12.04 220 23.07

85 12.64 230 23.49
85.45 Melting point 231.04 Boiling point

TABLE VI
HEeAT oF FUSION OF PROPANE
Molecular weight, 44.092
Temp. Corr. heat AH

interval, °K. input per mole S CpdT cal./mole
81.974-87.775 972.5 130.4 842.1
82.208-87.423 958.3 116.3 842.0
85.082-87.952 917.7 75.1 842.6

Average value = 842.2 = 0.8 cal./mole

measuring bulb mentioned previously. A con-
stant pressure regulating device described by
Giauque and Johnston® was used. The individual
measurements are summarized in~ Table VII,
and are compared with the value calculated from
equation (2) and Berthelot’s equation.” The
value measured by Dana and co-workers!? is also
included. )

TasLE VII

HEAT OF VAPORIZATION OF PROPANE
Boiling point, 231.04°K.; molecular weight, 44.092.

No. moles Time of energy AH at 760 mm.

vaporized input, min. cal./mole

0.21634 38 4488
.21871 39 4487
.21865

39 4485
Average value = 4487 = 4

From vapor pressure equation 2.
This includes a Berthelot correction of —180

cal./mole 4475
Value of Dana, Jenkins, Burdick and Timm = 4475 = 45

Entropy from Calorimetric Data.—The calcu-
lation of the entropy of propane at the boiling
point, 231.04°K., from the calorimetric data is
summarized in Table VIII,
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TaBLE VIIT
ENTROPY OF PROPANE FROM CALORIMETRIC DATA
0-15°K., Debye extrapolation, (hcr/k =  0.25
128)

Solid, 15-85.45°K., graphical 9.702
Fusion, 842.2/85.45 9.856
Liquid, 85.45-231.04°K., graphical 21.063
Vaporization, 4487/231.04 19.421
Entropy of actual gas at boiling point 60.29 = 0.1
Correction for gas imperfection 0.16

60.45 cal./deg.
per mole

Entropy of ideal gas at 1 atm.
and 231.04°K.

The correction for gas imperfection was ob-
tained from the expression’
Sideat — Sactuat = (27RT3P)/32T3P,

The values of the critical pressure and temperature
were taken as T, = 369.9°K. P, = 42.01 atm.®

Magnitude of the Potential Barrier.—Al-

though it would be more logical to evaluate the
entropy due to the two degrees of freedom con-
cerned with the internal rotation of the methyl
groups and thereby estimate the magnitude of the
potential barrier, it is more convenient to calculate
an entropy value with the assumption of free
internal rotation and evaluate Siee — Sexperimental-
With this quantity and a table of Sgee — Shindered
as a function of the potential barrier, the magni-
tude of the barrier may be obtained.

The values of the natural constants used were
those given in the ‘“‘International Critical Tables.”
The following data from the electron diffraction
measurements of Bauer' were used to calculate
the rotational contribution to the entropy.

C-C = 1.503 = 0.02 A.
C-H = 1.081 = 0.02 A.
C-C-C = 11472/
The remaining H-C-H angles were assumed to be
tetrahedral, namely, 109°28’. Kassel’® has de-
rived the partition function for freely rotating
propane. The expression for the rotational en-
tropy
Stree roration = R/2 In (Ix — 2K sin?a)(ly —
2K cos?a)(L)YK): +5/2RInT — RIn « + 447.599
may be separated into the usual expression
Sexternal rotation = R/21n LIyl + 8/2RIn T —
R1n 2 4 267.649
plus
Stree internal rotation = R/21In(;)2 + RInT — R1n9 + 179.950

(16) Beattie, Poffenberger and Hadlock, J. Chem. Phys., 3, 96
(1935).

(17) Bauer, ibid., 4, 406 (1936).

(18) Kassel, ibid., 4, 276 (1936).

J. D. Kemp AND CLARK J. EGAN
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where the reduced moment
2K sin’a 2K cos?a
o o (- 2572 s - 2572

K = moment of inertia of a methyl group.
a = one-half of the C-C-C angle. I, = moment
of inertia about the axis through the center of
gravity and perpendicular to the carbon plane.
I, = moment of inertia about the axis which
bisects the C-C-C angle in the carbon plane.
I, = moment of inertia about the axis through
the center of gravity and perpendicular to both
y and z axes.

From the above data the moments of inertia
times 10% g. cm.? were found to be I, = 26.9;
I, =96.8; I, = 108.2; K = 5.18; I’ = 18.93. The
symmetry number ¢ was taken equal to 18.

Kohlrausch and Koéppl"? have summarized the
Raman data on propane. They have also in-
cluded the results of Bartholomé® on the in-
frared spectrum of propane. The three vibrations
of the carbon skeleton have been identified at
373, 867 and 1053 cm.~. For the calculation of
the vibrational contribution to the entropy, the
remaining frequencies were estimated as follows:
seven at 950 cm.™!, seven at 1440 cm.—! and
eight at 3000 cm.—1.21

The sum of the translational, rotational and
vibrational entropies of freely rotating propane
was calculated to be 63.85 = 0.25 cal./deg. per
mole at one atmosphere at the boiling point,
231.04°K. The disagreement of this value with
the experimental value, 60.45 = 0.10 cal./deg.
per mole, indicates that the rotation of the methyl
groups in propane is hindered rather than free.
Although lack of equilibrium in the crystal at low
temperatures has caused discrepancies in the
experimental and spectroscopic entropy values of
several molecules, the reasons for this lack of
equilibrium are known and such an explanation
for the disagreement in the case of propane as in
the cases of ethane,! tetramethylmethane?? and
methylamine?® seems very improbable. Pitzer,?'
by interpolating the values of the barriers present
in similar molecules, has predicted a hindering
potential of 3400 cal./mole for propane.

The difference, Siee — Sexperimentary Was found
to be 3.40 = 0.3 cal./deg. per mole at the boiling
point. This amount of entropy corresponds to a

(19) Kohlrausch and Koppl, Z. physik. Chem., B26, 209 (1934).
(20) Bartholomé, ibid., B23, 152 (1933).

(21) Pitzer, J. Chem. Phys., 5, 473 (1937).

(22) Aston and Messerly, THIS JOURNAL, 58, 2354 (1936).

(28) Aston, Siller and Messerly, ibid., §9, 1743 (1937),
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barrier of 3300 = 400 cal./mole,?* which is in
excellent agreement with the predicted value
mentioned above. The entropy at 298.10°K.
has been calculated to be 64.7 = 0.3 cal./deg. per
mole from molecular and spectroscopic data, the
experimental value of the potential barrier and
the experimental value of the entropy at the
boiling point. This value at 298.10°K. is the
entropy to be used in thermodynamic calculations.

In these calculations the nuclear spin entropy,
8 R In 2 = 11.015 cal./deg. per mole, has been
neglected. Table IX contains a summary of the
calculations.

TaBLE IX

CALCULATION OF THE MAGNITUDE OF THE POTENTIAL
BARRIER IN PROPANE
T = 231.04°K. T = 298.10°K.
P = 1atm, P = 1atm.
cal./deg. per mole
Stnns. = 3/2 Rl M +
5/2RInT — RlnP —

2.300 36.02 37.28
Sexternal rotatioq = R/ 2 In

I Il X 10120 4 3/2 R

InT —RIn2 — 6.851 20.46 21.22
Sfree internal rotation R/2

In 7,2 X 108 4 R

InT"—Rln9 —3.050 6.32 6.83
S\-ibnt. = En to vos SEinstein 1.05 2.22

63.85 = 0.25 67.55

Calorimetric entropy 60.45 = 0.10
Stres — Shindered 3.40 = 0.3 2.86
Entropy of propane with a

potential barrier of 3300

cal./mole (nuclear spin

‘entropy not included) 64.7 = 0.3

(24) Refer to Table I of ref. 4.

EVIDENCE FOR THE VALIDITY OF RAOULT’S LAwW
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Summary

The heat capacity of condensed propane has
been measured from 15°K. to the boiling point.
The melting point was found to be 85.45 =
0.05°K., the boiling point 231.04 = 0.05°K., the
heat of fusion 842.2 = 0.8 cal./mole and the
heat of vaporization 4487 = 4 cal./mole.

Vapor pressure measurements have been made
on liquid propane and the results have been repre-
sented by the equation (liquid propane, 166 to
231°K. (0°C. = 273.10°K.))
10g10P (1nt, om. 1e) = — (1325.358/T) + 9.64920 —

0.01189507 + 0.0000134207°2

The density of propane gas at 298.10°K. and
one atmosphere was found to be 1.8325 = 0.0007
g./liter.

At one atmosphere at the boiling point the
experimental entropy of propane (ideal gas) was
evaluated as 60.45 = 0.10 cal./deg. per mole.

The entropy of propane calculated with the
assumption of free internal rotation minus the ex-
perimental entropy: Sfree - Sexperiment_al (at the
boiling point), was found to be 3.40 = 0.3 cal./
deg. per mole, which corresponds to a potential
barrier of 3300 = 400 cal./mole hindering the in-
ternal rotation of the methyl groups.

The entropy of propane (ideal gas, with a 3300
cal./mole barrier) at one atmosphere and
298.10°K. was found to be 64.7 = 0.3 cal./deg.
per mole (nuclear spin entropy not included).
This is the entropy value to be used in thermo-
dynamic calculations.

BERKELEY, CALIF. RECEIVED MARcH 30, 1938

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, DUKE UNIVERSITY ]

Vapor Pressure Studies.

I. Evidence for the Validity of Raoult’s Law.

The Sys-

tems Benzene-Diphenyl, Benzene-Benzyl Benzoate, Ethyl Acetate-Benzyl Benzoate

By H. H. GiLMaNN! AND PauL Gross

Attention recently has been drawn? to the
paucity of direct experimental evidence which is
available in support of Raoult’s law. In view of
its importance for modern solution theory and
because of the difficulty of giving a general theo-
retical foundation to the law, the desirability® of
adding to this evidence has been emphasized.

(1) Part of a thesis of H. H. Gilmann submitted in partial
fulfilment of the requirements for the Ph.D. in Chemistry.

(2) Guggenheim, Trans. Faraday Soc., 88, 161 (1937).

(3) Hildebrand, THrs JoUurNAL, §9, 794 (1937).

In connection with a study of the stability of
addition compounds in non-aqueous systems as
indicated by partial pressure determinations, par-
tial pressure data were also obtained for certain
binary systems consisting of a volatile and a non-
volatile component. Some of these cases furnish
evidence bearing on the validity of Raoult’s law.

The systems in question are benzene-diphenyl,
benzene-benzyl benzoate and ethyl acetate-ben-
zyl benzoate. Benzyl benzoate boils at 324°
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According to Rechenberg? it has a vapor pres-
sure of 4.5 mm. at 156°. By means of a log p
vs. 1/T plot the data given by Rechenberg above
156° were extrapolated to 95°, the highest tem-
perature investigated here. The vapor pressure
found thus was 0.3 mm. Since the partiel pres-
sure of the benzyl benzoate from the solutions
could be no greater than this, its contribution to
the total vapor pressure would be negligibly small.
The measurement of the total vapor pressure of
the systems containing benzyl benzoate would
therefore be a direct determination of the partial
pressure of the volatile
component, benzene or
ethyl acetate. A testof
Raoult’s law with sys-
tems of this type has
the definite advantage
that it involves fewer
assumptions than ear-
lier tests such as that of
Zawidski with systems
involving two volatile
components. These ne-
cessitated the assump-
tion of the validity of
the gas laws and of
Dalton’s law of partial
pressures in order to cal-
culate the partial vapor pressures from the com-
position of the liquid condensate of the vapor
phase which had been determined analytically.

The same considerations apply to the system
benzene-diphenyl in the range of temperatures
between 50 and 80°. Here the partial pressure
of the benzene can be placed equal to the total
pressure of the solution with but negligible error.
At the highest temperatures measured, 90-95°, the
vapor pressure of the diphenyl is no longer negli-
gible. However, even in these cases an estimate
of the contribution that the partial pressure of its
vapor makes to the total indicates that it is of the
same magnitude as the experimental error. These
cases will be considered in detail later.

bttt
10 CM

Fig. 1.

Apparatus and Method
The total vapor pressures were determined by an ebullio-
metric method using a modification of the apparatus of
Swietoslawski.5 The principle of this is based on the
earlier apparatus of Cottrell and need not be reviewed
here. The precise boiling point elevation measurements
(4) Rechenberg, “Einfache und fraktionierte Destillation,” 2

Aufl,, Schimmel & Co., Miltitz, 1923, p. 305.
(5) Swietoslawski, Bull. soc. chim., [4] T1, 717 (1927).

H. H. GiLMANN AND PAUL GROSS
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of Washburn and Reade® and the extensive tests of his
own apparatus by Swietoslawski’ show that this method
gives true values for the vapor—solution equilibrium and
that it is capable of great precision. Our experience con-
firms this. The apparatus is shown in Fig. 1. The large
bulb A (600 cc.) is filled through the stoppered side-tube I
with a solution of known composition to a point just be-
low the end of tube II. The solution is boiled by the plati-
num heating coil and also, if necessary, by external heat-
ing by means of gas micro burners heating the lower por-
tion of A. A stream of mixed vapor and bubbles rises in
II and is ejected through the constriction C onto the ther-
mocouple well T. The volatile component is condensed in
an efficient inner jacket condenser attached to D so de-
signed as to have a minimum hold-up of returning con-
densate. The latter is by-passed through tube IV to pre-
vent cooling of the vapor equilibrium chamber surround-
ing T. The return tube III is brought into the bottom to
promote mixing and circulation. This and the heating
coil which prevents bumping at low pressures are modifica-
tions in Swietoslawski’s original design.

A pressure control system, containing a large thermally
insulated reservoir of 30-liter capacity to minimize pres-
sure variations, was attached to the upper end of the con-
denser. Pressures were read with a baromanometer
similar in design to that of Germann® employing tubes
of 13-mm. i. d. and with an electric device for setting the
zero position in the arm connected to the pressure system.
The scale was ruled on a strip of plate glass on a Geneva
Society dividing engine and checked with a cathetometer.
Pressures could be read to 0.2-0.3 mm. Atmospheric
pressure readings taken at intervals with the baromanome-
ter were compared with those of a ‘“Greene Precision
Barometer” which had a 0.75-inch (1.9-cm.) diameter
mercury column and were found to be in agreement within
the precision of the readings on the baromanometer. All
pressures are corrected to sea level at 34° latitude and 0°.

Temperatures were determined by means of a 24-junc-
tion copper—constantan thermocouple designed according
to the recommendations of White.® This was calibrated
by the Bureau of Standards at six temperatures, the cold
junctions being at zero. The Bureau’s certificate fur-
nished a four constant equation to represent the de-
pendence of e. m. f. on temperature. A three constant
equation of the type recommended by Adams! was found
to fit their calibration data somewhat better and was there-
fore used. The hot junctions of the thermocouple were
placed in the glass well T and covered with “Nujol” to
about 1 cm. depth to ensure good thermal transfer from
the walls of the well. E. m. f.’s were read with a Leeds and
Northrup calibrated Type K potentiometer.

As an over-all check on the pressure and temperature
readings the boiling temperatures of redistilled water
under five different pressures from 352.6 to 751.8 mm. were
determined and found to agree within 0.01° with those
given in ‘“International Critical Tables” in all but one
case which differed by 0.02°. The vapor pressures of
benzene from 40 to 80° and those of ethyl acetate from 40

(6) Washburn and Reade, THIS JOURNAL, 41, 729 (1919).

(7) Swietoslawski, J. Chem. Ed., 51, 469 (1928).

(8) Germann, THIS JOURNAL, 36, 3456 (1914).

(9) White, ibid., 36, 2292 (1914).

(10) Adams, J. Wash. Acad. Sci., 3, 469 (1913),
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to 90° were determined. Since these compounds- were
carefully purified and the data in the literature, especially
for ethyl acetate, show some disagreement it seems worth
while to record our observed values here. Table I gives
the values for benzene and Table II those for ethyl acet-
ate.

TABLE 1 TaBLE II

t 5, mm. t $, mm.
36.73 157.8 39.46 183.7
40.90 188.5 53.35 324.1
45.13 223.9 67.96 557.1
50.19 272.1 77.04 758.6
55.09 326.7 83.01 919.8
60.63 389.9 87.58 1061.4
64.89 461.2
69.67 544.7
74.98 646.0
79.78 753.0

Large scale smoothed curves of the values in Tables I
and I were drawn and the values for each even ten-degree
interval found. These values are listed in the columns
headed 100%, in Tables V and VI. These were compared
with the best values in the literature listed in “Interna-
tional Critical Tables.” The benzene values agreed within
1 mm. with those of Young at 40, 50 and 60° and with
those of Smith and Menzies at 65, 70 and 80°. The ethyl
acetate values agreed within 1 mm. with those of Rechen-
bergl! at 40, 60, 70, 80 and 90° but differed by 2.2 mm. at
50°, 3.4 mm. at 60°, and 2.0 mm. at 80° from those in
“International Critical Tables.” At 60 and 90° the dif-
ference from the latter values was less than 1 mm.
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in a large Dufton column and the fraction distilling be-
tween 80.15 and 80.17° was then (f) fractionally recrys-
tallized, that with melting point 5.42-5.46° being stored
over sodium for use.

Diphenyl.—This was recrystallized twice from absolute
alcohol, dried, and then distilled twice under about 7 mm.
pressure at 112°, The product so obtained had a melting
point of 68.95°.

Ethyl Acetate.—FEastman Kodak Company best grade
was distilled and the fraction between 77.00 and 77.18°
was dried over phosphorus pentoxide for three weeks. It
was then distilled in the Dufton column, the large fraction
distilling between 77.14 and 77.16° being used.

Benzyl Benzoate.—This was fractionally distilled under
reduced pressure. Attempts at distillation at ordinary
pressure as recommended by Berkeley!? resulted in slight
cracking and so were abandoned. The melting point of
each fraction was determined and the best fractions re-
distilled. The best fractions from this redistillation melted
from 19.10 to 19.20° and these were used.

Data

Samples of the actual data obtained are given
in Tables IIT and IV. These values of the pres-
sure at different temperatures for each solution
of fixed composition were plotted and a smooth
From this the
pressures at 10° intervals were found and these
are tabulated in Tables V, VI and VII under the
corresponding compositions in mole per cent. In

TasLE III
Mole % Benzene 69.93, Diphenyl 30.07
13 ) 48.50 58.65 58.76 68.33 68.49 77.98 78.09 86.51 92.66
p, mm. 179.3 261.6 264.3 364.6 367.0 497.3 499.0 641.3 762.6
t 50 55 60 65 70 75 80 85 90
$, mm. 192 232 275 327 386 453 530 614 709
TaBLE IV the row immediately below each value of the mole

Mole % Benzene 69.93, Diphenyl 30.07 per cent. (V) is tabulated the value of the quan-
¢ 55.26  59.63  60.55  79.88  90.26  95.65 tjty 100 A defined by the equation
$, mm. 232.2 271.8 381.8 530.6 722.7 841.1
4 55 60 65 70 75 80 85 90 95 A= (P/PO) - N

p,mm. 233 274 327 386 453 532 615 712 826

In view of the purity of our substances and the compari-
sons cited for water, benzene and ethyl acetate we esti-
mate that in the determination of the vapor pressures
of pure substances the method will probably not result in
errors greater than 0.03° in temperature, and 1.5 mm. in
the pressure values. The errors in the case of the solu-
tions will be discussed later.

Materials

Benzene.—A good grade was purified as follows:
(a) shaken with concentrated sulfuric acid until no colora-
tion was perceptible, (b) washed with watet, then with 25%,
sodium hydroxide solution and then with water, (c) shaken
with mercury, (d) washed with water and then dried over
calcium chloride and phosphorus pentoxide, (e) distilled

(11) Rechenberg, Ref. 4, p. 190:

Here p is the observed pressure at the mole per
cent. in question and p, is the vapor pressure of
the pure volatile component at the temperature
concerned, as listed in the row marked 100 mole
per cent. A is the difference between the mole
fraction computed from Raoult’s law and the ac-

" tual composition of the solution and is a measure

of the deviations from the law. These devia-
tions are averaged for constant temperature in
the last row at the bottom and for constant com-
position in the last column at the right of each
table.

Before discussing the significance of the data a
closer evaluation of the possible errors of the

(12) Berkeley, J. Chem. Soc., 109, 520 (1916).
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TABLE V
SvSTEM BENZENE-DIPHENYL, PARTIAL PRESSURE OF BENZENE IN MM.
7?&%3 t....50 60 70 80 90 95 1%6' ‘a
69.93 192 274 386 531 710 826 )
100A 1.18 0.32 0.25 0.21 —-0.39 0.01 0.39
78.58 215 309 435 593 802 923
100 A 1.05 0.65 0.51 —0.25 —0.03 —0.43 .49
84.79 228 333 472 645 855 1007
100 A —0.35 0.59 1.03 0.41 —1.05 0.48 .65
88.96 241 352 492 672 913 1052
100 A 0.30 1.30 0.50 0.19 0.46 0.12 .48
93.00 249 363 511 704 ... Lo
100 A —0.78 0.08 —0.09 0 .24
100.00 270 390 550 757 1021 1181°
Av. 100 A 0.73 0.59 0.48 0.21 0.48 0.26
¢ Calculated from the equation given in ‘I, C. T.,”” Vol. III, p. 221.
TaBLE VI
. SysTEM BENZENE-BENZYL BENZOATE, PARTIAL PrESSURE OF CsHs IN MM.
Mole Av.
% CsHs t....50 60 70 80 90 95 100 A
50.14 132 191 269 364 493 583
100 A —1.25 —1.17 —1.23 —2.06 —1.85 —-0.77 1.39
61.90 169 240 337 465 627 730
100 A 0.69 —0.36 —0.63 —0.47 —0.49 —0.09 0.46
73.57 199 291 405 558 745 864
100 A 0.13 1.04 0.07 - 0.14 —0.60 —0.41 .40
80.22 216 317 443 608 822 945
100 A —0.22 1.06 0.32 0.10 0.29 —-0.20 .37
91.22 248 358 503 688 932 1074
100 A 0.63 0.58 0.24 —0.34 0.06 —0.28 36
100.00 270 390 550 757 1021 1181
Av. 100 A 0.38 0.84 0.50 0.62 0.66 0.35
TasLE VII
SvysTEM ETHYL ACETATE-BENZYL BENZOATE, PARTIAL PRESSURE OF ETHYL ACETATE IN MM,
Mole %
ethyl Av.
acetate t....50 60 70 80 90 95 100 A
50.27 154 224 324 451 608 705
100 A 3.95 3.19 4.00 3.81 3.35 3.47 3.63
67.50 199 295 424 589 798 932
100 A 2.57 2.91 -3.52 3.12 2.87 3.54 3.09
79.81 228 341 488 681 929 1079
100 A 0.47 1.57 1.93 1.84 2.09 2.43 1.72
89.43 261 376 543 751 1025 ...
100 A 2.47 0.31 1.53 . 0.62 0.96 1.18
100.00 284 419 597 834 1134 1312*
Av. 100 A 2.36 1.99 2.75 2.10 2.57 3.15

¢ Interpolated from a log p vs. 1/T plot of the values given in “I. C. T.,”’ Vol. III, p. 219.

method as a whole in the case of the solutions is
desirable. Further errors in addition to those
previously evaluated as inherent in the pressure
and temperature measurements, are of two sorts.
The first involves the assumption that the con-
tribution to the observed pressure of the partial
pressure of the benzyl benzoate or diphenyl is
negligible. This is clearly the case for benzyl
benzoate whose vapor pressure is below 0.5 mm.
even at 95°. The case of diphenyl requires fur-

ther consideration. The only vapor pressure
data at low temperatures for diphenyl available in
the literature are those quoted by Montillon,
Rohrbach and Badger'® for temperatures above
69.2°. From a smoothed curve through these
values the following vapor pressures were found:
0.56 mm. at 70°, 1.3 mm. at 80°, 2.5 mm. at 90°
and 3.3 mm. at 95°. These figures measure the es-

(13) Quoted in inches of mercury in Ind. Eng. Chem., 28, 764
(1931), as data from the Swann Chemical Company.
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caping tendency of the pure diphenyl. Since the
maximum concentration in the solutions is only 30
mole 9, diphenyl its escaping tendency will be ma-
terially lower in all cases. To attempt to estimate
the actual partial pressures would beg the question
at hand so that we will use the above figures to
estimate the error due to the volatility of the
diphenyl, realizing that they represent an extreme
and improbable upper limit. At 50, 60, 70, and
80° this greatest possible contribution to the
total pressure would be of the same order or less
than the other errors in the method already dis-
cussed. At 90 and 95° the total pressure could
be 0.49, greater than the partial pressure of ben-
zene for the 30 mole per cent. diphenyl solution.
These values could result in errors in the calcu-
lated mole per cent. of benzene from 0.2 to 0.3%
at 90 and 95°. These estimates apply only to the
highest diphenyl concentration at these tempera-
tures. For all lower concentrations at these
temperatures these greatest possible errors due to
this cause would be materially smaller. Again it
must be emphasized that these figures are based
on the improbable premise that the partial pres-
sure of diphenyl is the same from its 30 mole per
cent. solution in benzene as its vapor pressure
as a pure liquid.

The second type of errors are those due to the
possible errors in the composition of the solution
phase. The errors in weighing the components of
a given solution were much less than one per mille
and due precautions were taken that no serious
loss of the volatile component occurred on trans-
fer to the ebulliometer. This was weighed at the
beginning and end of each run and only inappre-
ciable losses in weight were found, indicating that
the condenser was effectively stopping loss of the
volatile component. Any possible error due to
the segregation of a small, more or less constant
fraction of the volatile component as it drained
down from the condenser was minimized by the
large volume of solution employed. The fact
that reasonable differences in the rate of heating
did not affect the boiling temperatures also in-
dicated that any error due to such fractional con-
densation was small.

An over-all check on the reliability of the
method was obtained by making two sets of dup-
licate runs with solutions of identical composition
in which different pressures and temperatures
were employed in each case. A sample of one
pair of these runs is given in Tables III and IV to-
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gether with the values of the pressures found in-
dependently from the smoothed curves for each
run, for each 5° interval. The average discrep-
ancy in the pressure readings for these two sets of
duplicate runs was 1.0 mm. with one difference
as great as 3 mm. These estimates indicate that
the average error in terms of the pressures for
these systems would be less than 2 mm. and that
occasional errors of 3 mm. might occur. The
presence of these errors could affect the values of
p/Po by 19, or less on the average at the low
pressures and by approximately 0.5 to 0.79, at
the higher pressures. This might result in values
of 100 A of these orders independent of any real
deviation from Raoult’s law. Furthermore, a
very few values of 100 A of twice this amount
might be expected. Examination of Tables V
and VI indicates that the values of 100 A are on
the whole less than these error limits would
indicate. Therefore these two systems obey
Raoult’s law within the limits of error over the
temperature and concentration ranges measured.

The deviations in the system ethyl acetate—ben-
zyl benzoate as shown in Table VII are from two
to three times greater than this experimental error
and are all positive indicating a real, though small,
positive deviation from Raoult’s law in this sys-
tem.

Discussion

Two assumptions are necessary for the deriva-
tion of Raoult’s law on simple statistical grounds :'4
first, that the two molecular species have closely
similar molecular fields and second, that they
have the same size. In the system benzene—
diphenyl the first of these conditions is fulfilled
but not the second. Since benzyl benzoate con-
tains the carbonyl and ether groups, both of which
are polar and should have a different field than
that of benzene, it might appear that neither of
the conditions are fulfilled in the benzene-benzyl
benzoate system. It is probable, however, that
the major portion of the contacts with neighboring
benzene molecules will be made by the phenyl
rings and that these will shield the ester group
and will to a large extent determine the character
of the external molecular field of the molecule.
Its field should thus be similar to that of the ben-
zene. :

The present measurements taken in comjunc-
tion with the solubility determinations of War-

(14) Hildebrand, THis JOURNAL, 59, 795 (1937),
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ner, Scheib and Svirbely'® and the freezing point
determinations of Washburn and Reade! in-
dicate that the system benzene—diphenyl approxi-
mates fairly closely to the ideal over a large range
of temperature. Furthermore, determinations
of the lowering of the freezing point of benzene by
benzyl benzoate made by Kendall and Booge!
indicate that the system benzene-benzyl ben-
zoate remains approximately ideal at consider-
ably lower temperatures than those of the present
measurements.

The system ethyl acetate-benzyl benzoate
shows small but definite positive deviations from
Raoult’s law which persist substantially un-
changed over a considerable temperature range.
Two factors appear to be of importance in this
case. In the first place contacts will be largely
between the alkyl groups of the ethyl acetate
and the phenyl groups of the benzyl benzoate.
It is probable that the fields of these would be
dissimilar as the solubility!* of diphenyl in hep-
tane deviates greatly from the ideal. Second, the
shielding of the polar ester group in ethyl acetate
is less complete than in benzyl benzoate. It is
probable that this group accounts for an appre-
ciable portion of the attractive forces between
ethyl acetate molecules themselves. When these
are surrounded in part by benzyl benzoate mole-

(15) Warner, Scheib and Svirbely, J. Chem. Phys., 2, 591 (1934).

(16) Washburn and Reade, Proc. Nat. Acad. Sci., 1, 191 (1915).
(17) Kendall and Booge, THis JOURNAL, 88, 1712 (1916).
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cules it would seem probable that the separation
between the polar ester groups in the two mole-
cules of unlike size would be greater and their
mutual attractions smaller. As a consequence the
ethyl acetate molecules would show a higher
escaping tendency.

If this analysis of the situation in these systems
is correct it would indicate that differences in the
volume of the components of a system are of
secondary importance as determining its devia-
tion from Raoult’s law in comparison with dif-
ferences in the effective molecular fields. The
effective fields will be those of the component
atoms or groups in the molecules which are most
frequently in contact.

Summary

The total vapor pressures of the systems ben-
zene—diphenyl, benzene-benzyl benzoate and ethyl
acetate-benzyl benzoate have been determined
from 50 to 95° over limited ranges of concen-
tration. The bearing of these measurements on
the validity of Raoult’s law as applied to these
systems is discussed. The benzene-diphenyl and
benzene-benzyl benzoate systems follow Raoult’s
law within the limits of the experimental error.
The ethyl acetate-benzyl benzoate system shows
deviations several times larger than the experi-
mental error, indicating a slight, but real, positive
deviation from Raoult’s law.

DuraaMm, N. C. RECEIVED MARCH 31, 1938
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Photochemical Interaction between Ketones and Alcohols

By CH. WEIZMANN, ERNST BERGMANN AND YEHUDA HIRSHBERG

Ciamician and Silber! were the first ones to
observe that ketones and (primary or secondary)
alcohols, under the influence of light, may undergo
a process of mutual oxidation and reduction. But
although the amount of available experimental ma-
terial is not small,? the elementary photochemi-
cal processes, apparently, have not yet been elu-
cidated. In comnnection with other experiments
which will be referred to later on, we have started
an investigation of the questions concerned, pri-

(1) (a) Ciamician and Silber, Ber., 33, 2911 (1900); (b) 34, 1537
(1901); (c) 386, 1575 (1903); (d) 43, 945 (1910); (e) 44, 1280 (1911);
(f) 45, 1540 (1912); (g) 47, 1806 (1914); (h) 48, 190 (1915).

(2) (a) Baeyer and Co., German Patent 297,993 (1921); (b) Cohen,
Reéc. tray. chim., 39, 243 (1921); (c) Paternd, Chieffi and Perret, Gazz.
chim. ital,, 44, 1, 151 (1914),

marily of the reaction products in some typical
cases

Acetophenone and butanol on irradiation with
the mercury arc give the pinacol of the former
substance, butanol being dehydrogenated to
form butyraldehyde according to the scheme

CsHa\

cHy

2

CiHs_ /CoH;
CHCHCH,CHO + >
CHY | | \CH,
OH OH
Fifty per cent. of the theoretical amount of the
aldehyde could be traced by titration according
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to Wagner.® It is interesting to note that both
_the diastereomerides of the pinacol, but to quite
a different extent, are contained in surprisingly
large yields in the solid product which is formed;
their separation could be effected by fractional
crystallization from light petroleum (b. p. 80—
100°). '

Acetophenone and cyclohexanol on irradiation
gave the diastereoisomerides of acetophenonepina-
col and cyclohexanone. Here, the cyclohexanone
was determined in the mixture with excess cyclo-
hexanol by Girard’s reagent (trimethylammonium
chloride acethydrazide)* which converts the
ketone into a water-soluble, easily decomposable
derivative. The amount of cyclohexanone found
was as high as 809, of the theoretical yield.

In an analogous way acetophenone reacts with
phenylmethylcarbinol to give the same mixture
of pinacols. All these interactions parallel the
known reaction between acetophenone and ethyl
or isopropyl alcohol. In the same way, pinacol
has been obtained from acetone and isopropyl
alcohol.*

The system cyclohexanone-cyclohexanol gives
cyclohexanone pinacol only in poor yield. This
substance® could not be obtained in an analytically
pure state, but its identity has been proved by
conversion into dicyclohexenyl.® Obviously, one
cannot yet decide whether the above system is
relatively inert or a complete exchange of two
hydrogen atoms takes place, which would give
again the original mixture of reactants.

Finally, the pair acetone-butanol was irradi-
ated. Three substances have been isolated in
pure state: two isomeric forms of sym-dipropyl-
glycol, C;H;CHOHCHOHC;H; (one liquid, one
solid) as half-oxidation products of butyl al-
cohol and ‘the trimeric form of butyraldehyde.
In addition butyraldehyde and isopropanol were
found in the first fractions of the reaction product.
The question as to whether part of the acetone
was converted into pinacol could not be decided,
since no pure fraction consistent with its proper-
ties has been isolated. The balance of the con-
cerned oxidation and reduction processes gave
satisfactory results.

The characteristic feature of all these reactions
is the reducing power of hydrogen H* on the
carbon atom of a (primary or secondary) alcoholic

(3) Wagner, Biockem. Z., 194, 441 (1928).

(4) Girard and Sandulesco, Helv. chim. acta, 19, 1095 (1936).

(5) Zelinsky, Ber., 34, 2801 (1901).

(6) De Barry-Barnett and Lawrence, J. Chem. Soc., 1104 (1935).
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group, —CH*OH. That the hydrogen of the
hydroxyl group itself is relatively insignificant
may be concluded from the fact that ethers be-
have similarly toward ketones.” The primary
step, however, in all these cases is most probably
not the loosening of this hydrogen atom. This
may be deduced from the following consideration.
If irradiation would cause the loosening or dis-
sociation of the C-H* bond—which is even for
thermodynamical reasons highly improbable—
then irradiation of an optically active secondary
carbinol like phenylmethylcarbinol should lead to
racemization, free radicals of the CsH;CHCH;
type being configurationally unstable.® There
is no change in rotation to be observed on ir-
radiation of the optically active carbinol; but if a
mixture of acetophenone and the carbinol is ir-
radiated, the mixture of the epimeric aceto-
phenone pinacols is found inactive, although one
of them could have been formed in active state.?
We therefore come to the conclusion that the
first step in the irradiation of the above-discussed
mixtures is the activation of the carbonyl com-
pound, e. g., leading to a diradical form.!® This
form reacts with the carbinol, splitting the C-H*
bond and giving two radicals

R R
1>C~O + 3>C—0H —
Ryt i Ry |

H*

R1 R3
NC—OH* SC—OH
Ry TR \O

2 N Rl

which subsequently stabilize by symmetrical or
unsymimetrical dimerization or by a second oxi-
dation-reduction process. It is not easy to fore-
see which stabilization reaction will actually occur
in a given case; here the relative stability of the -
intermediate radicals will play an important part.
It may well be that hemiacetal formation which
takes place between carbonyl and hydroxyl com-
pounds plays also a certain role in the course of
the photocondensation, but it cannot be essential,
since, according to the investigations of K. L.

(7) Ciamician and Silber, Ber., 34, 1541 (1901); 44, 1554 (1911);
48, 194 (1915); Paternd and Chieffi, Gazz. chim. ital., 40, 1I, 321
(1911); Bergmann and Fujise, Ann., 483, 65 (1930).

(8) Pauling and Wheland, J. Chem. Phys., 1, 362 (1933);
mann and Schuchardt, Ann., 487, 225 (1931).

(9) It is noteworthy that the part of the carbinol recovered un-
changed from that experiment shows practically the original rotation,
a slight decrease possibly being due to a certain complete hydrogen
exchange between the ketone and the secondary alcohol. .

(10) For this assumption, compare Bodenstein, Sitzungsber.
Preuss. Akad. Wiss., 73 (1931); Z. physik. Chem., B12, 151 (1931);*
Farkas and Hirshberg, THis JoURNAL, 59, 2450 (1937); Hirshberg
and Farkas, ibid.. §9, 2453 (1937). \

Berg-
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Wolf and Herold,'! some of our pairs of com-
pounds are unable to form hemiacetals.

The photochemical mobilization of the hydrogen
in-an-alcoholic group is of interest with regard to
the mechanism of ergosterol irradiation. At vari-
ance with the assumption of Spring'? that this im-
portant reaction involves primarily epimerization
at C;, Windaus and Dimroth!? were able to demon-
strate that the secondary hydroxyl group at Cs is
actually not influenced by irradiation, while in
the presence of eosin, which acts as hydrogen
“acceptor,” the well-known conversion of ergos-
terol into ergopinacol occurs.”*®**  This reaction,
undoubtedly, is rather complex in nature but
here -too, the primary step appears to be the
loosening of the H* atom in the secondary alco-
holic group in the presence of the activated “‘ac-
ceptor” molecule.

Experimental Part

Acetophenone and Butanol.—The irradiation product
was fractionated. In the first fraction (b. p. 110-120°)
butyraldehyde has been determined, as described above.
The main part of this fraction was unchanged butyl alco-
hol: 0.74 g. was heated with 1.93 g. of p-nitrophthalic
anhydride and 5 cc. of toluene for twelve hours on the
water-bath. The solid product was collected and re-
crystallized from 209, acetic acid: leaflets, m. p. 146°,
which were identified by mixed melting point as butyl
hydrogen p-nitrophthalate.

The second fraction (b. p. 80-110° at 20 mm.) consisted
of acetophenone, the third one (b. p. 205-210° at 25 mm.)
was a viscous oil, which crystallized immediately on tritu-
ration with light petroleum (b. p.40-60°). The solid prod-
uct on recrystallization from light petroleum (b. p. 80-
100°) gave first prisms, m. p. 123°, which were identified
as acetophenone pinacol® by mixed melting point and
analysis. The mother liquor was treated with petroleum
ether, and the precipitate (m. p. 85-95°) recrystallized
from petroleum ether (m. p. 80-100°); diamond-shaped
crystals, m. p. 122-123°. This substance was again iden-
tified as isomeric acetophenone pinacol by mixed m. p.
and analysis.

Cyclohexanone and Cyclohexanol.—After removal of
cyclohexanone and cyclohexanol, a viscous residue was
obtained, boiling at 130-131° (20 mm.), 90° (0.04 mm.).
It was identified by analysis and conversion into dicyclo-
hexenyl.®

Amnal. Caled. for C2H220,: C, 72.7; H, 11.0. Found:
C, 72.5,72.4; H, 10.2, 10.5.

(11) K. L. Wolf and Herold, Z. physik. Chem., B5, 124 (1929);
12, 165, 194 (1931). .

(12) Spring, Chemistry & Indusiry, 68, 837 (1936).

(13) (ay Windaus and Dimroth, Ber., 70, 376 (1937).
pare Dimroth, dbid., 69, 1123 (1936).

(14) Dehydroergosterol, lumisterol and dehydrocholesterol be-
have analogously. Windaus and Iinsert, Ann., 465, 148 (1928);
Urushibara and Ando, Chem. Zentralbl., 109, I, 2982 (1937)_.

(15) Beilstein, Vol. VI, p. 1011; Supplementary Vol. VI, p. 493.

(16) Ramart-Lucas and Salmon-Legagneur, Bull. soc. chim., [4]
45, 718 (1929).

(b) Com-
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Acetone and Isopropanol.—The pinacol formed distilled
at 60-65° (2 mm.) and was identified as its crystalline
hydrate, m. p. 50°.7

Acetone and Butanol.—The reaction product was di-
vided into five fractions: (a) b. p. 50-70° (760 mm.) ace-
tone. (b) b. p. 78-80° (760 mm.). This fraction con-
tained 29.19%, isopropanol, as found after oxidation with
chromic acid by Messinger’s method for the determination
of acetone,!® which would not be present in this fraction,
and 45% butyraldehyde. (c) b. p. 95-120° (760 mm.).
This fraction was mainly butyl alcohol, but still coritained
2.7% isopropanol. (d) b. p. 110-115° (25 mm.). Liquid
sym-di-n-propyl-glycol. Anal. Caled. for CgHjs0:: C,
65.7; H, 12.3. Found: C, 65.2; H, 123. (e) b. p.
140-150° (256 mm.). This fraction immediately sepa-
rated crystals, which could be isolated by trituration
with ice-cold petroleum ether (b. p. 40-60°). From the
same solvent leaflets, m. p. 121°, with some sublimation,
were obtained. Analysis showed that this substance was
a solid isomer of the foregoing one. Anal. Caled. for
CsHyis0,: C, 65.7; H, 12.3. Found: C, 65.0; H, 12.3.

The mother liquor of the crystals was again distilled %
vacuo, the first portion being rejected as containing some
more of the above crystals. The fraction b. p. 95° (0.3
mm.), #1-5p 1,4640, was analytically identified as p-butyr-
aldehyde. Amnal. Caled. for (C;Hs0);: C,66.7; H, 11.1.
Found: C,66.4; H, 11.1.

Experiments with Optically Active Phenylmethylcarbi-~
nol.—An equimolecular mixture of phenylmethylcarbinol
([e]p +23.6°) and acetophenone (2 g. of each) was irradi-
ated for about two hundred hours with a small mercury arc
lamp and the mixture gradually turned yellow. Frac-
tionation gave a mixture of the unchanged reactants (1.2
g.; b.p.40-60° at 0.04 mm.) and a residue which crystal-
lized on trituration with light petroleum (2.57 g.) and could
be identified by the method of fractional crystallization
indicated above! as mixture of the two acetophenone pina-
cols. While this mixture was optically inactive, the rota-
tion of the liquid fraction amounted to ap 9.05°, Under
the assumption that this liquid product was still an equi-
molecular mixture of acetophenone and phenylmethyl-
carbinol, the specific rotation of the latter substance would
be [a]p 4+18.1°.

Irradiation of pure phenylmethylcarbinol for about
two hundred hours failed to produce an appreciable de-
crease in rotation (19.2 —>~ 18.6°), only a slight yellowish
discoloration taking place.

Summary

The irradiation of the following pairs of com-
pounds has been studied: acetophenone-butanol,
acetophenone—cyclohexanol, acetophenone-phen-
ylmethylcarbinol, cyclohexanone—cyclohexanol,
acetone—butanol.

Optically active phenylmethylcarbinol is not
racemized by ultraviolet light, but in the pres-
ence of acetophenone an optically inactive prod-
uct is formed.

An activated ketone molecule reacts with the

(17) Beilstein, Volume I, Berfin, 1918, p. 488.
(18) Messinger, Ber., 21, 3368 (1888).
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C-H bond of an alcoholic group, giving two
configurationally unstable radicals. They stabi-

lize by disproportionation or dimerization.

The significance of the results for the photo-
chemical behavior of ergosterol is discussed.

REHOVOTH, PALESTINE RECEIVED MARCH 12, 1938

[CoNTRIBUTION FROM THE CoBB CHEMICAL LABORATORY, UNIVERSITY OF VIRGINIA]

Studies in the Phenanthrene Series. XVII. Amino Alcohols Derived from 9-
- Hydroxy-1,2,3,4-tetrahydrophenanthrene’

By ALFRED BURGER

Some of the amino alcohols of types I

H,

H H
and II derived from 1,2,3,4-tetrahydro- He |H2 He \‘<B1 HQ/\‘<NR
phenanthrene? have been found to possess Y—0 ’
relatively favorable pharmacological proper- /\|/ \( |/ /\’/\O 7 \(\O

The 1,2,3,4-tetrahydroisoquinolino deriva- A w/ NN 4
tive of type I, for example, approaches co- OR/ OR' OR'
deine and pseudocodeine in analgesic action. I l v v l
The corresponding derivative of type II is H, . H, -
weaker in analgesic effect, but does not ex- < Hz/\< Hy” <
hibit any convulsant and emetic action. In CHiNR, CH.NR, ng
morphine, the phenolic hydroxyl group is < l < '
undoubtedly an important factor influencing /\I/\r ( 1/\/ OH /\I \| OH
the high analgesic effect of this alkaloid,* -
and therefore it appeared desirable to syn- NN \/\l/ A |/
thesize amino alcohols of types I and II OR/ OR/ OR'

VII VIII VI

carrying a phenolic hydroxyl group in one

of the aromatic nuclei. The synthesis of the

H NR, H CH,NR,
HO HO
N/
| |
Y [ Y\ ;
\J A4 \/
I

first group of amino alcohols with these structural
features was planned as shown.

The starting materials for these syntheses, ITI
(R’ = H, CH;, CH;CO) are relatively easily ac-
cessible.5

(1) The work reported in this paper is part of a unification of ef-
fort by a number of agencies having responsibility for the solution
of the problem of drug addiction. The organizations taking part are:
The Rockefeller Foundation, the National Research Council, the
U. S. Public Health Service, the U. S. Bureau of Narcotics, the Uni-
versity of Virginia and the University of Michigan.

(2) (a) Mosettig and Burger, Tais JOURNAL, 57, 2189 (1935);
(b) Burger and Mosettig, #bid., 88, 1570 (1936).

(3) Mosettig, Eddy and co-workers, ‘“Attempts to Synthesize
Substances with Central Narcotic and, in Particular, Analgesic Ac-
tion,” Supplement to the U. S. Public Health Reports, in press.

(4) Edmunds, Eddy and Small, J. Am. Med. Assoc., 103 1417
(1934).

(5) Kon and Ruzicka, J. Chem. Soc., 187 (1936).

The preparation of IV (R’ = H, CHj) did not
offer any difficulties; only monobromo compounds
were obtained. Attempts to exchange the bro-
mine atom in IV (R’ = H) with secondary amines
were without success. With R’ = CHj;, however,
the reaction resulted in the expected amino ke-
tones in yields that varied according to the sec-
ondary amine used. With piperidine the corre-
sponding amino ketone V (Ry = CsHyy) was ob-
tained in a yield of about 609, while 1-hydroxy-
9-methoxyphenanthrene appeared as a by-prod-
uct. When diethylamine was used the amino ke-
tone was formed in yields of about 30%); in this
instance the formation of 1-hydroxy-9-methoxy-
phenanthrene by loss of hydrogen bromide and
subsequent aromatization seems to be a main re-
action, perhaps accompanied by the simultaneous
formation of III.6

Unfortunately, catalytic hydrogenation under
various experimental conditions did not furnish
the corresponding amino alcohols VI, since the
hydrogen absorption would not stop at thisstage.

(6) Compare footnotes 5 and 6 of Ref. 2a.
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An excess of one to four moles of hydrogen was
absorbed, and it was impossible to isolate any
homogeneous reaction products.

- The amino ketones of type VII were obtained
by the Mannich method’ in yields varying from
20~70%, depending on the nature of NR; and R’
(CH; or CH,CO). Catalytic hydrogenation
yielded the corresponding amino alcohols VIII.
In each case only one of the two possible diastereo-
isomeric forms was obtained.

Further experiments that should lead to isomeric
phenolic amino alcohols of types VI and VIII are
in progress.

Experimental Part

Derivatives of 1-Keto-9-hydroxy-1,2,3,4-tetrahydro-
phenanthrene.—The reduction of g-[1-(4-methoxynaph-
thoyl) ]-propionic acid® was carried out by the technique of
Martin.® Five per cent. of glacial acetic acid by volume
was added to the reaction mixture.’ Commercial mossy
zinc proved to be superior to other grades. The properties
of the v-[1-(4-methoxynaphthyl)]-butyric acid, obtained
in a yield of 509, agreed with those described by Martin®
and by Kon and Ruzicka.?

It was hoped that the yield of the butyric acid derivative
could be improved by reducing the methyl ester of 3-[1-
(4-methoxynaphthoyl) ]-propionic acid catalytically. This
ester was prepared from the acid with diazomethane in
ether solution, or by the action of dimethyl sulfate in
sodium hydroxide solution. It was recrystallized from
dilute methanol, giving colorless needles, m. p. 42-43°.

Anal. Caled. for CicHi7O4: C, 70.29; H, 6.28. Found:
C, 70.46; H, 5.96.

In alcoholic solution, using a 169, palladium-charcoal
catalyst, this ester absorbed more than two moles of hy-
drogen very slowly. Forty per cent. of the starting ma-
terial was recovered unchanged, and the remaining acid,
obtained by saponification of the mother liquors, was oily.

Hydrogen under high pressure at 100° in the presence
of a chromite catalyst did not attack the ester in four
hours. In other experiments (156, 185 and 210° for six
hours, respectively) a mixture was obtained that melted
from 104-108°. Repeated crystallization from methanol
raised the m. p. to 120-122°, This substance appears in
colorless leaflets, but is not entirely pure. Its behavior in
alkaline solution and its analyses indicate that it repre-
sents a methoxytetrahydronaphthyl-y-butyrolactone. No
further efforts in this direction were made.

1 - Keto - 9 - acetoxy - 1, 2, 3, 4 - tetrahydrophenan-
threne.—Ten grams of 1-keto-9-hydroxy-1,2,3,4-tetra-
hydrophenanthrene® was allowed to react with acetic an-
hydride (15 ml.) in pyridine solution (30 ml.) for forty-
eight hours. Large crystals separated and were filtered.
The mother liquor was evaporated in a vacuum, and the

(7) Mannich and co-workers, Ber., 53, 1874 (1920); 55, 3510
(1922); Arch. Pharm., 256, 261 (1917); 275, 54 (1937); Bodendorf
and Koralewski, ibid., 271, 101 (1933).

(8) Fieser and Hershberg, THis JoURNAL, 58, 2314 (1936).

(9) Martin, ibid., 58, 1438 (1936).

(10) Private communication by Dr. E. B. Hershberg.
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residue was combined with the crystals. The product was
purified by distillation in a high vacuum, and recrystal-
lization.

1 - Keto - 2 - bromo - 9 - methoxy - 1,2,3,4 - tetrahydro-
phenanthrene.—Ten grams of 1-keto-9-methoxy-1,2,3,4-
tetrahydrophenanthrene was dissolved in 250 ml. of abso-
lute ether, and 2.4 ml. of bromine was added. Two milli-
liters of a saturated ethereal solution of hydrogen chloride
was added to initiate decoloration which was complete
after about five minutes. The bromo ketone crystallized
out, was filtered, washed with methanol and water, and
purified by crystallization.

1-Keto - 2 - diethylamino - 9 - methoxy - 1,2,3,4 - tetra-
hydrophenanthrene.—FEight grams of 1-keto-2-bromo-9-
methoxy-1,2,3,4-tetrahydrophenanthrene was boiled under
reflux with 20 g. of diethylamine in 80 ml. of benzene for
five hours. A crystalline precipitate separated out after
some time. Water was added to the reaction mixture, and
the free diethylamino ketone was obtained by the addition
of alkali to the aqueous solution. The crude diethylamino
ketone melted at 90-95°. It was converted to the hydro-
chloride in acetone solution. From the benzene layer, 1-
hydroxy-9-methoxyphenanthrene was obtained as de-
scribed below.

1 - Hydroxy - 9 - methoxyphenanthrene.—The benzene
layer (see above) was evaporated in a vacuum, and the
residue was boiled with a 5%, methyl alcoholic potassium
hydroxide solution for ten minutes, The solvent was
evaporated in a vacuum, the residue was dissolved in
water and the filtered solution was acidified. The 1-
hydroxy-9-methoxyphenanthrene precipitated as an oil
which soon solidified (1.9 g.). It was purified by distilla-
tion in an oil-pump vacuum and crystallization from ben-
zene—petroleum ether. Colorless needles were obtained,
m. p. 131-132°,

Anal. Caled. for CisHp20,: C, 80.32; H, 5.40. Found:
C, 80.76; H, 5.66.

1-Acetoxy-9-methoxyphenanthrene.—One and nine-
tenths grams of 1-hydroxy-9-methoxyphenanthrene was
boiled with 30 ml. of acetic anhydride and 2 g. of anhydrous
sodium acetate for three hours. The mixture was decom-
posed with water, and the acetylation product was purified
by distillation at § mm. pressure and crystallization from
alcohol; fine, colorless needles, m. p. 154.5-155.5°; yield
2g.

Anal. Caled. for CyyH140;5: C, 76.66; H, 5.30. Found:
C, 76.52; H, 5.04.

Attempts to oxidize this compound to l-acetoxy-9,10-
phenanthrenequinone failed.

1,9-Dihydroxyphenanthrene.—One part of 1l-acetoxy-
9-methoxyphenanthrene was boiled under reflux with
twenty parts of a mixture of 489, hydrobromic acid and
glacial acetic acid (1:1) for one hour. The reaction
mixture was poured into water, and a pink crystalline pre-
cipitate separated out. It was dissolved in cold dilute
potassium hydroxide solution which contained some
sodium sulfite. The dihydroxy compound obtained
by acidification was purified by distillation in a high
vacuum and recrystallization from benzene. The com-
pound was obtained as light brown plates which sinter at
181° and melt at 184-185° (evac. tube).
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TaBLE 1
Yield, Carbon, % Hydrogen, % Nitrogen, %

No. Derivatives of 1,2,3,4-tetrahydrophenanthrene Solvent Appearance % M. p., °C. Formula Caled. Found Caled. Found Caled. Found
1 1-Keto-9-acetoxy- n-Butanol Colorless needles 83 159-160 © Ci6H140s 75.56 75.15 5.55 5.34
2 1-Keto-2-bromo-9-methoxy- n-Butanol Yellow plates 88 174-175 CisH1sBrO: 59.01 59.53 4.30 4.26
3 1-Keto-2-bromo-9-hydroxy-% Methanol Yellow leaflets Above 330 C14H1iBrO: 57.73 56.99 3.81 3.72
4 1-Keto-2-diethylamino-9-methoxy—HCI Alcohol-ether Colorless light needles 27 128-138 (dec.) CisH2CINO: C1,10.63 10.27
5 1-Keto-2-piperidino-9-methoxy—HC1? Alcohol—-ether Colorless 63 Sinters 246 CioH24CINO: 69.43 69.45 7.00 7.14 4.06 4.32

258-261 (dec.)
6 1-Keto-2-(1,2,3,4-tetrahydroisoquinolino)-methyl-9-

: methoxy—HCI Methanol-ether Yellow spears 46 176-177 (dec.) CaH2CINO: 3.44 3.76
7 -Perchlorate® " Methanol-ether Yellow 135-150 (dec.) C2H2CINOs 2.97  3.12
8 1-Hydroxy-2-(1,2,3,4-tetrahydroisoquinolino)-methyl-9- -

methoxy- Methanol Colorless needles 137-138¢ CasH27N Oq 80.38 80.63 7.29 7.32

9 -Hydrochloride Alcohol-ether Colorless 90 211 CosHosCINO: 73.22 73.07 6.89 6.99
10 1-Acetoxy-2-(1,2,3,4-tetrahydroisoquinolino)-methyl-9-

methoxy—HC1 . Alcohol—ether Colorless 200-201 (dec.) CeHzCINOs 71.73 71.98 6.70 6.41

11 1-Keto-2-(1,2,3,4-tetrahydroisoquinolino)-methyl-9-acetoxy-¢ Methanol Almost colorless needles 144 Ca2cH2sN O3 78.15 77.86 6.31 6.33

12 -Hydrochloride Alcohol-ether Colorless rhombic plates 72 167-168 (dec.) CzH2CINOs 3.22 3.21

13 1-Hydroxy-2-(1,2,3,4-tetrahydroisoquinolino)-methyl-9-

acetoxy—HCI1 Methanol—ether Colorless prisms 90 234235 (dec.) C2H2CINO:; 71.28 71.00 6.45 6.35

14 1-Hydroxy-2-(1,2,3,4-tetrahydroisoquinolino)-methyl-9-

hydroxy-f Methanol Colorless 213(dec.)(vac.) CosHasNO: 80.17 79.96 7.02 7.03

15 -Hydrochloride? Alcohol Crystal powder 75 225-227 (dec.) C2HCINO:2 72.79 72.63 6.62 6.56

16 1-Keto-2-diethylaminomethyl-9-methoxy- Methanol Colorless prisms 41 83 C20H2:NO2 77.12 77.38 8.10 8.22 4.50 4.68

17 -Hydrochloride Alcohol—ether Colorless prisms 160-161 C20H26CINO2 4.03 3.97

18 1-Hydroxy-2-diethylaminomethyl-9-methoxy—HCI Alcohol—ether Colorless square plates 86 190 (dec.) C2H2sCINO: 68.63 68.48 8.07 7.92

19 1-Acetoxy-2-diethylaminomethyl-9-methoxy—HCI1 Alcohol—ether Glittering prisms 165-166 (dec.) C22H3CINOs; 67.40 67.67 7.72 7.57

20 1-Keto-2-diethylaminomethyl-9-acetoxy—HCI* Alcohol—-ether Colorless prisms 20 146-147 C2aH26CINOs 3.73 3.76

% Bromination of 1-keto-9-hydroxy-1,2,3,4-tetrahydrophenanthrene was carried
out as in the case of no. 2. A mixture of chloroform and ether (5:1) was used as a
solvent. The bromo compound turned dark at 190°, the light color returned at
210° and the sample did not melt below 330°. ° Prepared analogously to no. 4.
The free piperidino ketone, prepared from the hydrochloride, was recrystallized
from methanol: brown needles which darken rapidly in air, m. p. 112-113°. Also
in this case, 1-hydroxy-9-methoxyphenanthrene was obtained as a by-product in
the preparation of the piperidino ketone. ¢ Prepared from the free base with
ethereal perchloric acid. ¢ After drying at 100° in a high vacuum. ° Prepared
from no. 12 with dilute ammonium hydroxide solution. / Prepared by making

the acid mother liquors of the crude no. 15 alkaline with sodium bicarbonate solution
and extraction into ether. The pure substance melted at 195-196° (decomp.)
in an open tube. Methylation with diazomethane in alcohol-ether solution yielded
the methyl ether, m. p. 129-131°, identical (mixed m. p.) with no. 8. ? One part
of no. 13 was heated with 3 parts of an 8%, methyl alcoholic potassium hydroxide
solution for a few minutes, the solution was diluted with water and acidified with
hydrochloric acid. The tarry hydrochloride precipitated out. It was separated
from the mother liquor by decanting, and it crystallized on treatment with acetone.
» The mother liquors from the preparation of this salt contained dark basic and
non-basic by-products of elevated m p.
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Anal. Caled. for C1sH10s: C, 79.97; H, 4.80. Found:
C, 80.13; H, 5.08.

1,9-Diacetoxyphenanthrene.—A sample of 1,9-dihydroxy-
phenanthrene was allowed to react with acetic anhydride
in pyridine solution overnight. The diacetoxy compound
was purified by distillation in the vacuum of an oil pump
and crystallization from dilute alcohol, resulting in fine,
colorless needles, m. p. 154-155°.

Anal. Caled. for CisHiO4: C, 73.44; H, 4.80. Found:
C, 72.87; H, 4.80.

1,9-Dimethoxyphenanthrene.—One and  six-tenths
milliliters of dimethyl sulfate was added dropwise to a mix-
ture of 0.3 g. of 1-hydroxy-9-methoxyphenanthrene, 1.45
ml. of 60% potassium hydroxide solution and 10 ml. of
acetone, with vigorous stirring in the course of ten min-
utes.!! After another ten minutes, the dimethoxy com-
pound was precipitated with water and purified by distilla-
tion in an oil-pump vacuum and crystallization from
methanol; colorless oblong plates resulted, m. p. 113-114°,
The yield was nearly quantitative.

Amnal. Caled. for C;gHiO,: C, 80.63; H, 5.93. Found:
C, 80.68; H, 6.38.

Preparation of Amino Ketones by the Mannich Reac-
tion.—One mole of 1-keto-9-methoxy- or 1-keto-9-
acetoxy-1,2,3,4-tetrahydrophenanthrene was boiled with
1.2 to 1.4 moles of the hydrochloride of the respective
secondary amine and 3 moles of para-formaldehyde in 4 to
7 parts of isoamyl alcohol for four to five minutes. The
hydrochlorides of the amino ketones precipitated as oils on
addition of ether. These oily salts either solidified and
could be filtered out, or, as in the case of the easily soluble
diethylamino derivatives, they were extracted into water.
The amino ketones were liberated and purified by crystal-
lization or by conversion to a crystalline salt. The hydro-
chlorides of the less soluble amino ketones often can be
separated from some unchanged hydrochloride of the
respective secondary amine by their insolubility in cold
water. Washing with acetone frequently removes colored
impurities.

Preparation of Amino Alcohols.—The hydrochlorides of
the amino ketones were hydrogenated, using a platinum
oxide catalyst in methanol solution. One mole of hydro-
gen was absorbed in two to sixteen hours. The catalyst
was filtered, and the solution concentrated in a vacuum.
The hydrochlorides of the amino alcohols crystallized
directly from the solution, or .after addition of ether, and
were purified by recrystallization.

The acetyl derivatives of the amino alcohols were ob-

(11) Cf. Stevens and Tucker, J. Chem. Soc., 128, 2140 (1923).
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tained by allowing the free alkamines or their hydrochlo-
rides to react with acetic anhydride in pyridine solution
overnight. The solutions were then evaporated in a
vacuum and the acetyl derivatives were converted into the
hydrochlorides in the usual way.

Oxime of 1-Keto-9-methoxy-1,2,3,4-tetrahydrophenan-
threne.—Ten grams of 1-keto-9-methoxy-1,2,3,4-tetrahy-
drophenanthrene, 6 g. of hydroxylamine hydrochloride, and
7.5 g. of barium carbonate in 170 ml. of alcohol were boiled
for four hours., The barium salts were filtered from the
hot solution, and the oxime was allowed to crystallize from
the filtrate; yield, 9.7 g. of shining needles (from alcohol),
m. p. 174-175°. '

Anal. Caled.
6.08.

1 - Amino - 9 - methoxy - 1, 2, 3, 4 - tetrahydrophenan-
threne.—A solution of 9.5 g. of the oxime of 1-keto-9-
methoxy-1,2,3,4-tetrahydrophenanthrene in 500 ml. of
moist ether was allowed to react with 30 g. of aluminum
amalgam for forty-eight hours. The mixture was filtered
and the aluminum sludge was washed repeatedly with
warm ether. The ethereal solution was extracted with
dilute hydrochloric acid. An insoluble yellow hydro-
chloride (5.8 g.) precipitated and was filtered off. The
clear aqueous solution was made alkaline, the oily amine
was extracted into ether, and converted to the hydrochlo-
ride (1.1 g.) in the customary way. It was recrystallized
from methanol as colorless needles, m. p. 291° (dec., evac.
tube).

Anal. Caled. for C;;HisCINO: C, 68.28; H, 6.88; N,
5.31. Found: C,6842; H,7.39; N, 5.33.

The insoluble hydrochloride could be recrystallized from
400 parts of alcohol. It appeared as a poorly crystalline
material that turned yellow on drying.

for ClaHmNOzI N, 5.81. Found: N,

Summary

The synthesis of several tertiary 1-hydroxy-2-
aminomethyl - 1,2, 3,4 - tetrahydrophenanthrenes,
carrying in position 9 a phenolic hydroxyl, a
methoxy or acetoxy group, is described. A num-
ber of derivatives of 1,9-dihydroxyphenanthrene
were obtained from 1-hydroxy-9-methoxyphenan-
threne, which is formed in a side reaction in the
exchange of the bromine atom of 1-keto-2-bromo-
9-methoxy-1,2,3,4-tetrahydrophenanthrene with
secondary amines.

UNIVERSITY, VIRGINIA RECEIVED MayY 9, 1938
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[CoNTRIBUTION FROM THE NATIONAL INSTITUTE OF HEALTH, U. S. PUBLIC HEALTH SERVICE]

A Suggestion for N aming the Higher Carbon Sugars!

By C. S. HubsoN

When the initial syntheses by Emil Fischer of
higher carbon aldoses in the heptose, octose and
nonose series were in progress it became necessary
to name the new sugars by some general plan.
He named them (1) according to the hexose from
which they were made (p-gluco, b-manno, p-gala,
etc.) and (2) according to the number of carbon
atoms in the sugar chain (heptose, octose, nonose);
such is the historical origin of the names p-gluco-
heptose, D-galaoctose, etc.? Since the cyanohy-
drin synthesis yields two p-glucoheptoses from
D-glucose, it was necessary for Fischer to dis-
tinguish between them, which he did later® by
the provisional symbols « and B, given empirically
in the order of isolation. Subsequently Philippe*
synthesized several more of the higher carbon
sugars obtainable from bD-glucose and found it
necessary in the octose and higher series to ex-
pand the a and B naming; in comnsequence cet-
tain sugars today are designated D-ao,a,¢- and
D-a, a-B-glucononose; indeed theory predicts eight
as the number of aldononoses obtainable from b-
glucose and by present usage they are to be dis-
tinguished by the eight possible arrangements of
a and Bin a three-membered term. Fischer® also
distinguished the two forms of methyl-p-glucoside
(now known to be the pyranosides®) by the desig-
nations « and @, assigned empirically, and today
this latter use has become universal for the ring
forms of the sugars and their derivatives be-
cause in a large number of cases the designations
have been correlated with the stereostructures
according to the plan of nomenclature that the
writer proposed in 1909. It can hardly be
questioned that the provisional naming of higher
carbon sugars by the symbols o and 8 and com-
binations of them, given empirically, should at
some stage of progress be replaced by a plan that
names these sugars according to their configura-
tions. This could not be done by Fischer nor by
Philippe, because only two of the configurations

(1) Publication authorized by the Surgeon General, U. S. Public
Health Service.

(2) Fischer, Ber., 23, 934 (1890).

(8) Fischer, Ann., 270, 64 (1892).

(4) Philippe, Ann. chim. phys., [8] 26, 289 (1912).

(5) Fischer, Ber., 28, 1145 (1895).

(6) Charlton, Haworth and Peat, J. Chem. Soc., 100 (1926).
(7) Hudson, THis JOURNAL, 31, 66 (1909).

were then known in full (the two p-glucoheptoses).
Later the configurations of the two p-mannohep-
toses, the two bD-galaheptoses and two of the
D-mannooctoses were established by Peirce,® and
those of the two p-guloheptoses by LaForge.®
The discovery of several independent rules of
rotation correlating direction of rotation with
configuration has supplied a simple way of learn-
ing the configurations of the remaining higher
carbon sugars, and these methods have been
applied to p-gulomethylose and to two of the
p-glucooctoses! and Dp-galaoctoses!?; thus today
we know the configurations of fourteen of the
higher carbon aldoses (and two of the higher
carbon aldomethyloses) and possess simplified
methods for determining the configurations of
all the others. Would it not be well therefore
to introduce some new plan for naming higher
carbon sugars of known configuration by which
the name of the sugar will indicate its configura-
tion with the minimum burden upon the memory?
One might give configurational definition to the
terms a and B, which would be the least possible
change from the present names, but this would
continue the present very confusing use of these
symbols in two senses in the same name, for
example, a-D-a-glucoheptose. The writer has
been using for about twelve years in unpublished
notes a system which avoids this confusion and,
as some colleagues have looked upon it with favor,
it is here published.

Consider the sugar that is now known as D-a-
glucoheptose.

H H OH H H
CH,O0OH—C—-C—C—C—C——CHO
OH OH H OH OH
7 6 5 4 3 2 1

p-a-Glucoheptose (p-Gluco-p-gulo-heptose)

It is made from bp-glucose and its asymmetric
carbon atoms 6, 5, 4 and 3, reading from the left,
have the configuration that is carried over from
D-glucose. Now read the configurations of car-
bon atoms 2, 3, 4 and 5 from the right; they are

(8) Peirce, J. Biol. Chem., 28, 327 (1915).

(9) LaForge, ibid., 41, 251 (1920).

(10) Levene and Compton, J. Biol. Chem., 111, 335 (1935).

(11) Hudson, Tais JoUrNAL, 39, 463 (1917); Hockett and
Hudson, ibid., 60, 622 (1938).

(12) Maclay, Hann and Hudson, sbid., 60, 1035 (1938).
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the same as in D-gulose. This is more than a
formal analogy because it is known from many
examples that the higher carbon sugars have
properties closely resembling those of the hexoses
of like configuration for carbon atoms 2, 3, 4 and
5. It is suggested therefore that the sugar be
named D-gluco-p-gulo-heptose. This name de-

fines the configuration unequivocally, indicates '

that the sugar is made from p-glucose and reminds
one that it may be expected to resemble p-gulose
in properties.’*> Although the prefix gulo- does
not require the p-symbol, since the p-gluco term
is not compatible with an L-gulo term in a hep-
tose, octose or nonose, it seems preferable to re-
tain it because of its plain expression of the fact
that the heptose resembles p- rather than L-gu-
lose. Most of the higher carbon sugars of known
configuration are listed below with the designa-
tion of the proposed new name, following the
system just described.

HEPTOSES
H H OH H H
CH. ZOH——O—C—C———C—C-MCHO
OH OH H OH OH
7 6 5 4 3 1

(D—a—Glucoheptose)
D-Gluco-p-gulo-heptose

H H OH H OH
CH,OH—C——C——C—C—C—CHO
OH OH H OH H

(p-B-Glucoheptose)
p-Gluco-p-ido-heptose

H H OH OH. H
CH,0H—C—C—C—C——C—CHO
OH OH H' H

(D-a-Mannoheptose)
D-Manno-p-gala-heptose

H H OH OH OH
CH, O0H—C——C—C——C—C——CHO
OH OH H H  H

(p-B-Mannoheptose)
D-Manno-p-talo-heptose

H OH OH H H
CH,OH—C—C—C—C——C—CHO
OH H H OH OH

(p-a-Galaheptose)
D-Gala-L-manno-heptose

H OH OH H OH
CH,OH—C-—-C—C—C—C——CHO
OH H H OH H

(p-B-Galaheptose)
p-Gala-L- gluco-heptose)

(13) I considered years ago the name D-glycero-p-gulo-heptose as
an alternative for p-gluco-p-gulo-heptose, but discarded it in favor
of the name that specifically indicates the hexose from which the
higher carbon sugar is prepared.
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H OH H H

OH OH H

(p-a-Guloheptose)
p-Gulo-L-gala-heptose!*

H OH H H H
CH,0H—C—C—C—C—C-—CHO
OH H OH OH OH

(p-B-Guloheptose)*
p-Gulo-L-talo-heptose

OCTos}Es
H H OH H H OH
c¢H,04——C—C—C—C-—C—C—CHO
OH OH H OH OH H

(p-a, a-Glucooctose)
p-Gluco-L-gala-octose

H H

OH OH H OH OH OH
(p-a,8-Glucooctose)
p-Gluco-L-talo-octose

H OH OH H H OH

(p-a,a-Galaoctose)
p-Gala-L-gala-octose

(p-a,8-Galaoctose)
D-Gala-L-talo-octose

H H OH . OH H H

OH OH H ' H
(D-a,a-Mannooctose) 18
D-Manno-L-manno-octose

H H OH OH H
CH,O0H——C—C—C——C—C—C——CHO
OH OH H H

(D-e, 3-Mannooctose)
Dp-Manno-L-gluco-octose

The names of derivatives are readily formed in the
usual way, for example: b-gala-L-gala-octitol,
octopyranoside, octonic and octaric acids, octal,
octosazone, etc.

In Fischer’s era rhamnose and fucose were
designated substituted pentoses (substitution of
methyl for a hydrogen atom directly attached to

(14) The p-guloheptoses were named by their discoverer (La-
Forge?) a and B as here written; LaForge proved their configura-
tions by showing that p-a-guloheptitol is identical with D-B8-gala-
heptitol. Isbell [J. Research Nat. Bur. Standards, 19, 639 (1937)]
recently has proposed reversal of the symbols in. a plan which
gives configurational definition to o and B; the disadvantage of this
plan already has been mentioned.

(15) This configuration follows from the observation by George
Peirce$ that the, sodium salt of D-manno-L-manno-octaric acid is
optically inactive, but obviously it needs substantiation. The
corresponding p-manno-L-manno-octitol was crystallized by Fischer
and Passmore [Ber., 28, 2226 (1890)] but there is no mention of a
rotatory measurement; the substance is probably inactive in accord-
ance with the above provisional configuration of the sugar. We expect
to be able to present data soon that will permit decision regarding
the formula,
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the carbon atom of the terminal group CH.OH),
a usage which persists in the class name methyl-
pentose; the practice is now becoming general to
consider them as 6-desoxyhexoses, under the class
name methylose,'® with an appropriate prefix
to designate the configuration. Thus natural
rhamnose is L-mannomethylose and natural
fucose is L-galamethylose (or L-galactomethylose,
if one chooses to use the full prefix). By com-
bining this plan of nomenclature with that which
is suggested. in this article, the two 7-desoxyhep-
toses whose configuration is known may be given
the following systematic names.

METHYLO-HEPTOSES!? (OR 7-DESOXYHEPTOSES)

OH OH H H
CHy—C—C—C—C—C—CHO
H H OH OH H

(a-L-Rhamnohexose of Fischer)
L-Manno-L-gala-methylo-heptose

CHy—C—C—C—C—C—CHO
H  H OH OH OH

(8-L-Rhamnohexose of Fischer)
L-Manno-L-talo-methylo-heptose

The 2-ketoheptoses need to carry the name of
the appropriate hexose only; the five known keto-
heptoses are the following

H H OH H O
CH.OH—C—C——C—C—C—-CH,0H
OH OH H OH

D-Glucoheptulose!®
(Its mirror image is L-Glucoheptulose)!?

OH OH O

OH OH H H

p-Mannoheptulose
(Originally named p-Mannoketoheptose)?20

H H H
CH,OH

p-Altroheptulose?!
(Originally named Sedoheptose)??

(16) Votocek, Bull. soc. chim., 43, 18 (1928).

(17) The order methylo-heptose seems preferable to hepto-
methylose because, as pointed out in an analogous case by Freuden-
berg and Raschig [Ber., 62, 376 (1929)], hepto-methylosazone is an
ambiguous name since it can apply to either the phenylosazone of a
hepto-methylose or the ‘methyl phenylosazone of a heptose; meth-
ylo-heptosazone is not ambiguous. To overcome the objection raised
by Freudenberg and Raschig in the case of the name altro-methylose,
it may be well to use altro-methylohexose instead. Rhamnose
would then be L-manno-methylohexose and its osazone would be
r-manno-methylo-hexosazone. The ambiguity could also be avoided
by naming osazones with two words (e. £., altromethylose osazone),
as is in fact often done, especially with osazones from substituted
phenylhydrazines.

(18) Austin, THIS JOURNAL, 52, 2106 (1930).

(19) Bertrand and Nitzberg, Compt. rend., 186, 925, 1172 (1928).

(20) LaForge, J. Biol. Chem., 28, 511 (1917).

(21) Ettel, Collection Czechoslov. Chem. Communications, 4, 504,
513 (1932).

(22) LaForge and Hudson, J. Biol. Chem., 30, 61 (1917).

A SUGGESTION FOR NAMING THE HIGHER CARBON SUGARS

1L-Galaheptulose??
(Originally named Perseulose)?*

Beginning with'the 2-keto-octoses, of which none
are now known, prefixes of two hexoses would be
required, leading for example to the unequivocal
name D-gala-L-gluco-octulose for a ketose of the

configuration
H OH OH H

OH H H
In designating the a- and B-forms of ring
derivatives (e. g., the methyl glycosides) it seems
to the writer advisable to follow the simplest
rule that is adequate, which is to name the more
dextrorotatory member of a pair in the p-sugar
series as « (or, in full, a-p-); its enantiomorph
is an a-L-form, which represents the more levoro-
tatory member of a pair in the L-sugar series.
I made this suggestion in 1909 and it has been
generally adopted, but there recently has come
from Isbell?® the proposal to modify it and to re-
verse the «a-B- naming in the arabinose and fruc-
tose series, and in a recent article Schlubach and
Graefe?® question the naming of a certain new
methyl sorboside as an a-L-form because it closely
resembles in certain peculiarities a B-p-methyl-
fructoside. The recent experimental work of
Jackson and Hudson? in correlating the con-
figurations of carbon atom 1 in many of the aldo-
hexopyranosides, aldopentopyranosides and an
aldopentofuranoside furnishes proof of stereo-
structures which confirm in all cases the nomen-
clature that I originally proposed. The system
of naming «- and B-methyl glycosides, etc., is
best understood if one writes the skeleton stereo-
structures for the rings. The pyranoid forms
are derived from the structures (I) and (II), as
proved by Jackson and Hudson.

(23) This configuration for perseulose was made highly probable
by LaForge;? definitive proof has been established recently by
Raymond M. Hann and the writer and it will be published shortly.

(24) Bertrand, Compt. rend., 14T, 201 (1908); 149, 225 (1909).

(25) Isbell, J. Chem. Ed., 12, 96 (1935); J. Research Nat. Bur.
Standards, 18, 505 (1937). - Isbell appears to have considered only
the pyranoid ring forms; if his plan were adopted it would require
that in aldohexoses having cis-frans configuration for the hydroxyl
groups on carbon atoms 4 and-5 (galactose, talose, gulose and idose) a
pyranoside would be named « in the D series if it is the more dextro-
rotatory member of a pair, but a furanoside that is the more dextro-
rotatory member of its pair would have to be named a g-p-form,
which seems objectionable; with septanosides and with tetro-
furanosides it is not clear how one would name them by Isbell’s
plan. I warn against the confusion that must ultimately result if
Isbell’s modification of my sunple, generally applicable rule is fol-
lowed.

(26) Schlubach and Graefe, Ann., 532, 211 (1937).

(27) Jackson and Hudson, THis JournaL, §9, 994 (1937).,
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0 ;3 L- }Methyl glycosides
-(C is dextrorotatory)

),

OCH;
In fi_L_ } Methyl glycosides
(Cy s levorotatpry)

These skeleton structures permit one to write
the stereo pyranoid formulas for any given case
from the name of the substance; formula (I)
pertains to a-D- and B-L-forms, where C; is dextro-
rotatory, and formula (II) to 8-p- and a-L-forms,
where C, is levorotatory. Thus the formulas for
the methyl pyranosides of L-sorbose and p-fructose
that were discussed by Schlubach and Graefe?®
take the forms (III) and (IV)

i OCHj;
CH.OH

(11I1) 8- Methyl-L sorbuopyranoside
CH,OH

(IV) a—Methyl-D-fructopyranoside

and their close stereo similarity is apparent;- their
only difference is in respect to the configuration
of their:.carbon atom 5, and it is to be concluded
that their common peculiar behavior is independ-
ent of the stereo form of this particular carbon
atom. The following is an interesting case in
this connection. In acid methyl alcoholic solution

D-lyxose finally reaches equilibrium when its o-

methyl pyranoside is the predominating sub-
stance; under like conditions D-arabinose forms
its B-methyl pyranoside principally; the stereo
formulas (V) and (VI) show that the stereo form

’ OCH;
OH OH '

H
V) a—Methyl-D—lyxopyran051de

C. S. HupsoN
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l<H °H>I

OCH;

(VD) 6-Methy1 p-arabinopyranoside

of carbon atom 3 for these substances has a
great influence upon the stability of the grouping
on carbon atom 1. The same influence from
carbon atom' 3 is noticed in the configurations of
the more stable forms of the acetohalogen sugars
and the fully acetylated forms, of ring configura-
tion.

The skeleton formulas for the furanoid ring
are (VII) and (VIII), as proved by Jackson and
Hudson.

OCH;

s

AL } Methyl glycosides
(C, is dextrorotatory)

) OCH;

(VI[I) }3 -D- } Methyl glycosides
(C1 is levorotatory)

The known?® «-methyl-p-arabinofuranoside is
written as (IX) and the known? o-methyl-D-
arabinomethylopentoside ‘as (X); it is seen that

l OCH;

CHzOH
a-Methyl-p-arabinofuranoside ([a]p 4+ 123)

H OH
CHs \ H

./OH H\

O OCH;
(X) a-Methyl- L-arabmomethylopentoside ([a]lp —129)

/IH OH

(IX)

closely approach mirror-image forms, which ac-
counts for their opposite signs and near magni-
tudes of rotation.

Lastly, the skeleton formulas for the septanoid
ring glycosides, etc., obviously are to be written
in ‘similar conventional form; detailed examples
may be omitted.

(28) Montgomery and Hudson, THIS JOURNAL, §9, 992 (1937).
(29) Swan and Evans, ibid., 57, 200 (1935),
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Summary

It is proposed to abandon the use of  the
symbols « and B as parts of the actual names
of the higher carbon sugars and to designate
these by the abbreviated names of two hexoses,
one of which indicates the hexose that is used
in the synthesis and the other of which shows

THE REACTION OF KOJjIc ACID WITH ALDEHYDES
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the hexose that the new sugar resembles in its
ring configurations. Examples are shown for
the proposed names and for the use of the sym-
bols a and B in designating the stereostructures
of the pyranoid, furanoid and septanoid ring
forms.

‘WasHINGTON, D. C. RECEIVED MARCH 3, 1938

[ConTrIBUTION NoO. 239, DEPARTMENT OF CHEMISTRY, KANSAS STATE COLLEGE |

The Reaction of Kojic Acid with Aldehydes*

By H. N. BArRHAM AND G. NATHAN REED

Kojic acid, 2-hydroxymethyl-5-hydroxy-v-py-
rone, was first obtained by Saito® in a culture of
Aspergillus oryzae grown upon steamed rice.
Since then it has been found to be produced when
different species of Aspergilli are grown upon a
variety of organic substances.* The acid used in
this research was produced in the laboratories of
Kansas State College by the growth of 4Aspergilius
Sflavus upon a glucose medium.

While investigating the properties of kojic acid
it was observed that a solid reaction product was
obtained readily with formaldehyde. This re-
action was extended to other aldehydes until a
series of solid derivatives was obtained which
included derivatives from all of the normal,
saturated, aliphatic aldehydes up to heptalde-
hyde, as well as acrolein, benzaldehyde, hydro-
cinnamaldehyde, cinnamaldehyde, and a-fur-
furaldehyde.

An investigation of these derivatives was made
in order to establish their constitution. The
molar quantities involved in' their preparation,
together with other quantitative data, indicated
that the products were formed by the elimination
of one molecule of water from two molecules of
kojic acid and one molecule of aldehyde. The
aldehyde products gave red colorations with
ferric chloride, could be titrated with standard
alkali and formed insoluble copper salts which
contained the calculated per cent. of copper.
Upon treating with thionyl chloride, chloro com-

(1) Abstract of a thesis presented by G. Nathan Reed to the
Graduate Council of Kansas State College in partial fulfilment of the
requirements for the degree of Doctor of Philosophy.

(2) Presented in part before the Division of Organic Chemistry of
the American Chemical Society at the Rochester meeting, September,
1937.

(3) K. Saito, Bot. Mag. Tokyo, 21, No. 249 (1907).

(4) A critical review of the literature upon kojic acid was made by
Barham and Smits, Trans. Kansas Acad. Sci., 87, 91-113 (1934).

pounds were formed which could be produced also
by the reaction of the corresponding aldehydes
with 2-chloromethyl-5-hydroxy-v-pyrone (ob-
tained from kojic acid with thionyl chloride).
Acetate esters were prepared and when hydrolyzed
gave acetyl values corresponding to four hydroxyl
groups per molecule. Attempts to hydrolyze
the aldehyde products with dilute acid or alkali
were unsuccessful. When the aldehyde products
were treated with phenyldiazonium chloride
and the resulting mixture neutralized with alkali,
colored compounds were produced which ap-
peared to be unstable diazonium salts of the
phenolic hydroxyls. Under similar conditions,
kojic acid coupled with phenyldiazonium chloride
to form a stable dye.

It was concluded, therefore, that these aldehyde
products were formed according to the equation

2 Il I + RCHO —> H,0 +
HC,C—CH,
0 0
I g
H———?I:/ C\ﬁ—om ° HO-—Tli/ \c":—H
HOCH~C\ /c——(lz__c\o C—CH,0H
R

Experimental Data

Reagents.—The crude kojic acid obtained by concen-
trating the fermentation liquor was recrystallized twice
from water, using Norite in the first recrystallization to
decolorize the solution. The final purification was ac-
complished by chilling hot alcoholic solutions with rapid
stirring. Prepared in this manner, the acid was obtained
as fine, light cream-colored needles of m. p. 152-153°.

The formaldehyde used was a U. S. P. formalin solution.
The other aldehydes were Eastman preparations.
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‘Preparation of the Aldehyde Products.—Although in the
preliminary study slightly better yields were obtained from
the use of two mols of kojic acid for each mol of aldehyde,
in the actual preparation equimolar proportions were
used because the products obtained in this way were easier
to purify. A typical reaction mixture contained 10 g. of
kojic acid and an equivalent amount of aldehyde dis-
solved in 100 cc. of ethyl alcohol. One cc. of concen-
trated ammonium hydroxide was added as a catalyst.
The reaction mixture was refluxed one hour and then placed
in an electric air-oven at 60-65° for from two to forty-
eight hours depending upon the aldehyde used. By
attaching a long glass tube to the reaction flask and
passing this through the vent in the top of the oven,
evaporation was prevented and the heating could be con-
tinued as long as required. Following this period in the
oven, the reaction mixture was poured into a crystallizing
dish and concentrated by surface evaporation. The solid
material which formed was removed by filtration, washed
with a little alcohol, and dried in a desiccator under re-
duced pressure.

The reaction of kojic acid and the aldehydes was always
accompanied by the formation of resinous material. The
quantity produced was influenced decidedly by the sol-
vent, the catalyst, and the temperatures employed.
Formaldehyde and kojic acid gave good yields with water
as the solvent if no ammonium hydroxide was added, but
in the presence of this catalyst resin formation was domi-
nant. The remaining aldehydes did not react in water
solutions. Likewise, the crystalline products were not
formed when alcoholic solutions were used without am-
monium hydroxide. On the other hand, using alcoholic
solutions and ammonium hydroxide, the presence of any
appreciable concentration of water favored the formation
of these resins. Furthermore, the quantity of this resinous
material was increased by lengthening the period of heat-
ing, especially at the boiling point of the alcoholic solu-
tions. The particular conditions described above were
selected in order to reduce to a minimum the amount of
these resinous substances in the crude products.

The lower aldehydes reacted readily. Among the
higher aliphatic aldehydes, the rate of reaction was in-
fluenced by the length and character of the carbon chain—
those with an even number of carbon atoms reacted more
easily than those with an odd number. The yields were
good in most instances. Benzaldehyde reacted readily,
giving good yields. Hydrocinnamaldehyde was somewhat
slower in action while cinnamaldehyde reacted very slowly.
Furfuraldehyde reacted readily but gave only fair yields.
Acrolein reacted with extreme difficulty and the yields
were Very poor.

Purification of the Products.—The crude reaction prod-
ucts were purified by extraction with boiling chloroform or
by recrystallization from alcohol. In the latter case, the
alcoholic solutions were chilled in a freezing bath of salt
and ice while stirring vigorously to prevent supersatura-
tion. Repeated extractions or recrystallizations were neces-
sary to eliminate the greater portion of the contaminating
resinous substances but it is believed that traces still
remained in spite of continued effort to remove them.

Physical Properties of the Products.—The purified
products are light cream-colored, powdery solids. They

H. N. BaArRHAM aND G. NATHAN REED
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are practically insoluble in cold water, while their solu-
bility in hot water decreases rapidly as the molecular
weight increases. All are somewhat soluble in alcohol
with a pronounced tendency to give supersaturated solu-
tions. They are slightly soluble in methyl alcohol and
acetone, much less soluble in chloroform, and apparently
insoluble in ether, ligroin, benzene, toluene, and carbon

tetrachloride. They are soluble in alkali but insoluble in
acids. The melting points of the products are given in
Table I.
TABLE I
MELTING POINTS OF PRODUCTS
Aldehyde used M. p., °C. (corr.)
Formaldehyde 248.3-249
Acetaldehyde 211.2-212
Propionaldehyde 217.5-218
Butyraldehyde 192.4-193
Valeraldehyde 185.6-187.2
Capraldehyde 144-147
Heptaldehyde 152.6-153.6
Benzaldehyde 242 .4, dec.
Hydrocinnamaldehyde 182-183.5
Cinnamaldehyde 175-176
a-Furfuraldehyde 210-211
Acrolein About 250*

“ Yield too small to purify and determine m. p. care-
fully.

Combustion Analysis.—The combustion analyses of
the aldehyde products are given in Table II. The calcu-
lated values are for a product formed by two mols of kojicv
acid and one mol of aldehyde with the loss of one mol
of water.

TasBLE II
AnaLyTICAL RESULTS BY COMBUSTION
Carbon, % Hydrogen, %

Aldehyde product  Caled. Found aled. Found
Formaldehyde 52.70 52.78 52.85 4.06 4.42 4.22
Acetaldehyde 54.19 54.28 54.16 4.51 4.80 4.67
Propionaldehyde 55.55 55.71. 55.28 4.94 5.11 5.02
Butyraldehyde 56.81 56.99 56.92 5.33 5.61 5.61
Valeraldehyde 57.95 58.01 57.98 568 5.81 5.94
Heptaldehyde 59.99 60.12 60.82 6.32 6.58 6.69
Benzaldehyde 61.31 61.96 61.35 4.30 4.52 4.43
Hydrocinnamalde-

hyde 63.00 62.50 62.31 5.00 5.06 5.05
a-Furfuraldehyde  56.35 55.99 56.01 3.87 4.08 4.04

Chemical Properties of the Products.—The aldehyde
products gave a red coloration with ferric chloride. The
intensity of the color produced decreased as the molecular
weight increased, as would be expected from the solubili-
ties. The products reacted readily with alkali and it is
believed that they could be titrated with 0.1 N sodium
hydroxide if an indicator were used which changed color at
a pH of about 12. When the products were dissolved in
standard alkali, back titrated with acid until neutral
to phenolphthalein, and treated with an excess of copper
acetate, insoluble copper salts were precipitated. These
salts were analyzed for copper by igniting to copper oxide.
The results given in Table III are for 1-g. samples of the
aldehyde products and the calculated values are for prod-
ucts containing two phenolic hydroxyls and resulting from
the reaction of two mols of kojic acid with one mol of
aldehyde through the loss of one mol of water.
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y
TaBLE III " TaBLe IV
CoppeR CONTENT HyYDROLYSIS OF ACETATE ESTERS
Copper, % No. of Required CHsCOOH
Product Calcd. Found Acetate Total acetate for nuc- by
Formaldehyde 17.785 17.690 prepared from titration groups lear OH difference Caled.
Acetaldehyde 17.115 17.084 Formaldehyde 123.8 2 46.1 77.7 56.62
Propionaldehyde 16.494 16.675 product 4 877 861 86.70
Butyraldehyde 15.916 16.090 Acetaldehyde 123.2 2 41.0 82.2 50.76
Heptaldehyde 14.403 14.370 product 4. 338 804 8.70
Benzaldehyde® 14.668 16.550 Benzaldehyc}e 117.0 2 41.2 75.8 43.86
@ Copper precipitate brownish in color and obviously product 4. 348 82.2 741
contained some reduced copper. phthalein. Since 50.80 cc. of 0.1 N sodium hydroxide

The kojic acid—aldehyde products reacted readily with
thionyl chloride. The unchanged thionyl chloride was
removed from the reaction mixture with petroleum ether
and the derivatives recrystallized from water. These
derivatives did not show the presence of ionizable halogen
but a sodium fusion revealed the presence of organic halo-
gen. The chloro compound prepared in this manner from
the butyraldehyde product melted at 180-184°. When
2-chloromethyl-5-hydroxy-vy-pyrone (prepared from kojic
acid through the action of thionyl chloride) was treated
with butyraldehyde, using the procedure outlined in the
preparation of the aldehyde products, a product was ob-
tained which melted at 183—-185°. Apparently the same
compound was prepared by these two reactions.

The acetates of the aldehyde products were prepared by
treating with an excess of acetic anhydride and a few drops
of concentrated sulfuric acid. If these mixtures were al-
lowed to stand for twelve hours at room temperature, dark
red solutions were formed. Upon decomposing the excess
of acetic anhydride with water and evaporating the solu-
tions before a fan, resinous products were obtained. The
repeated extraction of these resinous products with water
gave white solids which were purified by recrystallizing
from ethyl alcohol or ethyl acetate. If the original re-
action mixtures were treated with a large excess of ether,
the acetates were precipitated immediately as crystalline
solids. The melting points of the acetates were: from
formaldehyde product, 105-107°; from acetaldehyde
product, 134-136°; and from benzaldehyde product,
166-168°.

The acetates of the aldehyde products were hydrolyzed
quantitatively by dissolving a weighed sample in a known
quantity of standard alkali (an excess was always used),
brought to colorless toward phenolphthalein with standard
hydrochloric acid, and back titrated to full red with stand-
ard alkali. The net quantity of alkali used was deter-
mined by difference. The amount of alkali required for
the liberated aldehyde product was determined by a
blank. When this value was subtracted from the net
quantity of alkali used, the difference was taken as a
measure of the acetic acid produced upon hydrolysis.
The values obtained for 1-g. samples of the acetates are
given in Table IV and compared with the theoretical
amounts of acetic acid calculated for diacetate and tetra-
acetate derivatives.

A sample of the acetaldehyde product was dissolved in
glacial acetic acid. The addition of an excess of ether to
this solution precipitated a solid which, after recrystallizing
from alcohol, required 49.50 cc. of 0.1 N sodium hy-
droxide to titrate a 1-g. sample to the full color of phenol-

was required to titrate a 1-g. sample of the original acetal-
dehyde product, it is evident that an oxonium salt was
not formed by the aldehyde product.

The aldehyde products were not hydrolyzed either by
refluxing for nineteen hours with dilute sulfuric acid or by
stirring for forty-eight hours with 0.1 N sodium hydroxide.

Kojic acid did not react with benzal chloride in alcoholic
solution. However, when the method of Friedel and Crafts
was employed, using freshly distilled nitrobenzene as a
solvent, a free evolution of hydrogen chloride was ob-
served. After heating for two hours at 100-150° the re~
action mixture was poured into an excess of water and the
solid which precipitated removed by filtration. This solid
was extracted repeatedly with ether and finally with al-
cohol. Evaporation of the alcohol gave a small amount
of material which melted at 250-256 ° with decomposition;
this compares favorably with the melting point of the crude
benzaldehyde product.

When kojic acid was dissolved in alkali, cooled to 0-5°,
treated with phenyldiazonium chloride, and the mixture
made alkaline, a dark red solid was precipitated. This
substance was stable. It could be dried :nd kept exposed
to the air for an indefinite period of time. No apparent
decomposition occurred when it was treated with moder-
ately strong acid. When the same procedure was used
with the aldehyde products, red and brown solids were
obtained. However, these solids were unstable and turned
dark upon drying in air. Apparently a gas was liberated
during this decomposition. A freshly prepared sample of
the colored compound obtained from the acetaldehyde
product was suspended in cold, dilute (2:1) hydrochloric
acid. After standing for a half hour at 0-5° the solution
was filtered and the filtrate placed in a solution of “H-
acid”’ (1-amino-8-naphthol-3,6-disulfonic acid). When
this mixture was made alkaline an intense red color was
produced which appeared to be identical with the color
formed when ‘“‘H-acid’’ was treated with phenyldiazonium
chloride. The residue from the acid treatment melted
at 188-198° and when mixed with an equal amount of
acetaldehyde product the melting point rose to 201-210°.
From these results, the colored compounds were assumed
to be diazonium salts of the phenolic hydroxyls and not the
products of true coupling reactions.

Discussion of Results

The qualitative analysis of the products con-
sistently gave negative results for nitrogen. The
production of color with ferric chloride, the re-
action with alkali, and the precipitation of copper
salts all indicate that the phenolic hydroxyls in
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position 5 are also present in the aldehyde prod-
ucts. Since these products do not hydrolyze
readily they probably are not acetals. Further,
the reaction with thionyl chloride points to the
presence of the hydroxymethyl groups in the alde-
hyde products. These conclusions are all fully con-
firmed by the formation of tetraacetate esters.

This leaves position 6 as the most probable
point of attack. It is known that when the
Friedel and Crafts reaction is used with aromatic
phenols, the hydrogen in the para position is re-
placed. However, when the para position is
blocked, the reaction may occur at the ortho posi-
tions. If it is assumed that the hydroxymethyl
group of kojic acid is para to the phenolic hy-
droxyl, then the only available point of attack is
at position 6.

Further confirmation is given by the formation
of the diazonium salts. Sidgwick® explains the
coupling reaction of diazonium salts with phenols
as forming a diazonium salt of the phenol which
later rearranges by the diazo group passing to the
para or ortho position. These diazonium salts
of the phenol group are unstable, decomposing
easily to give nitrogen, and when treated with
dilute acids the original compounds are formed.
Since both of these properties were observed in
the products which were formed by the aldehyde
products reacting with phenyldiazonium chloride,
it may be assumed that diazonium salts of the
phenolic hydroxyl groups were formed. If the
aldehyde has attacked position 6, then all pos-
sible positions for the rearrangement of these
phenolic salts are blocked and the true coupling
reactions cannot proceed beyond this initial step.

It is concluded, therefore, that the aldehyde
products may be represented by the general
formula previously given.

A study of the reaction of aromatic phenols
with aldehydes to form resins of the Bakelite
type reveals that the mechanism of reaction is
probably

(I)H
OH

———CH»OH
O + HCHO —> O
|
—> H,0 +

(5) Nevil V. Sidgwick, ““‘Organic Chemistry of Nitrogen,” Oxford
University Press, Oxford, 1910, p. 287. !
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and that this reaction continues until a compound
is formed which may be represented by

(’)H |OH OH

|
HOCHZ——O———CHZ —\—cH, ——OCHZOHH’
n

In the case of para substituted phenols, 7. e., p-
cresol, the reaction occurs only at the ortho
positions. Assuming that kojic acid reacts as a
para substituted phenol, the analogous reaction
would be

i
¢
HO—C” NC—H

| I + RCHO —>
H-C, C—CHOH
0
HO—¢” N\o—H
L\ cmon™
No S
R—CHOH
0
(l%
HO—C/ NC—H
ad L gon —HOT
OO
0 )
I g
H‘Cl/ c\ﬁ—on i H0~(“:/ \ﬁH
&

& — CH,OH
HOCH—C\ /¢ C\ o CH:

l
R
From this point of view, these aldehyde products
may correspond to the compounds which appear
in the early stages of phenolic resin formation.
The reaction, however, stops at this stage because
the ortho and para positions in both rings are
blocked. That resins may be formed under cer-
tain conditions has already been mentioned
under the preparation and purification. We
believe that these resinous substances are pro-
duced either by molecules of kojic acid condensing
from the hydroxymethyl group of one molecule
to position 6 of a second molecule and so on, or by
the aldehyde products condensing with unchanged
kojic acid by a similar mechanism. Further
investigation of this field is planned.

(6) Baekeland and Bender, J. Ind. Eng. Chem.,
(1925).

(7) Morgan, J. Soc. Chem. Ind. Trans., 49, 245-251 (1930).

(8) Megson and Drummond, bid., 49, 251-257 (1930).

(9) Wanscheidt, Itenberg and Andrejewa, Ber., 69, 1900-1907
(1936).

17, 225-237
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Concluysions

1. We have shown that kojic acid reacts with
aldehydes to form solid derivatives. A series of
these products has been prepared using all of the
normal, saturated, aliphatic aldehydes up to
heptaldehyde, in addition to acrolein, benzalde-
hyde, hydrocinnamaldehyde, cinnamaldehyde,
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and a-furfuraldehyde.

2. The probable formula for these products
is given.

3. A possible mechanism of reaction is sug-
gested based upon the present theory of resin
formation by aromatic phenols and aldehydes.

MaNHATTAN, KAN, RECEIVED MARCH 14, 1938

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, COLUMBIA UNIVERSITY ]

On the Mechanism of the Catechol-Tyrosinase Reaction

By HARRY WAGREICH AND J. M. NELSON

Catechol has been used widely as a substrate
in the study of oxidases, partly because the aerobic
oxidation of this substance is catalyzed by a great
many enzymes of this class. Robinson and
MecCance! showed that two atoms of oxygen are
consumed in the complete oxidation of catechol,
although only one atom .is required, stoichio-
metrically, for the formation of o-benzoquinone,
the normal product of primary oxidation. The
reaction therefore is not a simple one, and a
further complication arises from the fact that o-
benzoquinone is very fugitive in aqueous solu-
tions, especially in the presence of unoxidized
catechol, as shown by Dawson and Nelson.?

Regarding the mechanism of the oxidation,
Onslow,?® Richter,* Platt and Wormall® and others
favor the idea that hydrogen peroxide is one prod-
uct of the reaction, which would account for the
oxygen consumption '

CeH,(OH); + O —> CeH,O; + H,0,

On the other hand, Raper® suggests that one
atom of oxygen converts catechol into o-benzo-
quinone and that this is oxidized further by the
second atom consumed. To gain further in-
sight into the problem, it seemed of interest to
extend the observations of Dawson and Nelson
by following the amount of oxygen consumed.

The apparatus shown in Fig. 1 was used to
measure the amount of quinone formed when one
atom of oxygen per mole of catechol had been
consumed. The vessel was charged with 1250

(1) M. E. Robinson and R. A. McCance, Biochem. J., 19, 251
(1925).

(2) Charles R. Dawson and J. M. Nelson, THIS JOURNAL, 60,
245 (1938).

(3) M. Wheldale Onslow, ‘Principles of Plant Biochemistry,”
University Press, Cambridge, 1931, p. 135.

(4) D. Richter, Biochem. J., 28, 901 (1934).

(5) B. S. Platt and A. Wormall, ibid., 21, 29 (1927).

(6) H. 8. Raper, Physiol. Rev., 8, 245 (1928),

cc. of 0.02 M phosphate—citrate buffer (pH 6.2)
containing 100 mg. of catechol, and 500 units of
tyrosinase preparation’ (about 15 cc.) was placed

Fig. 1.—A modified form of the apparatus described by
Reinders and Vles [Rec. trav. chim., 44, 1 (1925)]. A
represents a heavy 2-liter glass reaction vessel, into which
a pump-stirrer B was inserted. At the upper end of the
stirrer was a water seal such as described by Rosenthal,
Lorch and Hammett [THIs JoUurNavL, 59, 1795 (1937)].
The pipet C permitted the withdrawal of samples from the
reaction solution. Tube D was connected to a manometer
similar to that described by Reinders and Vles. Bulbs F
and F’ were used for introducing the enzyme. The vessel
A was fitted into a metal frame so as to be held in position
in the thermostat.

in one of the side bulbs (F). The stirrer was
started and, when the solutions in the vessel and

(7) Prepared from the common mushroom, Psalliota campestris,
by the method of Graubard and Nelson, J. Biol. Chem., 112, 135
(1935).
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side bulb had reached the temperature of the
thermostat (25°), the bulb F was turned in order
to introduce the enzyme into the reaction mix-
ture. After five minutes the oxygen absorbed
corresponded to one atom of oxygen per mole of
catechol, and at this point 25 cc. of the solution
was withdrawn by means of the pipet C and the
quinone determined by the method of Dawson and
Nelson. The amount of quinone corresponded
to 989, of the catechol oxidized. This observa-
tion confirms Raper’s view that only one atom
of oxygen is utilized in the formation of o-benzo-
quinone. The second atom, therefore, must be
involved either in the further oxidation of o-benzo-
quinone or in the oxidation of a product of its
decomposition.

T
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Time in minutes.

Fig. 2.—Showing the increase in rate of uptake of the
second atom of oxygen, with increasing lengths of time
elapsing before the enzyme was added to the disappearing
o-benzoquinone contained in the reaction vessels of the
Barcroft-Warburg apparatus. Reaction mixture the
same for each curve: 4 cc. of M acetate-acetic acid buffer,
pH 5, 2 cc. catechol solution (2 mg. of catechol); 2 cc. of a
solution containing an amount of ceric ammonium sul-
fate equivalent to oxidizing 2 mg. catechol to o-benzo-
quinone. One cc. of a tyrosinase preparation (3 units)
was placed in the side bulb of each reaction vessel, and the
enzyme introduced into the reaction mixture at the times
indicated on the abscissa axis. Temperature was 25°.

Raper and co-workers® found in their excellent
study of the enzymatic oxidation of tyrosine to
melanin that oxygen was taken up at three
different stages in the course of the oxidation, and
that the uptake of the last atom of oxygen was
independent of the enzyme. To learn whether
the uptake of the second atom of oxygen in the
oxidation of catechol is catalyzed by tyrosinase the
procedure deseribed was followed. To be sure
that the first stage was complete, the catechol

(8) W. C. Evans and H, S. Raper, Biochem. J., 81, 2162 (1937).
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was first oxidized to o-benzoquinone by an equiva-
lent amount of ceric sulfate at pH 4.4 (or potas-
sium ferricyanide in the case of more alkaline
solutions, pH 7.7).2* Since no determination of
quinone was necessary, it was more convenient to
use the Barcroft-Warburg respirometer method
for measuring the amount of oxygen taken up.'
The results showed that no oxygen uptake oc-
curred in the absence of tyrosinase. When the
enzyme was added to the reaction mixture 115
mm.? of oxygen (1.1 atoms) was consumed at
PH 4.5 in sixty minutes and at pH 7.7 in thirty
minutes.

That the substance oxidized by the second atom
of oxygen is not o-benzoquinone, as proposed by
Raper, but some compound formed as the quinone
disappears (possibly reformed catechol as dis-
cussed more fully in the subsequent part of the
paper), is suggested by data shown graphically in
Figs. 2and 3. The data shown in Fig. 2 were ob-
tained by placing a series of aqueous solutions con-
taining a given quantity of catechol, freshly oxi-
dized by an equivalent amount of ceric sulfate to
o-benzoquinone, in the reaction flasks of a Bar-
croft-Warburg apparatus. After varying periods
of time, as indicated on the abscissa scale in the
figure, constant amounts of a tyrosinase prepara-
tion were added from the side-arms of the re-
spective reaction flasks containing the gradually
changing o-benzoquinone. The points marked
a, b, ¢, d, and e on the curves correspond to the
amount of oxygen taken up during the first five
minutes after the addition of the enzyme. It will
be observed upon examining the curves that this
amount increased with the length of time elapsing
before the enzyme was added (to about one hun-
dred minutes). In other words, as the unstable
o-benzoquinone disappears a new substance seems
to be formed which is oxidized by the tyrosinase.
The observed increase in the rate of oxygen uptake
is due to the gradual increase in the concentration
of this new substance with the length of time
elapsing before the addition of the enzyme. The
lack of further increase in the rate of oxidation
occurring when the length of time elapsing before
the addition of the enzyme exceeds one hundred
minutes suggests an equilibrium being reached
between the disappearing o-benzoquinone and the
new oxidizable substance. This suggestion falls
in line with the observation of Dawson and Nel-

(9) E. G. Ball and T. Chen, J. Biol. Chem., 102, 691 (1933).
(10) For details of this method, see M, Graubard and J. M. Nel
son, ibid., 111, 757 (1935).
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son, who found that o-benzoquinone (judging from
the liberation of iodine when a portion of the solu-
tion was added to acidified potassium iodide solu-
tion) did not entirely disappear even after the
elapse of considerable time. The same idea is
suggested by the curve in Fig. 3 representing the
disappearance of o-benzoquinone with time, and
discussed more fully below. ’

To obtain, if possible, some idea concerning
the quantitative relationship between the amount
of o-benzoquinone which had disappeared in a
given time and the amount of the new oxidizable
compound formed, the following experiment was
undertaken. A solution consisting of 1030 cc. of
water, 200 cc. of M sodium acetate—acetic acid
buffer (pH of final solution 4.8), and 1.1499 g. of
ceric ammonium sulfate, was placed in the reac-
tion vessel of the apparatus described in Fig. 1.
After the solution had attained the temperature
of the thermostat, 100 mg. of catechol dissolved
in 25 cc. of water was added, and it was assumed
that the catechol was oxidized immediately to
o-benzoquinone. After thirty-four minutes a
25-cc. portion of the reaction solution was with-
drawn and its quinone content was found to have
decreased to 109, based upon the amount of cate-
chol used. To compare this with the amount of
the new oxidizable substance formed, 15 cc. of a
tyrosinase solution containing 400 units of enzyme
was added immediately to the reaction solution
after the 25-cc. sample had been withdrawn for
determining the amount of quinone remaining at
the end of thirty-four minutes. Suspecting the
new substance formed as the o-benzoquinone dis-
appears to be catechol, which is known to be
oxidized rapidly by tyrosinase, 25-cc. portions of
the reaction solution were withdrawn one and one-
half and three and one-half minutes after the ad-
dition of the enzyme. On determining the qui-
none content it was found to have risen from 10
to 549, at the end of three and one-half minutes.
Half of 909, the loss in quinone at the end of
thirty-four minutes, added to the 109, of quinone
remaining, is equal to 55%. The experiment
was repeated several times, at pH 4.5, and similar
results were obtained. Thus, interrupting the
disappearance of the o-benzoquinone, in one in-
stance at 609, and in another at 389, quinone re-
maining, it was found that on the addition of
enzyme the quinone content rose to 80 and 66%,
respectively (caled. 80 and 699%). Another
point which should be mentioned is that the newly
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formed quinone is fugitive just like the original
o-benzoquinone. The points indicated on the
last part of the curve in Fig. 3 represent the qui-
none content of the reaction solution at the cor-
responding time intervals.

Log cc. Na,S;0;. -
+0.5 +0.20.0 -0.3—-0.5

\ T T

3.756 [T Theor 362 cc
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Fig. 3.—Showing the extent of disappearance of
o-benzoquinone in aqueous solution, and the in-
crease in quinone content, when the product re-
sulting from the disappearing o-benzoquinone was
oxidized by means of tyrosinase. pH = 4.8; tem-
perature 25°; 1 cc. of thiosulfate soln. = 0.539 mg.
of o-benzoquinone.

In attempting to interpret the data described
above, the conclusion reached by Fieser and
Peters!! in their study of S-naphthoquinone is of
interest. This quinone also tends to disappear
in the presence of water. If the reactions in-
volved in the disappearance of o-benzoquinone are
similar to those occurring, according to these in-
vestigators, in the case of §-naphthoquinone, then
they may be expressed in the form of equations
(1) and (2)

? .
— —OH
Slow + HyO ——> O (1)
OH
0 OH
I [
—0 —OH
Fast + —_—
OH
OH 0 0
| I I
O——OH O—OH —0
+ or (2)
I |
0 OH

(11) L. T. Fieser and M. A. Peters, THis JOURNAL, 83, 793 (1931)."
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For every two molecules of o-benzoquinone
disappearing, one molecule of catechol would be
formed, and this in the presence of the enzyme
would yield one new molecule of o-benzoquinone.
Furthermore, if the reaction represented by
equation (1) is slower than the reaction indicated
in equation (2), then the rate of disappearance of
the quinone should tend to be of the first order.
The latter seems to be the case, since plotting the
logarithms of the cc. of thiosulfate (measure of
the quinone remaining) against time gives a
straight line, 4. e., curve II in Fig. 3. By adding
the assumption represented by equation (3) that
the hydroxybenzoquinone disappears from the
reaction 'solution, through polymerization, at a
rate greater than that of the reaction represented
by equation (1), then results such as those de-
scribed above should be expected. That hydroxy-
benzoquinone is unstable, at least in alkaline solu-
tions, has been shown by Eller,!? who found that
alkaline -oxidation of hydroquinone or catechol
results in the formation of humic acid, a dark
brown, sparingly soluble polymer of hydroxyben-
zoquinone. Experiences in this Laboratory also
show that aqueous solutions of 0-benzoquinone, on
standing, give rise to the formation of sparingly
soluble: material resembling humic acid in ap-
pearance. In some instances considerable dif-
ficulty was encountered in recognizing the disap-
pearance of the starch—iodine blue color, when the
quinone contents of solutions were determined by
Dawson and Nelson’s method.

(12) W. Eller, Ber., 53, 1473 (1920).

HarrY WAGREICH AND J. M. NELSON

Vol. 60

Szent-Gyorgyi'® noticed that the addition of
catechol to an aqueous solution of o-benzoquinone
accelerates the disappearance of the latter. Daw-
son and Nelson point out that the rate of disap-
pearance of o-benzoquinone in dilute aqueous
solutions -conforms closely to a first order reac-
tion, but deviates from the latter in the presence
of higher concentrations of catechol.- In the light
of these observations, it is possible that the reac-
tions indicated by equations: (1) and (2) may only
represent the course of the reaction when dilute
solutions of catechol are oxidized rapidly by tyro-
sinase so as to avoid the presence of an appre-
ciable quantity of unoxidized catechol and, under
relatively acid conditions, pH 4.0-6.0.

Summary

1. Under conditions of low concentration of
substrate, high concentration of enzyme, and pH
4.5-6.5, catechol is enzymatically oxidized to
o-benzoquinone with the consumption of one
atom of oxygen per mole of catechol.

2. The consumption of the second atom -of
oxygen per mole of catechol oxidized is also
catalyzed by tyrosinase.

3. A substance is formed when o-benzoquinone
disappears in aqueous solution at pH 4.5-6.5,
which is aerobically oxidized to a quinone by
means of tyrosinase. -

4. The quantity of quinone compound formed
in the oxidation of the substance mentioned in
(3) corresponds to one-half of the o-benzoquinone
which has disappeared. _

5. . The substance formed as the o-benzoqui-
none disappears in aqueous solution is oxidized
faster by means of the enzyme than the o-benzo-
quinone itself. :
New York, N. V. RECEIVED MARCH 21, 1938

(13) A. von Szent-Gyorgyi, Biochem. Z., 162, 399 (1925).
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[CoNTRIBUTION FROM THE CHEMICAL LABORATORY, HOWARD UNIVERSITY |

The Preparation and Properties of an Ene-diol.
Glycol

a-Phenyl-g-mesitoyl Aéetyléne

By R. P. BARNES AND LA S. GREEN!

With the proof of the structure of ascorbic acid?
there came a renewed interest in the chemistry
of ene-diols.

Now heretofore, with the exception of reduc-
tone® (I), it has never been possible to isolate an
ene-diol in an open chain compound except in a
system with the chain —COCHOHCOCO—.4

OH OH O
I

This investigation was undertaken in an at-
tempt to make a new ene-diol with the same open
chain carbon skeleton as is present in reductone.
The likelihood of accomplishing this end seemed
to lie in the possibility of obtaining a system with
a chain —COCHOHCO— or —CHOHCOCO—
with a hydrogen sufficiently active to shift. It
had already been pointed out® that dibenzoylcar-
binol, which contains the first of these chains, does
not exist as an ene-diol. Kohler and Thompson®
have shown that it is possible to follow, step by
step, the isomerization of an hydroxy ketone in

tion with the reduction products of dimesityl-
butanetrione enol and its methyl ethers.”

With a knowledge of the structure of reductone,
and knowing that oxymethylene-p-bromoaceto-
phenone (II) is enolic because of the presence of
the very active aldehydic carbonyl group, we
chose this substance as our starting material.
The method of preparation of oxymethylene-p-
bromoacetophenone® gives such poor yields that
we had to modify the procedure in order to get
sufficient material with which to work. This
substance is 679, enolic; gives an O-acetate (III);
an O-benzoate (IV); and a monobromo deriva-
tive (V). When the monobromo derivative,
which is 1009, enolic, was heated with potassium
acetate in glacial acetic acid, decomposition with
charring occurred, and no carbinol acetate could
be isolated. We had hoped to hydrolyze the car-
binol acetate to the carbinol which presumably
would have shown some indications of an ene-
diolic nature. The parent substance, as well as
its acyl derivatives, is hydrolyzed in hydrochloric
acid—-alcoholic solution to p-bromoacetophenone

Alc. ’
P-BrCeH4COCH3 + HCO.,H @C— P‘BTCGH4ﬁ—CH=CH _— P-BIC6H4CCH—CH
HCl

| <=7 I I
(o} OoH KI + H, O Br O
l iI v
. L CH;COC1

(CH;CO0):0

j)-BrCeHA;COCH:?H
I1I OCOCH;
»-BrCsH,COCH; + HCO,H + CH;CO.H

solution by way of an intermediate ene-diol,
which, however, was too unstable to isolate.

More recently still, substances of an ene-diolic
nature have been indicated in solution in connec-

(1) This report is the summary of a thesis presented in partial
fulfilment of the requirements for the Master’s Degree.

(2) (a) Hirst, Chemistry and Industry, 52, 221 (1933); (b) Reich-
stein, Griissner, and Oppenauer, Helv. Chim. Acta, 16, 561, 1019
(1933); 17, 510 (1934); (c) Haworth, et al., J. Chem. Soc., 1419
(1938); 62, 1192 (1934); (d) Reichstein and Griissner, Hely. Chim.
Acta, 17, 311 (1934).

(8) Norrish and Griffiths, J. Chem. Soc., 2837 (1928).

(4) (a) Karrer and v. Segesser, Helv. Chim. Acta, 18, 273 (1935);
(b) Karrer and Musante, ibid., p. 1140; (c) A. H. Blatt, Tais
JournNaL, 57, 1103 (1935); 68, 1894 (1936). ’

(5) A. H. Blatt and W. Lincoln Hawkins, bid., 68, 81 (1936).

(6) E. P. Kohler and R. B. Thompson, ibid., 59, 887 (1937).

p-BrCaH4COCH=(I:H
Iy OCOCH;
p—BrCeH4COCH3 + HCO.H + C¢H;CO.H

Kohler and Thompson® state that the group
—CHCO-Mes promotes enolization and enhances
the stability of the enol. Attention also has been
called® not only to the activating influence of the
mesityl nucleus upon an o-hydrogen in mesityl-
benzylglyoxal and B-phenylbenzylmesitylglyoxal,
but also to its stabilizing influence. _

A similar activating effect on an a-halogen atom
has also been observed in connection with the
coupling reaction of «-bromo-g-phenylbenzyl-

(7) Robert E. Lutz and John L. Wood, ibid., 60, 705 (1938).

(8) Erich Benary, Ber:, 61, 2252 (1928).

(9) (a) R. P. Barnes, THIS JournaL, 57, 937 (1935), (b) 60,
1168 (1938).
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Bra KAc
CsH;CH=C—COMes —> C¢H;CHCOCOMes —>

| HAc
OH

R. P. BARNES AND LEILA S. GREEN

CdIsCH*COCOMes]
<
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CsH;C—————C—COMes
OCOCH; OH

OCOCH;

KI +H* Br VI VIII
€ —
H.0,
—> CeH;CO:H + MesCOOH + CH;COOC.H;
NaOH
VIII 1
Concd. CH;COCl
H,S04
Conced.
CeH;C=C—COMes <«— C¢H;C=—=-==- C-—n COMes
| | H,S0,
OH OH OCOCH; OCOCH,
X IX

glyoxal® and the substitution reaction®™ whereby
it has been possible to obtain an a-oxy-a-dike-
tone and its acetate, in spite of the fact that gen-
erally substitution on a methylene group a- to a
carbonyl group has a tendency to decrease the
activity of remaining substituents. Therefore we
set out to test this effect on a-bromobenzylmesi-
tylglyoxal (VI).

The enolic modification of benzylmesitylglyoxal

was brominated in cold absolute ethereal solution,
producing a golden-yellow oil (VI) which could
not be crystallized from any solvent. In acetone
solution with hydriodic acid this product is easily
reduced to the parent enol. The golden-yellow
monobromo compound is 249, enolic. It was
dissolved in glacial acetic acid and refluxed with
an excess of freshly fused potassium acetate,
whereupon potassium bromide separated out.
There was no noticeable change in color of the
solution. Contrary to the opinion held by Kohler
and Brown,® and contrary to the mechanism
proposed by Blatt,!! this a-bromo-ae-diketone re-
acts by way of a direct substitution reaction to
produce the acetate (VII) of the a-oxy-a-dike-
tone. This substance could not be obtained solid.
Its methyl alcoholic solution is of a deep red-wine
color. On standing overnight in the cold, this
solution deposits a beautiful pale peach-colored
solid (VIII), which gives a cherry-red color with
alcoholic ferric chloride, and is 1009, enolic.
This enolic modification of the acetate (VIII) is
hydrolyzed simultaneously and cleaved by means
of alkaline hydrogen peroxide with the production

0—0

of benzoic and trimethylbenzoic acids and ethyl
acetate.

When the monoacetate (VIII) is refluxed with
acetyl chloride it is converted quantitatively into
the diacetate (IX). This substance is a pale
lemon-yellow solid which produces no color with
alcoholic ferric chloride. These acetates are re-
covered unchanged after refluxing their alcoholic
solutions with both hydrochloric and sulfuric
acids.

Both the mono- and diacetates dissolve in
coned. sulfuric acid with the production of deep
orange-colored solutions. When poured over
finely crushed ice, an odor of ethyl acetate and a
light yellow solid are formed. The yellow solid
is the ene-diol (X). It gives a deep greenish-blue
color with alcoholic ferric chloride, and is 379
ene-diolic in methyl alcoholic solution as indi-
cated by titration with standard iodine solution.

The ene-diol (X) is not a very stable substance.
In the solid state or in solution in peroxide-free
ether, it quite readily undergoes autoxidation
with production of the tri- and diketones,? (XI)
and (XII), respectively, and hydrogen peroxide.
The course of the reaction is best followed in per-
oxide-free ether, for thus an acidulated potassium
iodide solution rapidly colors up red due to the
peroxide oxidation of hydriodic acid to free iodine.
The oxidizing substance must be hydrogen per-
oxide, since oxidation by means of the organic
peroxide (XIII) probably would result in a cleav-
age of the molecule to benzoic and mesitylgly-
oxylic acids.

0; [ ! '
CoH:C=C—COMes —> | CiH; C—C—COMes | —> CsHiCOCOCOMes + H;0,

] -
OH OH }OH OH

(10) E.P. Kohler and F. W. Brown, Tu1s JOURNAL, 55, 4299 (1933).
(11) A. H. Blatt, J. Wash. Acad. Sci., 28, 1 (1938).

XI

!
CeH,COCOMes + CO;
XII

(12) Gray and Fuson, THis JOURNAL, 56, 730 (1934); Weinstock
and Fuson, ibid., 58, 1233 (1936).
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The ene-diol (X) also suffers oxidation in an acidu-
lated jodine solution. The products of this re-
action are the tri- and diketones (XI) and (XII),
respectively. The triketone is a deep orange-
colored solid, melting at 94°; the diketone is pale
yellow and melts at 134°. When the monoace-
tate (VIII) is brominated in chloroform and
heated, the resulting yellow compound is exclu-
sively the diketone. The diketone (XII) is
cleaved quantitatively by alkaline hydrogen
peroxide to benzoic and trimethylbenzoic acids.

a-PHENYL-B-MESITOYL ACETYLENE GLYCOL

15651

one drop of concd. sulfuric acid. The solution turned red
and became hot. The mass solidified. It was dried over-
night n vacuo, yielding 6.2 g. of crude solid. It was
crystallized from methyl alcohol in glistening light yellow
scales melting at 125°.

Anal. Caled. for CyHyO3Br: C, 48.8; H, 3.4. Found:
C,49.0; H, 3.4.

This substance decolorizes permanganate and bromine
solutions. It produces no immediate color with alcoholic
ferric chloride, but a cherry-red color slowly develops on
standing. It is hydrolyzed completely by alcoholic hydro-
chloric acid to ethyl acetate and p-bromoacetophenone,
identified by comparison with an authentic sample.

I
CHyC—C—COMes —> CHiCOCOCOMes 4 CsH,COCOMes + CO;

H OH X1 XII
Brz
CeH;C———=C—COMes —> [ C:H;CBr—COCOMes
| - | —> CeH;COCOCOMes + CH;COBr
OCOCH; OH OCOCH;

H.0,
CsH;COCOMes —> CgH;COOH + MesCOOH

NaOH

This behavior of the triketone (XI) is consistent
with what is known of the chemistry of polyke-
tones, for Gray and Fuson'? have found that di-
mesityl tetraketone (XIV) upon heating in alco-
holic or glacial acetic acid solution is changed into
the corresponding triketone (XV). It seems
therefore that dimesityl triketone is far more
stable than phenylmesityl triketone, a fact which
still further substantiates the stabilizing effect of
the mesityl group.
MesCOCOCOCOMes —> MesCOCOCOMes
X1V XV

Further investigation of the properties of this
ene-diol and its derivatives is in progress.

Experimental

Preparation of Oxymethylene-p-bromoacetophenone
(II).—A solution of 7.0 g. of metallic sodium in a mixture
of 30 cc. of absolute alcohol and 100 cc. of absolute benzene
was obtained on long refluxing. It solidified on cooling.
To this crystalline mass was added 52 g. of p-bromoaceto-
phenone dissolved in 35 g. of pure ethyl formate. The
reaction mixture warmed up; the alcoholate dissolved;
the solution became brown and a crystal meal was formed.
It was allowed to stand overnight at room temperature,
and was then filtered and washed with alcohol and finally
with ether. The yield was 52 g. of cream colored solid.
This sodium compound was dissolved in a large volume of
water, filtered and acidified with cold dilute sulfuric acid
with rapid stirring. A yield of 45 g. of hard yellow
needles, melting at 71°, was obtained. Kurt Myer titra-
tions show that this compound is 67%, enolic.

The Acetate of Oxymethylene-p-bromoacetophenone
(III).—A solution of 5.0 g. of oxymethylene-p-bromoaceto-
phenone was made by warming with the smallest possible
amount of acetic anhydride. To the solution was added

(13) Gray and Fusoun, THIS JOURNAL, 56, 2100 (1934).

The Benzoate of Oxymethylene-p-bromoacetophenone
(IV).—To a solution of 2.27 g. of the oxymethylene-p-
bromoacetophenone in 50 cc. of ether was added 2 'g. of
benzoyl chloride. Slowly and with constant shaking, 10%,
sodium hydroxide was added dropwise to this ethereal
solution. With the addition of each drop of alkali an
orange-red color was produced. The color disappeared on
shaking. The addition of sodium hydroxide was con-
tinued until the aqueous layer was permanently alkaline.
A yellow solid separated out. The ether was blown off,
the solid filtered and washed with sodium hydroxide solu-
tion and finally with water. The crude dry material
weighed 3.5 g. It was recrystallized from methyl alcohol
in bright yellow crystals, melting at 112°,

Amnal, Caled. for C4HuO:Br: C, 58.0; H, 3.4. Found:
C, 584; H, 3.7.

The benzoate also reduces potassium permanganate,
adds bromine and very slowly develops a cherry-red color
with alcoholic ferric chloride. It is completely hydrolyzed
by alcoholic hydrochloric acid to ethyl benzoate and p-
bromoacetophenone, identified by comparison with an
authentic sample. .

a-Bromo-oxymethylene-p-bromoacetophenone (V).—To
a chilled solution of 16.5 g. of bromine in 150 cc. of chloro-
form was added slowly and with rapid stirring 20 g, of the
sodium derivative of oxymethylene-p-bromoacetophenone.
The solution finally became colorless. Sodium bromide
was formed. The suspension was filtered and the sodium
bromide washed thoroughly with chloroform. The chloro-
form was evaporated and the colorless glassy residue was
taken up in hot glacial acetic acid from which it crystallized
in shining colorless crystals, melting at 112°,

Anal. Caled. for CgHgO:Br;: C, 35.3; H, 2.0. Found:
C,35.9; H, 2.5,

The bromo compound gives a beautiful light red color in
alcoholic ferric chloride solution. In acetone solution it is
reduced quantitatively to oxymethylene-p-bromoaceto-
phenone by means of potassium iodide in acid solution.

A differential Kurt Meyer titration indicates that the

St

%%
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bromo compound is 1009, enolic, for two atoms of iodine
are liberated per mole of bromo compound.

a-Bromobenzylmesitylglyoxal (VI).—An absolute ethe-
real solution of 15.5 g. of benzylmesitylglyoxal in 100 cc.
of absolute ether was chilled and treated dropwise with the
calculated quantity of bromine. With the addition of
each drop of bromine the red color faded on shaking.
Finally copious fumes of hydrogen bromide were given off.
The hydrogen bromide and ether were pumped off, leaving
20.2 g. of a golden-yellow oil which could not be crystal-
lized from any solvent.

Anal. Caled. for CisHy,0.Br: C, 62.3; H,4.9. Found:
C, 62.3; H, 5.1.

The bromo compound gives a red color with alcoholic
ferric chloride, and is easily reduced by hydriodic acid to
the parent a-diketone. Differential titrations show it to
be 249, enolic.

The Acetate of a-Oxybenzylmesityl-a-diketone (VII-
VIII).—The bromo compound above (20.2 g.) was dis-
solved in 100 cc. of glacial acetic acid and refluxed for
thirty minutes with 40 g. of freshly fused potassium ace-
tate. Potassium bromide crystallized out. The solution
was allowed to cool and was poured into a large volume of
water. A deep yellow oil separated out. The yield was
15g. It was dissolved in methyl alcohol, producing a deep
red wine-colored solution, which could not be crystallized
immediately. On standing overnight in the cold, how-
ever, a very pale peach-colored crystalline solid separated
out. The yield was 11 g., melting at 71°,

Anal. Caled. for CypHgO4: C, 74.0; H, 6.2. Found:
C,74.3; H, 64.

It gives a red wine-colored solution with alcoholic
ferric chloride and is 100% enolic. It -is recovered un-
changed after refluxing its alcoholic hydrochloric or alco-
holic sulfuric acid solution for one hour.

Upon treatment with alkaline hydrogen peroxide an odor
of ethyl acetate is observed and the compound is cleaved,
yielding benzoic and trimethylbenzoic acids, each of which
was identified by comparison with authentic samples.

The Diacetate of a-Phenyl-g-mesitoylacetylene Glycol
(IX).—Excess acetyl chloride was added to 3 g. of the
acetate of a-oxybenzyl-a-diketone in which it dissolved.
It was refluxed for thirty minutes. The acetyl chloride
was pumped off over solid sodium hydroxide. A glassy
residue was left. It was dissolved in hot methyl alcohol
from which it crystallized in pale lemon-yellow crystals,
melting at 131°,

Amnal. Caled. for CpHxO;5: C, 72.1; H, 6.0. Found:
C,72.1; H, 6.4.

It produces no color with alcoholic ferric chloride, but
reduces permanganate and adds bromine. When refluxed
in alcoholic hydrochloric or alcoholic sulfuric acid solution,
it is recovered unchanged.

a-Phenyl-g-mesitoylacetylene Glycol (X).—To 30 cc. of
chilled concd. sulfuric acid was added 2.5 g. of the mono-
acetate. In three minutes, with stirring, a deep orange-red
transparent solution resulted. This solution was poured
over finely crushed ice, with the production of a light yel-
low solid. The suspension was allowed to stand overnight
in the cold protected from air. A granular crystalline
solid was obtained on filtering and washing with iced
water. The yield was 2.2 g., melting at 79-80°.

R. P. BARNES AND LEILA S. GREEN
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Anal. Caled. for Ci3Hys05: C, 76.6; H, 6.4. Found:
C,76.4; H,6.9.

This substance produces a deep green-blue color with
alcoholic ferric chloride. The color fades slowly to
yellow.

Iodine Titration of Ene-diol.—The following samples of
the ene-diol were dissolved in 20 cc. of 95%, alcohol each
and acidified with 3 cc. of 109 sulfuric acid. Excess of
standard iodine solution was then added, and the unused
iodine titrated immediately with standard thiosulfate, 1.0
cc. of NViodine = 0.142 g. of ene-diol.

Vol.of  Vol. of N thio
I used required as Vol. of 1
Wt. of as 0.1056 0.1003 N used % Ene-
No. sample, g. N I, cc. thio, cc. up, cc. diol
I 0.0168 1.7334 1.6890 0.0444 37.48
1I .0714 1.8846 1.6990 . 1856 36.49
Mean 36.98

The Tri- and Diketones (XI and XII).—These poly-
ketones are obtained under a variety of conditions.

When the solid ene-diol is exposed to atmospheric oxy-
gen it becomes sticky and finally solidifies. It then
produces no color with alcoholic ferric chloride. This
solid upon solution in methyl alcohol and chilling gives a
deep orange solid, melting at 94°.

Anal. Caled. for CisHi60;5: C, 77.14; H, 5.7. Found:
C, 77.03; H, 5.8.

The mother liquor from this crystallization on concen-
trating gives a light yellow solid melting at 134°.

Anal. Caled. for CiyHi60.: C, 80.9; H, 6.4. Found:
C,81.1; H, 6.6.

It is sparingly soluble in methyl alcohol. It is cleaved
quantitatively by alkaline hydrogen peroxide to benzoic
and trimethylbenzoic acids, identified by comparison with
authentic samples.

When an ethereal solution of the ene-diol is allowed to
stand for a few minutes, it loses its ability to produce color
with alcoholic ferric chloride. It liberates iodine very
rapidly from an acidulated potassium iodide solution; and
on evaporation leaves a residue which upon crystallization
from methyl alcohol yields a deep orange solid, melting at
94° and a lighter yellow substance whose melting point is
134°. Mixed melting points with the above analyzed
samples are unchanged.

A solution of 2 g. of the ene-diol in 30 cc. of alcohol
was acidified with 5 cc. of 109 sulfuric acid. To this
solution approximately 0.1 N iodine was added slowly.
The alcoholic solution decolorized the iodine solution very
rapidly. Finally it was allowed to stand overnight in the
presence of excess iodine, Deep orange crystals melting
at 94° were obtained. The mother liquor from a recrys-
tallization gave the 134° product.

A solution of 1 g. of the ene-diol in 10 cc. of chloroform
was treated in the cold with 0.6 g. of bromine in 5 cc. of
chloroform. The chloroform solution avidly absorbed
each drop of the bromine. Hydrogen bromide was
evolved. The chloroform was pumped off and the residue
taken up in methyl alcohol. The product of this crystal-
lization was exclusively the light yellow substance, melting
point and mixed melting point with the above analyzed
sample unchanged. ‘
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A solution of the ene-diol in alcoholic ferric chloride pro-
duces a deep green-blue color which gradually fades to yel-
low on standing. Evaporation of this solution yields a
light yellow solid, melting point and mixed melting point
with the above 134° melting compound unchanged.

Summary
Herein are reported the preparation and prop-

DERIVATIVES OF 4-AMINOBENZENESULFONANILIDE
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erties of a new ene-diol having the open chain
—C=C—C—
| | | , and some further evidences of the
OH OH O

activating influence of the mesityl nucleus upon
a-substituents together with its stabilizing effects
on the resulting compound.

WasnINGTON, D. C. REecEIVED MAY 10, 1938

[ConTRIBUTION FROM THE COLLEGE OF PHARMACY, UNIVERSITY OF ILLINOIS]

Derivatives of 4-Aminobenzenesulfonanilide. I

By G. L. WEBSTER AND L. D. POWERS

Following the observation made by Trefouel,
Trefouel, Nitti and Bovet! that 4-aminobenzene-
sulfonamide was a valuable therapeutic agent in
the treatment of infections caused by the $-hemo-
lytic streptococcus, a large number of deriva-
tives and analogs of this compound were tested in
the search for other compounds which would be
effective against the same and other organisms.
Biological tests have shown only a few substances
which have comparable action against bacterial
organisms of any type.

It has been shown by Buttle, Gray and Stephen-
son? and by Rosenthal, Bauer and Branham? that,
when given in equal molecular doses, 4-amino-
benzenesulfonanilide is just as effective against
preumococcic infections in mice as is 4-aminoben-
zenesulfonamide. It has also been shown!? that
the presence of an amino group para to the sul-
fonamide group is necessary for therapeutic action.

Only a few derivatives of 4-aminobenzenesul-
fonanilide, in which an amino or a nitro group has
been substituted for a hydrogen atom: of the ani-
lide ring, have been reported in the literature.
Whitby* has published results on the protective
action of the tartrates of 4,4’-diaminobenzenesul-
fonanilide and 4,3’-diaminobenzenesulfonanilide
against experimental infections in mice and Bauer
and Rosenthal® have reported their results with
the first of these two diamines and with 4-amino-
benzenesulfon-4’-nitroanilide. ~The authors of
these papers presented no syntheses or chemical
characterization of these compounds.

(1) Trefouel, Trefouel, Nitti and Bovet, Compt. rend. soc. biol.,
120, 756 (1935).

(2) Buttle, Gray and Stephenson, Lancet, 1, 1286 (1936).

(3) Rosenthal, Bauer and Branham, U. S. Pub. Health Repts.,
52, 662 (1937).

(4) Whitby, Lancet, I, 1517 (1937).

(5) Bauer and Rosenthal, U. S. Pub. Health Repts., 53, 40 (1938).

We have prepared a series of derivatives of 4-
aminobenzenesulfonanilide in which a hydrogen
atom of the anilide ring has been substituted with
a nitro, amino or hydroxyl group in the hope that
hiological tests might disclose active chemothera-
peutic agents.

Preliminary reports to us have indicated that
several of these compounds show some slight pro-
tective action against experimental streptococcal
infections in mice and one, 4-acetaminobenzene-
sulfon-4'-aminoanilide, has been described as mod-
erately effective.® A more detailed report will be
published elsewhere by Dr. Long.

Nitro derivatives of 4-acetaminobenzenesulfon-
anilide were prepared by the action of 4-acet-
aminobenzenesulfonchloride on a hot solution of
the nitroaniline in dimethylaniline.

The corresponding amino derivatives were pre-
pared by the ferrous hydroxide reduction method
of Jacobs and Heidelberger.”

The hydroxyl derivatives of 4-acetaminoben-
zenesulfonanilide were prepared by the action of
4-acetaminobenzenesulfonchloride on a hot aque-
ous solution of the corresponding aminophenol
and also by the method used for preparing the
nitro derivatives.

Preparation of derivatives of 4-aminobenzene- .
sulfonanilide was accomplished by boiling the
acetamino compounds with an alcoholic solution
of hydrochloric acid.

Diazotization of 4-acetaminobenzenesulfon-3’-
aminoanilide and heating the resulting solution
yielded the corresponding 3’-hydroxy derivative.
Diazotization of 4-acetaminobenzenesulfon-4’-
aminoanilide and boiling the diazonium solution

(6) Private communication from Dr. Perrin H. Long, The Johns
Hopkins Hospital.
(7) Jacobs and Heidelberger, THis JOURNAL, 39, 1435 (1917).
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TABLE I
Name Nitrogen, %% Sulfur, %b

4-Acetaminobenzenesulfon- M. p., °C. Formula aled. Found Caled. Found
2’-Nitroanilide 200-201 CiH130:N3S 12.53 12.22° 9.56 9.50
3’-Nitroanilide 236-237 C1aH1305N3S 12.53 12.53° 9.56 9.55
4’-Nitroanilide 237-238 CrH;30:N3S - 12.53 12.22¢ 9.56 9.65
2’-Aminoanilide 222-223 C1H150:N58 13.77 13.48 10.50 10.47
3’-Aminoanilide 217-218 C1eH;50;N3S 13.77 13.53 10.50 10.28
4’-Aminoanilide 232 C1H;1;0:N3S 13.77 13.68 10.50 10.60
2’-Hydroxyanilide 216217 CuH14O4N,S 9.15 9.00 10.47 10.43
3’-Hydroxyanilide 217-218 C1aH1404N,S 9.15 9.07 10.47 10.29
4’-Hydroxyanilide @ ..... ° C1.H1:04N,S 9.15 9.01 10.47 10.43
4’-Acetaminoanilide =~ ..... ¢ CisH17O4N;S 11.76 11.66 8.97 8.80

® Unless otherwise indicated nitrogen was determined by the Kjeldahl method.

¥ Sulfur was determined as barium

sulfate after oxidation of the compound with a mixture of nitric and perchloric acids. ° Dumas method. ¢ Modified
Kjeldahl method, Assoc. Official Agr. Chem., Tentative and Official Methods of Analysis, 1930, p. 11. ° No m. p.
below 260°.
TaBLE IT*
Name Nitrogen, %% Sulfur, %?b
4-Aminobenzenesulfon- M. p., °C. Formula Caled. Found Caled. Found
3’-Nitroanilide 171-172 C1eHy;; O4N,S 14.33 14.11¢ 10.94 10.72
4’-Nitroanilide 165-166 CieH;3;04N;S 14.33 14.11¢ 10.94 10.85
2/-Aminoanilide 201-202 C1oH130,N:S 15.97 15.72 12.18 12.00
3’-Aminoanilide 176-177 C12H130.N;S 15.97 15.85 12.18 12.03
4’-Aminoanilide 155-156 C12H130,N;3S 15.97 15.78 12.18 12.01
2/-Hydroxyanilide 182-183 C12H1205N,S 10.60 10.55 12.14 12.06
3'-Hydroxyanilide 195-196 -C12H1205N,.S 10.60 10.58 12.14 12.04
4’-Hydroxyanilide 196-197 C12H1203NS 10.60 10.58 12.14 12.07

* The significance of the notations in this table is the same as in Table I.

yielded 4-aminobenzenesulfon-4’-hydroxyanilide.
When 4-acetaminobenzenesulfon-2’-aminoanilide
in dilute sulfuric acid solution was treated with
nitrous acid the o-diazoimide of 4-acetaminoben-
zenesulfonanilide was formed.

Experimental Part

4-Acetaminobenzenesulfonnitroanilides.—A solution of
13.8 g. (0.1 mole) of 2-(3- or 4)-nitroaniline in 50 cc. of dry,
hot dimethylaniline was treated with 23.3 g. (0.1 mole) of
crude 4-acetaminobenzenesulfonchloride® added in several
portions.® The mixture was heated for one hour, on a
steam-bath, cooled and the dimethylaniline removed by
treating the mixture with cold 1:1 hydrochloric acid.
The 2’- and 4’-nitroanilides were obtained first as gums
which crystallized after repeated washings with the dilute
acid. The 3’-nitroanilide was obtained as a granular mass
immediately. The yield of the 2’-nitroanilide was 10 g.;
3’-nitroanilide, 30 g.; 4’-nitroanilide, 15 g.

4-Acetaminobenzenesulfonaminoanilides.—A  solution
of 200 g. of technical ferrous sulfate in 500 cc. of water was
made alkaline with a 109, solution of sodium hydroxide
(about 700 cc.). A solution of 33.5 g. (0.1 mole) of the 4-
acetaminobenzenenitroanilide in 250 cc. of 109, sodium
hydroxide solution was added and the mixture well stirred
for fifteen minutes. The mixture was filtered through a
large suction filter and the ferric hydroxide residue ex-
tracted again with about 300 cc. of water. The combined

(8) Org. Syntheses, 5, 3 (1925).

(9) Ullmann and Gross, Ber., 43, 2694 (1910), prepared toluene-
sulfontoluide by this method using diethylaniline as a solvent.

filtrates were acidified to litmus paper with acetic acid and
the precipitated aminoanilide recovered by filtration.

4 - Acetaminobenzenesulfonhydroxyanilides.—These
compounds were made (a) by the method described above
for the preparation of the nitro derivatives. The yields
of hydroxyanilides were smaller than those obtained by the
following method. (b) A solution of 21.8 g. (0.2 mole) of 4-
aminophenol in 1800 cc. of water at 75° containing 17 g. of
anhydrous sodium acetate was treated with 58 g. of par-
tially dried crude 4-acetaminobenzenesulfonchloride, esti-
mated to be 809, pure, with mechanical stirring. Stirring
was continued for thirty minutes, the mixture cooled and
filtered. The yield of crude, air-dried product was 42 g.
The isomeric hydroxyanilides were prepared in like yield.

The derivatives of 4-acetaminobenzenesulfonanilide de-
scribed above are insoluble in water, ether and benzene;
soluble in alcohol, acetone, dioxane and acetic acid.
They may be crystallized from alcohol or from diluted
alcohol of suitable concentration (50-20%). They dis-
solve in dilute (10% or less) sodium hydroxide solutions
from which the sodium salt is precipitated by the addition
of more concentrated alkali. The amino derivatives dis-
solve in dilute solutious of mineral acids.

4,4’ - Diacetaminobenzenesulfonanilide.—This  com-
pound was prepared from 4-acetaminobenzenesulfon-4’-
aminoanilide by warming with an excess of acetic anhy-
dride. It is insoluble in water and most of the usual
organic solvents. It can be crystallized from a large
volume of acetic acid.

.Hydrolysis of the Acetyl Group.—A mixture of 10 g. of
the 4-acetaminobenzenesulfonanilide in 200 cc. of alcohol
and 15 cc. of coned. hydrochloric acid was refluxed on a
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steam-bath for two hours. The alcohol was distilled off
and the residue dissolved or suspended in 75 cc. of water.
The aqueous mixture was cooled and made alkaline with
ammonium hydroxide and then slightly acid with acetic
acid. The desired 4-aminobenzenesulfonanilide was ob-
tained by filtration.

The derivatives of 4-aminobenzenesulfonanilide pre-
pared as described above are insoluble in ether and ben-
zene; slightly soluble in cold water but appreciably soluble
in boiling water; soluble in alcohol, acetone, dioxane and
acetic acid. They may be crystallized from diluted alco-
hol (509, for the nitro derivatives, 35-20%, for the amino
derivatives) or from water (hydroxy derivatives). Amino
and hydroxy derivatives were crystallized in an atmos-
phere of carbon dioxide. All of these compounds are
soluble in dilute sodium hydroxide solutions and in dilute
mineral acids.

4,4’-Diaminobenzenesulfonanilide Dihydrochloride.—
To a solution of 1.2 g. of the pure base in a mixture of 10
cc. of alcohol and 1 cc. of conced. hydrochloric acid an
additional 5 cc. of concd. hydrochloric acid was added.
The precipitated dihydrochloride was filtered and dried in
a desiccator over calcium chloride and sodium hydroxide.
The white crystals begin to decompose at 200°. A solu-
tion (1:1000) in water has pH 2.5. Anal.® Caled. for
Cr:Hp50:N3CLS: Cl: 21.10; Found: CI, 21.27.

Diazotization. of 4-Acetaminobenzenesulfon-2’-amino-
an‘lide.—A solution of 3.05 g. (0.1 mole) of 4-acetamino-
benzenesulfon-2’-aminoanilide in a mixture of 250 cc. of
water and 5 cc. of concentrated sulfuric acid was diazotized
with 0.7 g. (0.1 mole) of sodium nitrite, dissolved in 14 cc.
of water, at room temperature. The o-diazoimide of 4-
acetaminobenzenesulfonanilide is precipitated from the
reaction mixture immediately.

The product was filtered from the reaction mixture and
washed with hot water to remove inorganic compounds and
recrystallized from 509 alcohol. The yield was 2.5 g.
This compound was stable at the boiling temperature of the
mixture but, when recrystallized and dried, it decomposed

(10) Method of Thompson and Oakdale, THiS JoURNAL, 62, 1195
(1930).
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at 138-140°. The reaction is analogous to that reported
by Morgan and Micklethwait!! in the diazotization of
benzenesulfon-2’-aminoanilide. A4nal. Caled. for CpaHp-
O;N,S: N, 17.72; S, 10.14. Found: N (Dumas), 17.82;
S, 10.07.

Diazotization of 4-Acetaminobenzenesulfon-3’-amino-
anilide.—A solution of 1.5 g. of the 4-acetaminobenzene-
sulfon-3’-aminoanilide in a mixture of 5 cc. of concd.
sulfuric acid and 25 cc. of water was diazotized with 0.35 g.
of sodium nitrite in 7 cc. of water without cooling. The
solution was heated on a steam-bath for one hour, cooled
and filtered. After recrystallization from 209, alcohol,
the compound melted at 217-218°. The mixed melting
point with the product obtained from coupling 3-amino-
phenol with 4-acetaminobenzenesulfonchloride was un-
changed.

Diazotization of 4-Acetaminobenzenesulfon-4'-amino-
anilide.—Three grams of 4-acetaminobenzenesulfon-4’-
aminoanilide dissolved in a mixture of 10 cc. of concd.
sulfuric acid and 50 cc. of water was diazotized, without
cooling, with 0.7 g. of sodium nitrite in 14 cc. of water. A
precipitate formed which dissolved when the temperature
of the solution was raised to 75°. The 'solution was
heated at 90-95° for three hours and then briefly boiled.
After cooling, the solution was made alkaline with ammon-
ium hydroxide and then acid with acetic acid. Recrystal-
lized from water the product melted at 195-196°. The
mixed melting point with 4-aminobenzenesulfon-4’-hy-
droxyanilide was unchanged, indicating that hydrolysis of
the acetyl group had taken place.

Summary

The preparation of a number of new nitro,
amino and hydroxy derivatives of 4-aminoben-
zenesulfonanilide and 4-acetaminobenzenesulfon-
anilide has been described. Work is in progress

on other derivatives of these compounds.
CHicaco, ILLINOIS RECEIVED APrIL 23, 1938

(11) Morgan and Micklethwait, J. Chem. Soc., 87, 73 (1905).

[CONTRIBUTION FROM THE SCHOOL OF CHEMISTRY AND PHYSICS OF THE PENNSYLVANIA STATE COLLEGE]

Sterols.

XXXV. Carbinols from Stallions’ Urine

By RusseLL E. MARKER, ELMER J. LAwsON, EWALD ROHRMANN AND EUGENE L. WITTLE

Although the presence of oestrone in stallions’
urine has been reported by several investigators,*
apparently no work has been done on the neutral
fractions from this source.

As part of an extensive investigation of the
steroid substances in various urines, we have made
a preliminary study of stallions’ urine. After hy-
drolysis of the urine, and removal of the phenolic

(1) For the literature on this subject, see Fieser, ‘‘Chemistry of
Natural Products Related to Phenanthrene,” 2nd ed., Reinhold
Publishing Corp., New York, N. V., 1936, pp. 198-199,

and acidic substances with alkali, the neutral
extract was treated with Girard’s reagent. Only
a very small amount of ketonic material, amount-
ing to 100 mg. per 200 gallons (760 liters) was ob-
tained. The non-ketonic fraction was treated
with phthalic anhydride and pyridine to separate
the carbinols. The carbinol fraction was treated
with digitonin to separate the B-sterols. From
the digitonide a sterol of m. p. 134° was obtained.
This sterol does not decolorize bromine in acetic
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acid, yields an acetate melting at 124°, and re-
mains largely unepimerized after treatment with
sodium in boiling xylene. In view of its source,
this sterol has been named B-equistanol. Oxida-
tion of B-equistanol yields the corresponding ke-
tone, equistanone, m. p. 115°. This ketone does
not correspond in its solubility behavior or melt-
ing point to cholestanone, stigmastanone, ergos-
tanone, or +y-sitostanone. The following table
summarizes the properties of these compounds:
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ing beta compounds. Digitonin treatment of the
epimerized mixture yielded an insoluble digito-
nide, a somewhat soluble digitonide and a carbi-
nol mixture freed of compounds of the 3(8)-type.
The soluble digitonide yielded B-equistanol, show-
ing that the original carbinol mixture from stal-
lions’ urine contained, besides B-equistanol, about
an equal amount of its epimer, a-equistanol.
The latter compound could not, however, be iso-
lated as such from any carbinol fractions.

M. p., °C. M. p., °C. M. p., °C.
B-Equistanol 134 B-Equistyl acetate 124 Equistanone 115
B-Cholestanol 142 B-Cholestyl acetate 115 Cholestanone 130
Stigmastanol 138.5 Stigmastyl acetate 135 Stigmastanone 160
y-Sitostanol 144 v-Sitostyl acetate 143 vy-Sitostanone e
Ergostanol 151 Ergostyl acetate 144 Ergostanone 164

Evidently this sterol is different from any of
the known sterols. Analytical data on B-equi-
stanol, B-equistyl acetate and equistanone are in
best agreement with the formula C3H;O or
CaHz0. We are inclined at present to regard
B-equistanol as a phytosterol which is utilized
incompletely, or not at all, in the metabolism of
the stallion. In view of the herbivorous diet of
the animal and of the widespread occurrence of
B-sitosterol in plants, it is surprising that no -
sitosterol is present in stallions’ urine.

Butenandt? has reported the presence of cho-
lesterol in human male urine (4 mg./gal.), while
Marker? has observed its presence in human preg-
nancy urine. We have found no evidence of choles-
terol either in stallion urine or in mares’ pregnancy
urine. The occurrence of equistanol in both stal-
lion urine and mares’ pregnancy urine* indicates
that it probably originates from the food and isnota
product resulting from the condition of pregnancy.

We cannot overlook the fact that equistanol
may be identical with dihydro-a-tritisterol pre-
pared by Karrer, Salomon and Fritzsche.® Their
compound has 30 carbon atoms with a melting
point about the same as ours, but because of a
lack of derivatives we are unable to make further
comparisons.

The mother liquors from the digitonide were
concentrated and the resulting carbinol mixture
was epimerized with sodium and boiling xylene to
convert any sterols of the allo series, originally
present in the alpha form at C;, to the correspond-

(2) Butenandt and Dannenbaum, Z. physiol. Chem., 248, 151
(1937).

(3) Unpublished results.

(4) Marker and Rohrmann, THIs JournaL, 60, 1565 (1938).

(5) Karrer, Salomon and Fritzsche, Helv. Chim. Acta, 20, 424,
1422 (1937).

The insoluble digitonide yielded a mixture of
carbinols from which a triol, m. p. 295°, and a
tetrol, m. p. 295°, were obtained by crystalliza-
tion of the less volatile fractions obtained after
vacuum sublimation of the mixture. The triol,
m. p. 295°, yielded a triacetate, m. p. 140-145°.
Analytical data agree best with the formula
CyHy0; for this triol. It is evidently a com-
pound of the allo series, and contains a 3(8)-hy-
droxyl group. As it existed in the urine the 3-OH
group was in the epimeric form. We may sup-
pose, by analogy to other carbinols present in
urines, that one of the two remaining hydroxyls is
at Cy, but the position of the third hydroxyl
group is completely unknown. It should be
noted that this carbinol is not present as such in
stallions’ urine, but rather is a transformation
product of a triol of the allo series, having a 3(«)-
hydroxyl group, which was originally present in
the stallions’ urine. These remarks on our
knowledge of the triol, m. p. 295°, also apply to
the tetrol, CyiHgsOs, m. p. 295°. This tetrol may
be a derivative of the products isolated from cor-
tical extracts by Reichstein,® Wintersteiner and
Pfiffner,” and Kendall.® Thus, it is possible that
this compound may be a 3(8),11,20,21-allo-preg-
nanetetrol derived from corticosterone.

The epimerized carbinol mixture not precipi-
table with digitonin was oxidized, and the ketonic
fraction distilled. A considerable amount of a
mixture of ketones with a fruity odor was col-
lected at 80°. After obtaining smaller fractions
at 110-120°, and 120-160°, a fraction distilling at
160-200° was obtained. Crystallization of this

(6) Reichstein, ibid., 19, 29 (1936).
(7) Wintersteiner and Pfiffner, J. Biol. Chem., 111, 599 (1935).
(8) Mason, Myers and Kendall, ibid., 114, 613 (1936),
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fraction from methanol yielded the known urane-
trione, m. p. 247°, as proved by direct comparison
with an authentic sample. Since the carbinol
fraction which yielded uranetrione contained
sterols of the 3(a)-OH type belonging to the nor-
mal series in respect to Cs, it is likely that the
uranetrione was formed from the same uranetriol
which has been found in mares’ pregnancy urine.’
The probable existence of uranetriol in stallions’
urine suggests that uranetriol may not be derived
from compounds having the function of sex hor-
mones. Rather; it is possible that uranetriol
may be derived from the suprarenal cortex or
from some hormone of unknown function. The
latter view receives some support from the iso-
lation of wuranol-11-one-3Y wuranedione,® and
uranediol-3(8)-11'* from mares’ pregnancy urine.

Experimental Part

Isolation of Carbinol Fraction from Stallions’ Utine.—
The concentrated extract from 200 gallons (760 liters) of
stallions’ urine weighed 40 1b, (18.2 kg.). It was steam
distilled for twelve hours with 25 1b. (11.4 kg.) of sodium
hydroxide in 309, aqueous solution, and then extracted
with ether. The ether was evaporated, the residual tar
steam distilled with 5 liters of concd. hydrochloric acid and
5 liters of water, and the non-volatile oil extracted with 10
liters of butanol. To the butanol extract was added 15
liters of heptane, causing the precipitation of much tar.
The solution was decanted from the tar, treated with bone-
black, and the solvents removed 4n vacuo. The sirupy
residue was steam distilled with an excess of 309, aqueous
sodium hydroxide for three hours, and extracted with
ether. The ether was distilled and the residue treated
with Girard’s reagent to obtain about 100 mg. of ketonic
material. The non-ketonic fraction was dried by distilla-
tion with benzene, and treated with 125 g. of phthalic an-
hydride and 150 cc. of pyridine to give 68 g. of carbinols.
The carbinol mixture was dissolved in 1 liter of hot alcohol
and a solution of digitonin added. The next day the mix-
ture was filtered, and washed with alcohol and ether.
There was obtained 8.3 g. of digitonide.

B-Equistanol.—The digitonide obtained as described
above was decomposed by warming for fifteen minutes
with 90 cc. of pyridine. The solution was poured into 500
cc. of ether and the precipitate collected and washed with
ether. The ethereal filtrate was washed with dilute hydro-
chloric acid and water and evaporated to dryness. The
residue was crystallized three times from methanol to give
250 mg. of B-equistanol as needles, m. p. 133°. This sterol
is not very soluble in methanol, somewhat more soluble in
acetone and readily soluble in ether. It does not decolor-
ize bromine in acetic acid solution.

Anal. Caled. for CyH5O: C, 83.7, H, 12.6. Found:
C, 84.0; H, 12.3.

(9) Marker, Kamm, Oakwood, Wittle and Lawson, THIS JOURNAL,
60, 1061 (1938).

(10) Marker, Lawson and Crooks, ibid., 60, 1559 (1938).

(11) Marker, Rohrmann and Wittle, ibid., 60, 1561 (1938).
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Twenty-five milligrams of B-equistanol was refluxed for
twenty minutes with 2 cc. of acetic anhydride. On chilling
the solution B-equistanyl acetate crystallized as shining
plates, m. p. 124°,

Anal. Caled. for CypHy0,: C, 81.3; H, 12.0. Found:
C, 81.4; H, 11.6. Mol. wt. caled. for CgHszO0., 472.5;
caled. for Cg3H50,, 486.5. Found: 485,

Nine milligrams of B-equistanol in 8 cc. of xylene was
refluxed with 80 mg. of sodium for six hours. At the end of
this time the sodium was decomposed with alcohol, the
solution neutralized with dilute hydrochloric acid, and the
organic matter extracted with ether. The ethereal solu-
tion was washed with water, and evaporated to dryness.
The residue was dissolved in a little hot alcohol and to it
was added a solution of 50 mg. of digitonin in 1.5 cc. of hot
alcohol. The next day the precipitated digitonide was
filtered and washed with alcohol and ether. The dried
digitonide weighed 40 mg., corresponding to a recovery of 8
mg. of the sterol. This shows that B-equistanol is a sterol
of the allo series. ’

B-Equistanone.—To a solution of 100 mg. of B-equi-
stanol in 10 cc. of acetic acid was added a solution of 30
mg. of chromic acid in 5 cc. of 909, acetic acid. After
standing for one hour, the solution was diluted with water,
extracted with ether, and the ethereal extract washed
with sodium carbonate solution and water. The ether
was evaporated and the residue distilled in a high vacuum.
The fraction distilling at a bath temperature of 120~150°
was crystallized from diluted methanol to obtain B-equi-
stanone, m, p. 115°. B-Equistanone is quite soluble in
methanol, differing in this respect from cholestanone, §-
sitostanone, and ergostanone.

Amnal. Caled. for CsHgO: C, 84.0; H, 12.2. Found:
C, 84.2; H, 12.1.

B-Equistanol from o-Equistanol in Stallions’ Urine.—
The filtrate from the precipitation of B-equistanol digito-
nide was evaporated and extracted with ether to separate
the a-sterols from some B-equistanol digitonide, which is
somewhat soluble in alcohol. The ethereal solution was
evaporated and the residue refluxed with 600 cc. of xylene
and 25 g. of sodium for nine hours. The sodium was
destroyed with alcohol, the solution neutralized with dilute
hydrochloric acid, and the mixture extracted with ether.
The ethereal extract was washed with water, evaporated,
and the residue, in hot alcohol, treated with a solution of 25
g. of digitonin in 750 cc. of alcohol. After standing over-
night in a refrigerator, the precipitated digitonide was
filtered and washed thoroughly with alcohol and ether.
The digitonide so obtained was set aside for further investi-
gation. The filtrate was evaporated to dryness, leached
with ether, and the soluble digitonide present decomposed
by warming with 20 cc. of pyridine for thirty minutes.
The resulting solution was poured into ether, the precipi-
tated digitonin filtered, and the ethereal filtrate washed
with dilute hydrochloric acid and water. After evaporat-
ing the ether, a crystalline residue remained. This residue
was crystallized from acetone-methanol, and ethyl ace-
tate, to give a product which proved to be B-equistanol,
m. p. 134°,

Anal. Caled. for CgHuO: C, 83.6; H, 12.6. Found:
C, 83.8; H, 12.6.

The sterol did not decolorize bromine in acetic acid.
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‘When warmed with concentrated sulfuric acid, it gave an
orange-red color with a green fluorescence.

Ten mg. of the sterol was refluxed for thirty minutes
with 5 cc. of acetic anhydride. On cooling, the acetate
separated as shining plates. After recrystallization from
methanol, the pure acetate was obtained as needles melting
at 124°. This acetate did not depress the melting point of
B-equistanyl acetate, but showed a marked depression
with B-sitostanyl acetate.

Anal. Caled. for CyHy0:: C, 81.3; H, 12.0. Found:
C, 81.4; H, 11.7. Mol. wt. calcd. for CsHy0s, 472.5; for
Cs33Hgs0s, 486.5. Found: 485.

allo-Triol and allo-Tetrol from Stallions’ Urine.—
The insoluble digitonide from the epimerization of the a-
sterols in stallions’ urine was warmed with 50 cc. of pyri-
dine for thirty minutes and the resulting solution poured
into ether. After filtering and washing the precipitated
digitonin, the filtrate was washed with dilute hydrochloric
acid and water. The ether was evaporated giving 3.1 g. of
residue. Crystallization of the residue from 15 cec. of
methanol gave 120 mg. of a product melting at 295°. The
analysis is that of an allo-pregnanetriol.

Amnal., Caled. for CyHyO3: C, 74.9; H, 10.8. Found:
C, 74.6; H, 10.9.

This compound gave a triacetate melting at 140-145°.

Amnal. Caled. for CyHyOs: C, 70.1; H, 9.2; mol. wt.,
462. Found: C, 70.3; H, 9.3; mol. wt., 457.

This compound originally existed in the urine as the eps
form at C; but due to isomerization with sodium was con-
verted and isolated as the B-form. It is saturated to
bromine, The allo-configuration at C; is established by
the isomerization with sodium to a product precipitated by
digitonin. '

The filtrate from the above triol was sublimed 7z vacuo
and the portion that would not sublime below 200° was
crystallized from methanol. This yielded 12 mg. of a
carbinol melting at 290-295° which gave a depression in
melting point when mixed with the first triol. The com-
position is that of a tetrol.

Anal. Caled. for CaHgOs: C, 71.6; H, 10.0; mol. wt.,
352. Found: C, 71.1; H, 9.85, mol. wt., 362.

Uranetrione from Oxidation of Stallions’ Urine Resi-
dues.—The ethereal leachings from the soluble digitonide
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described in the previous experiment contained chiefly a-
sterols of the regular series at C;. This ethereal solution
was evaporated to dryness and the residue dissolved in 1
liter of acetic acid, and distilled to remove alcohol and
other solvents. The residue was dissolved in 500 cc. of
acetic acid and a solution of 20 g. of chromic acid in 909,
acetic acid added with cooling over a period of fifteen
minutes. The solution was diluted with water and ex-
tracted with ether. The ethereal solution was freed of
acids by washing with sodium carbonate solution, and then
with water. The ether was evaporated and the residue,
dissolved in 500 cc. of alcohol, was heated for thirty min-
utes with 20 g. of Girard’s reagent. Ice was added, and
the solution diluted with water and extracted with ether,
The aqueous layer was heated for thirty minutes on a
steam-bath with an excess of hydrochloric acid. The
cooled solution was thoroughly extracted with ether, and
the ethereal solution evaporated. The residue was dis-
tilled in a high vacuum. A fraction, weighing 1.6 g. and
distilling at 80°, had a fruity odor. However, it appar-
ently was a mixture. A fraction weighing 500 mg. was
collected at 110-120°, and another at 120-160°. A
fourth fraction, distilling at 160-200°, was crystallized
from methanol and washed with cold ether. The product
melted at 247° and gave no depression with uranetrione.

Anal. Caled. for CuHz0;: C, 76.4; H, 9.1.
C,764; H,9.3.

We wish to thank Dr. Oliver Kamm and Parke,
Davis and Company for their generous help and
assistance in various phases of this work.

Found:

Summary

Stallions’ urine yields a carbinol fraction from
which a saturated B-sterol of the allo series may
be obtained. This sterol, B-equistanol, yields
B-equistanone on oxidation. The presence of the
epimer; a-equistanol, and of two triols is also
demonstrated. One of these triols yields urane-
trione on oxidation, but the other triol is probably
of the allo series. It also gave a compound of the
composition of an allo-pregnanetetrol. "

StaTe COLLEGE, PENNA. RECEIVED MARCH 16, 1938
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Sterols.

XXXVI. Ketones from Mares’ Pregnancy Urine

By RusseLL E. MARKER, ELMER J. LAwsON, EUGENE L. WITTLE AND HARRY M. CROOKS

As part of an extensive investigation of urines
from various animal sources, we have been study-
ing during the past two years the steroid content
of mares’ pregnancy urine. We already have re-
ported the presence of pregnanediol,® allo-preg-
nanediol,! uranetriol,? pregnanetriol,? and urane-
diol® in the carbinol fraction from mares’ preg-
nancy urine. The presence of a pregnanetriol
which is probably identical with our pregnanetriol,
was reported earlier by Haslewood, Marrian and
Smith. More recently these authors also have
reported® the presence of pregnanetriol-3,17,20 in
the pregnancy urine of women afflicted with corti-
cal tumors. In the description of our
investigation of the carbinol fraction of
mares’ pregnancy urine we reported the
separation of a ketonic fraction from this
source. Since Heard® has announced the
isolation of a number of ketones from
mares’ pregnancy urine, we feel obliged to

semicarbazone mixture from 30,000 gallons (114,-
000 liters) of mares’ pregnancy urine yielded a
water solution (A) containing Heard’s water-
soluble semicarbazone, an ethereal solution (B)
containing chiefly non-steroidal semicarbazones,
and a solid crude semicarbazone mixture. The
latter on systematic fractional crystallization
from alcohol yielded solid semicarbazones I, II,
IIT and IV and a mother liquor Z. Each fraction
was hydrolyzed with alcoholic sulfuric acid, and
further purifications were effected by high-vacuum
distillation, half-succinate separation, and frac-
tional crystallization.

FLow SHEET

Non-phenolic fraction
from mares’ pregnancy urine
after removal of triols.

report the progress we have made in the
course of a similar study. We are able to
confirm the presence in mares’ urine of
the ketone, m. p. 252°, reported by Heard
and in addition we have found a number
of other steroids present. While a direct

Girard’s
reagent
r .
Non-ketonic Ketonic fraction
fraction
See Paper XXXVII Semicarba-
zine HC1

comparison of our compound with Heard’s v v
ketone has not been made, we believe Water-soluble Ether washings Insol. semicarba-
. X . .. semicarbazones B zones
that the two are identical in view of their A
apparently sn?nlar proper‘fles.' However, Fractionation
molecular weight determinations of our from alcohol
substance (mol. wt. 672) gave a value
twice that of a steroid, indicating that Y
it may be a combination of two sterol Filtrates  Semicarba- Semicarba-  Semicarba- Semicarba-
Z zone IV zone III zone II zone 1

molecules through their oxygen atoms.
This would account for the inactivity of these
atoms. We are not planning further work on
this compound since we feel that Dr. Heard is
entitled to priority in its discovery.

The accompanying diagram shows the scheme
of isolation of our various ketones. The crude

(1) Marker, Kamm, Crooks, Oakwood, Lawson and Wittle, Tr1s
JourNAL, §9, 2297 (1937).

(2) Marker, Kamm, Crooks, Oakwood, Wittle and Lawson,
ibid., 60, 210 (1938).

(3) Marker, Rohrmann and Wittle, ibid., 60, 1561 (1938).

(4) Haslewood, Marrian and Smith, Biochem. J., 28, 1316 (1934).

(5) Marrian and Butler, J. Biol. Chem., 119, LXVI (1937).

(6) Heard, THis JoURNAL, 60, 493 (1938).

We were surprised to find that all of the semi-
carbazones yielded both hydroxylated and hy-
droxyl-free ketones. This occurrence of hydroxyl-
free ketones in mares’ pregnancy urine is in con-
trast to the almost complete absence of such ke-
tones in human pregnancy urine.” Possibly the
course of reduction of progesterone and other
hormones in the mare follows a somewhat different
path, or else reduction may be more complete in
man.

From the most insoluble semicarbazone frac-

(7) Marker, Kamm and McGrew, ibid., 59, 616 (1937)
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tion (I) we have isolated two substances: a ke-
tone which corresponds in properties to Heard’s
ketone, CigHgeOs, m. p. 252°, but has a molecular
weight of 672, and allo-pregnanedione. We have
also some indication of the presence of at least
one other ketone in this hydrolyzed semicarbazone
mixture (I). The presence of allo-pregnanedione
and pregnanedione in mares’ pregnancy urine
lends further support to the hypothesis that
progesterone is the source of most of the steroidal
carbinols and ketones, such as pregnanediol,
allo-pregnanediol, pregnanetriol-3(e),4(8),20(a),?
allo-pregnanol-3(a)-one-20, pregnanol-3-(a)-one-
20, pregnanediol-3(8),20(«),® pregnenediol-3(8),-
20(«),® pregnanedione, and allo-pregnanol-3(8)-
one-20.

Semicarbazones II and III proved to contain
the same components. From the hydrolyzed
semicarbazones there was obtained a new hy-
droxyketone, uranol-11-one-3, the known preg-
nanedione, and allo-pregnanol-3(8)-one-20. The
structure of uranol-11-one-3 is proved by its com-
position and oxidation to uranedione. It did not
form a half-succinate ester, in agreement with the
usual postulated inertness of a hydroxyl group at
Cu. It gave a Zimmermann test showing the
presence of a carbonyl group at C;. The isola-
tion of this substance lends support to the hy-
pothesis that uranedione and the uranediols
(e, and B,a) may be related to some hormone of
as yet unknown function,® although it is possible
that these substances may be derived from the
cortical hormone. The isolation of allo-preg-
nanol-3(8)-one-20 from mares’ pregnancy urine
is interesting in view of the fact that it was first
isolated from corpus luteum extracts.'—4 The
structure of our substance was proved by the
composition, melting point, precipitation with
digitonin, and oxidation to allo-pregnanedione.
This is the first 3(8)-hydroxyketone to be isolated
from urine, although its occurrence had been
foreseen in the light of a proposed course of the
reduction of progesterone.

We have not as yet completed our investigation
of the ketones from semicarbazones A, B, and Z,
since the mixtures have proved to be rather in-

(8) Marker, Kamm, Wittle, Oakwood and Lawson, THIS JOURNAL,
60, 1067 (1938). i

(9) Marker and Rohrmann, ibid., 60, 1565 (1938).

(10) Marker, Lawson, Rohrman and Wittle, ibid., 60, 1555 (1938).

(11) Wintersteiner aud Allen, J. Biol. Chem., 107, 321 (1934).

(12) Hartmann and Wettstein, Helv. Chim. Acta, 17, 1365 (1934).

(13) Butenandt, Westphal and Hohlweg, Z. physiol. Chem., 227,
84 (1934).

(14) Slotta, Ruschig and Fels, Ber., 67, 1270 (1934).
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tractable. Semicarbazones B and Z yield a mix-
ture of neutral and hydroxylated ketones. The
hydroxyketone mixture from semicarbazone Z
does not precipitate digitonin, and therefore no
allo-pregnenol-3(8)-one-20 is present. Distilla-
tion of the neutral and hydroxylated ketones from
B gives chiefly ketones subliming below 125°, and
possessing characteristic odors. Apparently al-
most no steroidal ketones are present in fraction
B.

Because of the small amounts of ketones pres-
ent in mares’ pregnancy urine, a more extensive
investigation of 150,000 gallons (570,000 liters) of
urine is now in progress, and the results of this
study will be reported shortly.

Experimental Part

Isolation of Ketonic Fractions.—The non-phenolic frac-
tion from 30,000 gallons (114,000 liters) of mares’ preg-
nancy urine from which the uranetriol and pregnanetriol
had been removed was dissolved in about 2.5 liters of alco-
hol and heated for one half hour with 400 g. of Girard’s
reagent. Ice and water were added and the non-ketonic
material extracted thoroughly with ether. The aqueous
layer was acidified with an excess of hydrochloric acid and
warmed for one hour on a steam-bath. The ketonic mat-
ter was extracted with ether and the ether extract washed
and concentrated. The residual oil was treated again
with Girard’s reagent to remove a small amount of inert
material which was carried through mechanically. About
30 g. of ketonic material was obtained.

The ketone mixture was dissolved in 300 cc. of alcohol
and boiled for one hour with 50 g. of semicarbazide hydro-
chloride and 60 g. of sodium acetate. The mixture was
distilled to remove almost all the alcohol and the resulting
paste was stirred with water, filtered, and washed with
water and with ether. The water washings were set aside
as semicarbazone fraction A, and the ether washings as
semicarbazone fraction B. The solid semicarbazone mix-
ture, amounting to about 15-20 g., was fractionated from
alcohol. This gave semicarbazone solution Z, and semi-
carbazones I, II, III, and IV  Semicarbazone solutions A
and Z were evaporated to dryness to yield semicarbazones
A and Z. These six semicarbazone fractions were hydro-
lyzed separately by boiling for one hour with fifty parts of
alcohol and fifteen parts of 1:2 dilute sulfuric acid. Each
hydrolysate was diluted with water, extracted with ether,
the ether layer washed with water, and then evaporated to
dryness. With the exception of the ketones from semi-
carbazone I, the residues were converted into the acid
succinates in order to separate hydroxylated ketones from
OH-free ketones.

allo-Pregnanedione and Ketone I from Semicarbazone
I.—Hydrolysis of semicarbazone I gave 1.4 g. of solid
ketones which could not be separated readily by crystal-
lization. Accordingly, the total ketonic material was dis-
tilled in a high vacuum and fractions collected at bath
temperature up to 110, 110-140 and 140-180°. The first
and third fractions were too small to be investigated fur-
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ther. Considerable residue remained in the distillation
vessel. The fraction subliming at 110-140° was crystal-
lized repeatedly from dilute acetone and yielded allo-
pregnanedione, m. p. 196-200°, which gave no depression
in melting point when mixed with authentic allo-pregnane-
dione.

Anal. Caled. for CyHs0:: C, 79.7; H, 10.2. Found:
C, 79.3; H, 10.3. .

The non-distillable residue in the sublimation flask was
crystallized from benzene—pentane, and yielded a crude
ketone (ketone I) which melted at 220°. This ketone
approximated the properties of Heard’s ketone (m. p.
252°) upon further crystallization.

Anal. Found: C, 76.06; H, 9.85; mol. wt. (several
determinations), 672.

The semicarbazone prepared from this ketone melted at
300°.

allo-Pregnanol-3(3)-one-20.—A preliminary investiga-
tion of the hydroxyketone from semicarbazones IT and III
showed that one substance was present in both fractions,
which were therefore combined. This hydroxy ketone was
sublimed in a high vacuum at a bath temperature of 185°,
and the sublimate crystallized from carbon tetrachloride to
give a ketone melting at 193°. This ketone depressed the
melting point of allo-pregnanol-20(B)-one-3 (m. p. 195°),
showed no unsaturation to bromine in acetic acid and gave
a heavy precipitation with an alcoholic solution of digi-
tonin,

A portion oxidized with chromic acid in the usual man-
ner gave allo-pregnanedione, m. p. 197-199°, and showed
no depression with an authentic sample of allo-pregnane-
dione, m. p. 200°.

Anal. Caled. for CuH30:: C, 79.7; H, 10.2. Found:
C,79.7; H, 10.1.

Uranol-11-one-3, Pregnanedione, and Ketone II from
Semicarbazones II and III.—The ketones from semicarba-
zones II and III were distilled separately and fractions
collected at bath temperatures of 135-160°, 160-200°,
leaving considerable amounts of glassy residue. The
fraction 135-160° was crystallized from diluted acetone to
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yield a solid melting over the range 100-135°. - The ma-
terial in the mother liquors was then crystallized repeatedly
from dilute acetone, sublimed in a high vacuum, and then
crystallized from ether-pentane to give pregnanedione, m.
p. 118°, which did not depress the melting point of an
authentic sample, :

Anal. Caled. for CuHg0,: C, 79.7; H, 10.2. Found:
C, 79.5; H, 10.7. )

The fraction subliming at 160-200° was a mixture which
could be separated only with difficulty. Repeated crystal-
lization from dilute alcohol and dilute acetone yielded a
ketone which melted at 165°, and depressed the melting
points of uranedione (m. p. 180°) and allo-pregnanedione
(m. p. 200°). .

Anal. Caled. for CuH30,: C, 79.2; H, 10.8. Found:
C,79.2; H, 10.8.

1t gave a gelatinous semicarbazone melting at 250° with
decomposition.

Oxidation of a sample with chromic acid in the customary
fashion yielded uranedione, m. p. 175-176°, which showed
no depression with an authentic sample of uranedione.

Anal. Caled. for CuHz0,: C, 79.7; H, 10.2. Found:
C, 79.7; H, 10.5.

The glassy residues from sublimation of the neutral ke-
tones up to 200° were combined and crystallized from
benzene—pentane to yield about 100 mg. of a ketone melting
at 115-120°. It did not precipitate with digitonin.

Amnal. Found: C, 74.3; H, 9.65; mol. wt., 462,

We wish to thank Dr. Oliver Kamm and Parke,
Davis and Company for their generous help and
assistance in various phases of this work.

Summary

The ketonic fraction of mares’ pregnancy urine
yielded pregnanedione, allo-pregnanedione, allo-
pregnamnol-3(8)-one-20, and wuranol-1l-one-3 in
addition to the ketone reported by Heard.
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Sterols. XXXVII. ' Uranediol from Mares’ Pregnancy Urine

By RusseLL E. MARKER, EwALD ROHRMANN AND EUGENE L. WITTLE

In paper XXIX! of this series the isolation of
uranetriol from mares’ pregnancy urine was re-
ported. The urane compounds were shown to
differ in structure from pregnane compounds in
the configuration at C,. In the pregnane series
the hydrogen at C, is frans to the methyl group at
Cuo, while in the urane series the hydrogen atom
is considered to be cis to the methyl group. Clem-
mensen reduction of uranetrione gave the parent
hydrocarbon, urane, which is different from either

(1) Marker, et al., THIS JOURNAL, 60, 1061 (1938).

pregnane or allo-pregnane. Evidence was pre-
sented to show that the hydroxyl groups in urane-
triol are located at the 3-, 11- and 20-positions.
The presence of uranediol in mares’ pregnancy
urine was indicated by the fact that oxidation of
a mixture of crude diols gave a diketone which on
Clemmensen reduction yielded the hydrocarbon
urane.

We have now succeeded in isolating uranediol
from the digitonin precipitated fraction of the
ketone-free carbinol fraction of mares’ pregnancy
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urine. Upon oxidation the diol yields a dione
which is identical with that reported in paper
XXIX.! The fact that the substance is precipi-
tated by digitonin indicates the presence of a 8-
hydroxyl group in the C;-position. The dione
formed only a monosemicarbazone and a mono-
2,4-dinitrophenylhydrazone which indicates that
the second hydroxyl group is in the hindered Cy-
position rather than in the C,-position as in the
pregnanediols.

Treatment of uranedione in acetic acid at room
temperature with PtO. catalyst apparently re-
duces only the ketonic group at Cs, since epimeri-
zation of the resulting reduction products with
sodium in xylene results in destruction of the
material. Uranediol forms a diacetate.

Isomerization with sodium in xylene yielded ma-
terial which gave very little precipitation with
digitonin, indicating that the substance has the
normal configuration at Cs.

The relationship of uranetriol to uranediol is
given in the chart.

C|H3 (IIH3
CHOH CH,
HO CH;, HO CH;|
NN AVANVAN
CH;, CH;, l
/N /N
H H l
HO H HO/ H\/
Uranetriol—3(a) Uranediol—3(g)
i{ CrOs l CrO;
T o
C:—O CHz
O CH; O CH;
NN\ AN
CH;; — CH3
/1IN AN
H H
o/ NS o/ NN
H H
Uranetrione Uranedione
T
Zn |+ HCl1 CH, Zn | + HCI
CH3
CH;
| SN / AN I e
N
H
Urane
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It is a striking fact that while uranetriol occurs
in nature with the epi configuration with respect
to the hydroxyl at C;, uranediol possesses the
normal or beta configuration at that position.
The two compounds are closely related chemically
as is shown by the fact that both can be reduced
to the hydrocarbon, urane. It is probable, there-
fore, that they are closely related biologically.
If not related to the active principles of the supra-
renal cortex they may owe their origin to some as
yet uncharacterized hormone.

The separation of uranediol from other digi-
tonin-precipitated substances is greatly facili-
tated by the fact that it forms a digitonide which
is relatively soluble in 959, ethanol. The soluble
digitonide is separated by removing most of the
alcohol and precipitating with ether. The digi-
tonide so formed on decomposition with pyridine
yields uranediol in relatively pure form. Mares’
pregnancy urine contains approximately 5 mg. of
the substance per gallon.

At present uranediol is the only compound
which has been found in urine having the beta
configuration at C; and the regular configuration
at Cs;. That other regular compounds with the
beta configuration at C; are absent is indicated
by the fact that when a mixture of digitonin-
precipitated compounds was epimerized with so-
dium and xylene and the resulting Cs(a) com-
pounds oxidized to ketones the only keétone ob-
tained was uranedione.

The steps involved in the experimental work re-
ported in this paper and in the two following ar-
ticles are outlined in the attached Flow Sheet.

Experimental Part

Precipitation of Mares’ Pregnancy Urine Carbinols
with Digitonin.—A concentrate of mares’ urine carbinols
corresponding to 1000 gallons (3700 liters) of urine from
which all ketones had been removed previously with
Girard’s reagent was dissolved in 400 cc. of ether. To this
solution was added 2 liters of ligroin and the mixture cooled
in a salt-ice bath for one hour, and the upper liquid de-
canted from the precipitated tar. This gave carbinol
fraction I. The supernatant liquid was distilled uhtil
approximately two-thirds of the solvent was removed.
The resulting mixture was cooled in a salt-ice bath and
the supernatant liquid poured from the precipitated tar.
This gave carbinol fraction II.

Fraction I was made up to a volume of 2 liters with 957,
ethanol. The solution was heated to boiling on the steam-
bath and a boiling solution of 30 g. of digitonin in 1 liter of
959%, ethanol was added. A precipitate formed at once.
The mixture was cooled to 20°, and after three hours was
filtered. The solid was washed with 500 cc. cf 959, ethanol,
resuspended in 500 cc, 959, ethanol and refiltered, This
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FLow SHEET

Non-ketonic carbinols

(See Article XXXVI)
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fraction, referred to as digitonide-A, was obtained in a
yield of 38 g.

Carbinol fraction II was made up to a volume of 750 cc.
with 959%, ethanol. It was heated to boiling and a hot
solution of 25 g. of digitonin in 1.5 liters of 95%, ethanol was
added. A precipitate formed after a few minutes. The
mixture was cooled to 18°, filtered after two hours and
washed with 959, ethanol. This fraction, referred to as
digitonide-B, was obtained in a yield of 26 g. The filtrate

was evaporated to a volume of about 50 cc. and 1 liter of
ether was added. The precipitate was filtered and washed
with ether. The residue of soluble digitonide-E weighed
8g.

Digitonides A and B were reserved for other work. The
filtrates likewise were reserved for investigation of the non-
digitonin-precipitated substances.

Uranediol from Mares’ Urine.—The soluble digitonide-
E from carbinol fraction IT was dissolved in 50 cc. of hot
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pyridine and the mixture heated thirty minutes on the
steam-bath. The resulting solution was then poured into
1000 cc. of ether and the precipitate filtered and washed
with ether. The filtrate was washed first with dilute hy-
drochloric acid and then with water. The ether was dis-
tilled, the crystals which separated were recrystallized from
15 cc. of acetone and washed with cold ether. After two
additional recrystallizations from acetone the product was
obtained in the form of white needles, m. p. 210°.

Amnal. Caled. for CyHyi0,: C, 78.8; H, 11.3. Found:
C, 78.8; H, 11.3.

The compound did not discolor bromine and gave a 20°
depression in melting point when mixed with 3(8),20(a)-
allo-pregnanediol.

Preparation of Uranediol Diacetate.—Approximately
75 mg. of uranediol was refluxed with 4 cc. of acetic anhy-
dride for thirty-five minutes. The acetic anhydride was
evaporated in vacuum and the crystalline residue recrystal-
lized from methanol to a constant melting point. It crys-
tallized in the form of small white plates, m. p. 160°.

Amnal. Caled. for CesHayO4: C, 74.4; H, 10.0. Found:
C, 74.6; H, 10.0.

Oxidation of Uranediol to Uranedione.—Uranediol (100
mg.) was dissolved in 30 cc. of glacial acetic acid. A solu-
tion of 150 mg. of chromic anhydride in 10 cc. of 90%
acetic acid then was added at room temperature. A pre-
cipitate separated at first, but dissolved after the addition
of chromic anhydride was completed. The mixture was
allowed to stand at room temperature for forty-five min-
utes. Water was added and the mixture extracted twice
with 75-cc. portions of ether. The combined ether ex-
tracts were washed with water and then with saturated
sodium carbonate solution. The ether was evaporated
and the crystalline residue dissolved in 5 cc. of methanol
and cooled in a salt-ice bath. One-half cc. of water was
added slowly, the precipitate collected and recrystallized
fromn 909, methanol. Recrystallization from acetone gave
a product which melted at 177.5° and which gave no de-
pression in melting point when mixed with a sample of
uranedione prepared from uranetriol.

Amnal. Caled. for CuHg0,: C, 79.7; H, 10.2. Found:
C, 79.78; H, 10.3.

Uranedione Semicarbazone.—A solution of 20 mg. of
uranedione, 30 mg. of semicarbazide hydrochloride and 30
mg. of sodium acetate in 16 cc. of alcohol was refluxed on the
steam-bath for one hour, diluted with water and filtered.
The product was washed with ether and crystallized from
alcohol to yield uranedione monosemicarbazone, m. p.
245°, dec.

Amnal. Caled. for CpoH3:0:N3: C, 70.7; H,9.4. Found:
C,704; H,91.

Uranedione Mono-2,4-dinitrophenylhydrazone.—A solu-
tion of 30 mg. of uranedione and 40 mg. of 2,4-dinitro-
phenylhydrazine in 10 cc. of refluxing alcohol was acidified
with two drops of concd. sulfuric acid and refluxed for five
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wminutes. The solution was allowed to cool, the crystalline
product separated by filtration and crystallized from ethyl
acetate to give the mono-2,4-dinitrophenylhydrazone of
uranedione, m. p. 200° dec.

Anal. Caled. for C;7Hy0sN,: C, 65.4; H, 7.2. Found:
C, 65.0; H, 7.3.

Epimerization of Steroids in the Mother Liquors.—
The mother liquors from the crystallization of uranediol
were evaporated and the residue dissolved in 200 cc. of
xylene. Sodium (5 g.) was added and the mixture refluxed
for eight hours. The excess sodium was destroyed with
959, ethanol and the resulting solution washed with dilute
hydrochloric acid and water. The xylene was evaporated
in vacuo at 40°. The sticky residue obtained was dis-
solved in 100 cc. of 959, ethanol and a boiling solution of 10
g. of digitonin in 250 cc. of 95% ethanol was added. A
flocculent precipitate separated almost at once. The mix-
ture was cooled at 20° for two hours, filtered and washed
with 959, ethanol; 10.5 g. of white digitonide was ob-
tained. The ethanol was distilled from the filtrate until a
volume of about 50 cc. remained and 250 cc. of ether was
added. The precipitate was collected and washed with
ether. The ether was evaporated from the filtrate, leaving
a sticky residue.

The residue was dissolved in 100 cc. of glacial acetic
acid, 2.5 g. of chromic anhydride in 60 cc. of 609, acetic
acid was added, and the mixture allowed to stand at room
temperature for forty-five minutes. The mixture was
then poured into 800 cc. of water and extracted with 800 cc.
of ether. The ether extract was washed with water and
aqueous sodium carbonate. The residue obtained by
evaporation of the ether was sublimed in high vacuum at
130-150°. The sublimed material consisted almost en-
tirely of uranedione, indicating the absence in pregnancy
urine of other substances having a beta configuration at C;
and the coprostane configuration at Cs.

We wish to thank Dr. Oliver Kamm and Parke,
Davis and Company for their generous help and
assistance in various phases of this work.

Summary

Uranediol, the presence of which in mares’
pregnancy urine previously has been demonstrated,
now has been isolated. It is shown to have the
structure of uranediol-3(8),11. This is the first
sterol derivative to be obtained from urine pos-
sessing the B-configuration on Cs and the copro-
stane configuration on C;. On oxidation it
yields uranedione which, however, forms only a
mono-semicarbazone and a mono-2,4-dinitro-
phenylhydrazone.

StaTE COLLEGE, PENNA. RECEIVED MARCH 16, 1938
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Sterols.

XXXVIII. Pregnenediol in Mares’ Pregnancy Urine and its Conversion

into Progesterone

By RusseLL E. MARKER AND EwALD ROHRMANN

It is now fairly well established that pregnane-
diol and allo-pregnanediol are the final in vivo re-
duction products of progesterone. A number of
intermediate reduction products, however, also
have been isolated from both mares’ and human
pregnancy urines. epi-Pregnanolone! and epi-
allo-pregnanolone? represent such partial reduc-
tion products which have been isolated from hu-
man urine. In addition to these, pregnanedione,
allo-pregnanedione, and allo-pregnanol-3(3)-one-
20 have been isolated from the ketonic fraction of
mares’ pregnancy urine.® The presence of these
substances in pregnancy urine suggests that other
possible reduction products might be present, spe-
cifically, compounds derived from A%%-pregnene.

A preliminary study of the digitonin precipi-
tated non-ketonic fraction of mares’ pregnancy
urine has shown the presence of two other reduc-
tion products of progesterone, namely, pregnene-

-diol-3(8),20() and allo-pregnanediol-3(8),20(c).
The fact that these products occur in the digitonin
precipitated fraction indicates that the hydroxyl
group at C; possesses the 8-configuration. With
the exception of allo-pregnanol-3(8)-one-20 all of
the previously reported intermediate reduction
products of progesterone have been of the epi- or
()-configuration.

Pregnenediol was contaminated with another
unsaturated compound, probably urenediol, which
rendered complete purification difficult. Reduc-
tion of the pregnenediol with platinum catalyst
yielded allo-pregnanediol-3(8),20(«) which upon
oxidation with chromic anhydride gave allo-
pregnanedione. Sublimation of the pregnenediol
with copper yielded progesterone. Bromination
followed by oxidation with chromic anhydride
likewise yielded progesterone. The reactions in-
volved are illustrated in the chart.

In addition to the reduction products of proges-
terone referred to above, there was isolated from
the carbinol fraction of pregnant mares’ urine the
sterol B-equistanol, obtained previously from
stallion urine.* We have found no evidence of

(1) Marker and Kamm, THiS JOURNAL, 89, 1373 (1937).

(2) Marker, Kamm and McGrew, #bid., 59, 616 (1937).

(3) Marker, Lawson, Wittle and Crooks, bid., 60, 1559 (1938).
(4) Marker, Lawson, Rohrmann and Wittle, 7bid., 60, 1555 (1938).
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the occurrence of cholesterol in mares’ pregnancy
urine.

Experimental Part

The insoluble digitonides A and B isolated in the work
described in the preceding paper were used in this study.
They were obtained from the neutral non-ketonic fraction
from 1000 gallons (3700 liters) of mares’ pregnancy urine.
The Flow Sheet presented in Paper XXXVI should be
consulted.

Decomposition of Digitonides from Carbinol Fraction
I.—The 38 g. of digitonide A from carbinol fraction I was
dissolved in 125 cc. of pyridine, the resulting solution was
heated on the steam-bath for twenty-five minutes and
poured into 1 liter of ether. The precipitate was filtered
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and washed with ether. The filtrate was then washed first
with an excess of dilute hydrochloric acid and then with
water. The ether was evaporated on the steam-bath and
the residue sublimed in high vacuum at a temperature of
130 to 200°. The sublimed material appeared to be a
complex mixture of substances which would not readily
crystallize.

The residue from this distillation was reserved for
another study.

Decomposition of Insoluble Digitonides from Carbinol
Fraction II.—The 26 g. of insoluble digitonide obtained
was dissolved in 150 cc. of hot pyridine and the solution
heated on the steam-bath for thirty minutes and poured
into 1.5 liters of ether. The precipitate was filtered and
washed with ether. The filtrate was washed as usual, the
ether was distilled off, and the orange colored residue dis-
solved in methanol and treated with Norite.

This material was combined with the sublimed fraction
obtained from digitonide A.

Epimerization of Carbinols from Insoluble Digitonides
A and B.—The residues obtained from the decomposition
of digitonides A and B were combined and dissolved in
150 cc. of xylene, 7 g. of sodium was added and the mixture
refluxed for seven hours. The excess sodium was de-
stroyed with ethanol and the mixture washed with dilute
hydrochloric acid and water. The xylene was evaporated
in vacuo at 40°. The residue was dissolved in 250 cc. of
boiling alcohol and to this was added a hot solution of 15
g. of digitonin in 250 cc. of alcohol. The mixture was
cooled at 20° for one hour, filtered, and washed with alco-
hol to give insoluble digitonide C.

The alcohol was evaporated from the filtrate to a volume
of about 50 cc., 500 cc. of ether was added and the small
amount of precipitate was filtered and washed with ether
to give a soluble digitonide D.

Equistanol from Digitonide D.—The 500 mg. of soluble
digitonide D was dissolved in 5 cc. of pyridine, heated on
the steam-bath for thirty minutes and the solution poured
into 100 cc. of ether. The white precipitate was filtered
and washed with ether. After washing the filtrate as be-
fore, the ether was evaporated from the steam-bath and the
residue crystallized from methanol, giving white needles
melting at 130°. This material gave no depression in
melting point when mixed with a sample of equistanol from
stallion urine,

Anal. Caled. for CyHyuO: C, 83.6; H, 12.6. Found:
C, 84.0; H, 12.3.

Decomposition of Digitonide C.—Digitonide C (18
g.) was decomposed as before, the carbinols sublimed up to
a temperature of 200°, and the sublimed material com-
bined. The residue which did not distil at 200° was re-
served for further study.

allo-Pregnanediol-3(8),20(«) from Mares’ Pregnancy
Urine.—The distilled solid from the decomposition of
digitonide: C containing only allo and unsaturated com-
pounds was leached with a small amount of boiling acetone.
The mixture was filtered and the insoluble residue was re-
crystallized from methanol to give small white plates, m. p.
216°, which gave no depression with an authentic sample of
3(8),20(a)-allo-pregnanediol.

Anal. Caled. for CuHz0.: C, 78.8; H, 11.3. Found:
C, 784; H, 11.3.
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Pregnenediol-3(3),20(«) from Mares’ Pregnancy Urine.
—The filtrate obtained after separation of the allo-preg-
nanediol-8(8),20(«) was evaporated to dryness and the resi-
due fractionally crystallized from acetone. Pure material
was difficult to isolate due to contaminating substances of
an unsaturated character, possibly urenetriol or urenediol.
The material melted poorly at 160-170°. Recrystallized
from benzene and then from acetone it melted at 172-176°.
Tt readily took up bromine in acetic acid solution.

Anal. Caled. for CoHO,: C, 79.2; H, 10.8. Found:
C,789; H, 11.1.

Reduction of Pregnenediol-3(8),20(c).—Pregnenediol
(200 mg.) was dissolved in 50 cc. of ether, 0.5 g. of Adams
platinum catalyst was added and the material reduced for
one hour at room temperature and 45 pounds (3 atm.)
pressure. The catalyst was filtered and the ether evapo-
rated from the filtrate. The resulting residue was crystal-
lized from 909, ethanol to give material melting at 217°.
This gave no depression in melting point when mixed with
an authentic sample of allo-pregnanediol-3(8),20(«).

Anal. Caled. for CyHyO0,: C, 78.8; H, 11.3. Found:
C,787; H, 11.2.

allo- Pregnanedione from allo-Pregnanediol-3(3),20
().—100 mg. of the allo-pregnanediol-3(8),20(e) ob-
tained by reduction of pregnenediol-3(3),20(«) was dis-
solved in 10 cc. of glacial acetic acid; 200 mg. of chromic
anhydride in 10 cc. of 909, acetic acid was added and the
mixture allowed to stand at room temperature for thirty
minutes, The mixture was then poured into water and
extracted with ether, The ether extract was washed
with aqueous sodium carbonate and water. The ether
was evaporated and the residue crystallized from acetone
to give white crystals melting at 199°. This gave no de-
pression in melting point when mixed with an authentic
sample of allo-pregnanedione.

Amnal. Caled. for CuH3,0,: C, 79.7; H, 10.2. Found:
C, 79.6; H, 10.2.

Progesterone from Pregnenediol by Copper Oxidation.—
Pregnenediol (100 mg.) was mixed thoroughly with 0.5 g.
of Baker precipitated copper. The resulting mixture was
heated at 230° at 20 mm. for thirty minutes. The mixture
was then sublimed in high vacuum at 125°, The sublimed
material was dissolved in 4.5 cc. of alcohol and 1.8 cc. of
water was added to the resulting solution. After clarifica-
tion with Norite the filtrate was cooled in salt-ice and the
walls of the container were scratched vigorously. White
crystals formed, m. p. 118-119°, This gave no depression
in melting point when mixed with a sample of natural
progesterone.

Anal. Caled. for CyHj300:: C, 80.1; H, 9.6. Found:
C, 80.0; H, 9.5.

Progesterone from Pregnenediol by Chromium Oxida-
tion.—Pregnenediol (200 mg.) was dissolved in 25 cc. of
glacial acetic acid and the theoretical amount of bromine
in acetic acid was added. To this solution was added 150
ing. of chromic anhydride dissolved in 20 cc. of 909, acetic
acid. The mixture was allowed to stand for thirty minutes
at room temperature, 5 cc. of alcohol and 1 g. of zinc dust
were added and the inixture heated on the steam-bath for
thirty minutes. The mixture was filtered and the filtrate
diluted with water and extracted with 250 cc. of ether.
The ether extract was washed with sodium carbonate solu-
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tion and water, the ether evaporated, and the residue sub-
limed in high vacuum at 125°. After crystallization from
709% ethanol it melted at 118°,

We wish to thank Dr. Oliver Kamm and Parke,
Davis and Company for their generous help and
assistance in various phases of this work.

Summary

Pregnenediol-3(f8),20(e) and allo-pregnanediol-
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1567

3(8),20(«) have been isolated from mares’ preg-
nancy urine. Pregnenediol-3(8),20(«) upon oxi-
dation gave progesterone and upon catalytic re-
duction gave allo-pregnanediol-3(8),20(a). B-
Equistanol, previously obtained from stallion
urine, has now been detected also in mares’ preg-
nancy urine.
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XXXIX. The Reduction of Uranetrione

By RusseLL E. MARKER, EUGENE L. WITTLE AND THOMAS S. OAKWOOD

Uranetrione (I) is a 3,11,20-triketo-urane which
has been found in previous work! to give urane-
dione (3,11-diketo-urane)? and pregnanedione
when subjected to a series of reactions, the first
step being catalytic reduction. In this paper a
study of the reduction of uranetrione is presented.

Catalytic reduction of uranetrione (I) with
platinum oxide in ethyl alcohol gave a product
which on treatment with digitonin yielded a
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digitonide corresponding to approximately 109
of the product. The major unprecipitated frac-
tion was found to contain a trihydroxy compound
(I1), as shown by the formation of a triacetate
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(1) Marker, Kamm, Oakwood, Wittle and Lawson, THIS JOURNAL,
60, 1061 (1938).
(2) Marker, Rohrmann and Wittle, 7bid., 60, 1561 (1938).
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which is unaffected by further vigorous reduction
or by chromic acid oxidation. This fraction,
which did not precipitate with digitonin, was
practically pure triol, showing that reduction of
the carbonyl group at C-11 proceeded with the
formation of only one of the two possible epimiers.
This behavior on reduction is therefore similar to
that of the carbonyl group at C-20 which also
gives only one epimer. The formation from
uranetrione of a triol which forms a triacetate
is in contrast to the reduction of a cortical
steroid studied by Kendall.* Hisacid 1B (3-
B-hydroxy-11-keto-aetio-allo-cholanic acid)
was hydrogenated catalytically, and the re-
sulting dihydroxy-aetio-allo-cholanic acid
partially oxidized to give acid 1D (3-keto-
11-hydroxy-aetio-allo-cholanic acid), which
was stereoisomeric at C-11 with his dihydro
acid 2. Acid 1D does not react with thionyl
chloride or with acetylating reagents, and
has a configuration at C-11 opposite to that
of the natural cortical steroids.

According to our early prediction, urane-
triol'! now can be assigned definite stereo-
chemical configurations. According to the
arguments presented in an earlier paper,!a
C-11a-hydroxyl group in a urane derivative
is much more blocked than the epimeric
C-118-hydroxyl group, and, unlike the
latter, will not form an acetate. Since triol
(II), like uranetriol, forms a triacetate and does
not precipitate with digitonin the configura-
tions of the 3- and 11-hydroxyls in both these
triols are established to be of the «- and B-con-
figuration, respectively. The two triols, which

(3) Mason, Hoehn, McKenzie and Kendall, J. Biol. Chem., 120,
719 (1937).
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are not identical, can therefore differ only in re-
gard to the configuration of the hydroxyl group
at C-20. By analogy with the pregnanediols, in
which only 20a-hydroxyl groups occur naturally
and only 208-hydroxyl groups are formed on
catalytic reduction, the configurations of urane-
triol-(3,118,20«) and triol (II) (3¢,118,208) are
therefore established.

Reduction of uranetrione in hot acetic acid
gave a product which was again separated with
digitonin. The digitonide, corresponding in this
case to approximately 209, of the product, gave
on decomposition practically pure uranediol (III)
which was identical with uranediol isolated from
mares’ pregnancy urine.? The diacetate pre-
pared from . diol (III) was also identical with
uranediol diacetate. Thus in this case also the
reduction of the carbonyl group at C-11 gave only
the - or natural configuration of the hydroxyl
group. The fraction which did not precipitate
digitonin was quite impure and could not be
crystallized. It was treated with acetic anhy-
dride and the product on crystallization gave the
triacetate of triol (II) identical with that obtained
from reduction of uranetrione (I) in ethyl alcohol.

The formation of uranediol suggests an alter-
nate mechanism by which in previous work urane-
dione and pregnanedione were obtained. It now
appears that vigorous reduction in hot acetic acid
partially removed the carbonyl group at C-20
to form uranediol, and must have partially re-
moved the carbonyl group at C-11, with inversion
of the configuration at C-9 from a urane to a preg-
nane structure, to give pregnanediol (IV).
resulting carbinol mixture on oxidation gave a
mixture of uranedione and pregnanedione. The
formation of uranediol and pregnanediol could
only have taken place in the first step of the trans-
formation of uranetrione to uranedione and preg-
nanedione! as triol II, the other product of reduc-
tion, forms a triacetate which in the course of the
other reactions to which the mixture was sub-
jected could not give these two products.

It is to be noted that both carbonyl groups
which were removed in the above reduction are
alpha to a tertiary hydrogen; so the reduction is
similar to that of 7-keto-cholesteryl chloride.*

Partial reduction of uranetrione in ethyl alcohol
gave, besides some unchanged uranetrione, a prod-
uct which precipitated digitonin (B-hydroxyl

(4) Marker, Kamm, Fleming, Popkin and Wittle, THIS JOURNAL,
59, 619 (1937).
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group at C-3) and gave an analysis corresponding
to a hydroxy diketone CyH3Os;. It formed a
monoacetate when treated with acetic anhydride.
The reduction of uranetrione thus resembles that
of the pregnanediones® in which the carbonyl
group at C-3 is the first to undergo reduction.

In an attempt to isomerize uranediol (III) with
sodium in boiling xylene to effect inversion at C-3
the compound was recovered largely in the original
form and only a small amount of material not
precipitated by digitonin could be obtained.
Uranetriol, possessing an a-configuration at C-3,
is also changed only slightly by this treatment.
It thus appears that the urane compounds are
more difficult to isomerize in this manner than
those of the pregnane series.

Experimental Part

The Reduction of Uranetrione in Ethyl Alcohol.—A
suspension of 50 mg. of platinum oxide in a solution of 500
mg. of uranetrione in 50 cc. of ether and 50 cc. of ethyl
alcohol was shaken with hydrogen at 3 atmospheres pres-
sure and 25° for five hours and then filtered to remove the
catalyst. The filtrate was distilled until all of the ether
was removed and then added to a solution of 300 mg. of
digitonin in 50 cc. of ethyl alcohol and allowed to stand for
four hours. The digitonide was collected and dried (250
mg.). The filtrate was evaporated to 10 cc. and diluted
with 100 cc. of ether. The precipitated digitonin was
filtered off and the filtrate after several washings with
water was evaporated to dryness leaving a white solid
which was very soluble in methyl and ethyl alcohols. It
was crystallized from ether—pentane to yield 300 mg. of
triol (II), m. p. 255°.

Anal. Caled. for CyHsOs: C, 74.9; H, 10.8. Found:
C, 74.6; H, 10.6.

The triacetate, prepared by refluxing 50 mg. of this
compound with 2 cc. of acetic anhydride for one-half an
hour, was crystallized from methyl alcohol, m. p. 192°.

Anal. Caled. for CyHgOs: C, 70.1; H, 9.2. Found:
C,70.2; H,9.2.

This compound was treated with platinum oxide and
hydrogen in acetic acid at 85° but was recovered un-
changed. On treatment with an equal weight of chromic
anhydride in acetic acid at 25° it was also recovered un-
changed.

Reduction of Uranetrione in Hot Acetic Acid.—A
suspension of 1 g. of platinum oxide in a solution of 100 cc.
of glacial acetic acid containing 0.8 g. of uranetrione was
shaken with hydrogen at 3 atmospheres and 85° for eight
hours and then filtered from the catalyst while hot. The
filtrate was evaporated to dryness in vacuum and the
residue was dissolved in ether, washed with a sodium
carbonate solution and water, and the solution was evapo-
rated to dryness. The residue was dissolved in 50 cc. of
alcohol and to it was added a solution of 1 g. of digitonin in
50 ce. of alcohol. After standing overnight the digitonide

(5) Marker, Kamm and Wittle, ibid., 59, 1841 (1937).
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was collected, washed and dried (800 mg.) and heated for
one hour on a steam-bath with 10 cc. of pyridine. The
solution was diluted with 100 cc. of ether, filtered from
digitonin, and the filtrate was washed with dilute hydro-
chloric acid until acid, and then with water. The ether
was evaporated to dryness and the residue was crystallized
from methyl alcohol to yield 150 mg. of uranediol, m. p.
215°. It gave no depression in melting point when mixed
with uranediol (213°) isolated from mares’ pregnancy
urine. :

The acetate was prepared from this compound in the
usual manner, m. p. 160°. It gave no depression in melt-
ing point when mixed with uranediol diacetate.

Anal. Caled. for CoHuOs: C, 74.4; H, 10.0. Found:
C,74.2; H, 10.1.

The filtrate from the digitonide was concentrated to 10
cc. and diluted with 100 cc. of ether to precipitate the
excess digitonin. This was filtered off and the filtrate
after several washings with water was evaporated to dry-
ness and the remaining oil was found to resist crystalliza-
tion. The solution was evaporated to dryness and the
oily residue was converted to the acetate by refluxing it for
one hour with 10 cc. of acetic anhydride and evaporating
the solution in vacuum. The residue was crystallized
from methyl alcohol to yield the triacetate of triol (II) m.
p. 188°. It gave no depression in melting point with the
triacetate of triol (II) obtained previously m. p. 192°.

Partial Reduction of Uranetrione in Alcohol.—A sus-
pension of 200 mg. of platinum oxide in a solution of 300
mg. of uranetrione in 200 cc. of ethyl alcohol and 100 cc. of
ether was shaken with hydrogen at 3 atmospheres and 25°
for one hour and then filtered from the catalyst. The
filtrate was distilled to remove the ether and then added to
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a solution of 2 g. of digitonin and allowed to stand for
eight hours. The digitonide (200 mg.) was decomposed as
usual, giving 50 mg. of white solid which was purified by
crystallization from methyl alcohol, m. p. 225° (fibrous
clusters).

Anal.  Caled. for CyH30;: C, 756.8; H, 9.7. Found:
C,76.0; H, 9.7.

A portion of this compound was converted to the acetate
which melted at 250° (from alcohol).

Anal. Caled. for CyuHyO4: C, 73.7; H, 9.2. Found:
C,73.6; H,9.2.

Attempted Isomerization of Uranediol.—Uranediol
(150 mg.) was dissolved in 50 cc. of xylene, 2 g. of sodium
was added and the mixture was refluxed for nine hours.
The recovered product was dissolved in 50 cec. of ethyl
alcohol and treated with 2 g. of digitonin. The digitonide
was filtered off, dried and heated in pyridine for one hour.
The solution was diluted with ether and filtered, and the
filtrate yielded on evaporation a product which on crystal-
lization from acetone gave 100 mg. of the original urane-
diol, m. p. 214°. The portion not precipitated by digi-
tonin could not be crystallized to a pure product.

The authors wish to express their thanks to
Parke, Davis & Co. of Detroit, Michigan, for a
grant of funds supporting this work.

Summary

The reduction products of uranetrione were
studied and found to be uranediol, a new triol and
uranol-38-dione-11,20.

StaTE COLLEGE, PENNA. RECEIVED APRIL 13, 1938
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A New Fluorination Method

By ALBERT L. HENNE

Principle of the Method.—This paper reports
the use of nascent mercuric fluoride as a method
for replacing one or several halogen atoms by
fluorine in various types of compounds. In
_practice, the method consists in passing a stream
of hydrogen fluoride through a well-stirred mix-
ture of mercuric oxide and the substance to be
fluorinated. The reaction between the acid and
the oxide occurs instantly, and so also does the one
between the mercuric fluoride so generated and
the organic material. Since a great deal of heat
is evolved, means must be provided to prevent
the reaction from escaping control, and also to
avoid the loss of volatile or easily destroyed re-
action products. These means vary with the
substances undergoing fluorination and there-
fore merely call for some ingenuity.

Dry and Nascent Mercuric Fluoride.—The use
of anhydrous mercuric fluoride as a fluorinating
agent has been described before.! It was pointed
out at the time that only the anhydrous salt could
be used, and this statement was verified re-
peatedly. Attempts to manufacture the dry
salt by methods more conventional than the
action of fluorine upon mercuric chloride forced
the conclusion that aqueous reagents invariably
would yield a dihydrated salt which could not be
converted to the anhydrous salt because it always
would lose hydrofluoric acid in preference to water.
In an effort to circumvent this, mercuric oxide and
hydrogen fluoride were allowed to react in an
inert organic liquid. This reaction generates
one molecule of mercuric fluoride and only one

_ (1) Henne and Midgley, THis JoURNAL, 58, 884 (1936).
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molecule of water, or possibly the monohydrated
salt, and it was hoped that this monohydrate in
contrast to the dihydrate might be dried to the
anhydrous salt. Methylene chloride and chloro-
form were chosen as reaction media because or-
ganic chlorides are not appreciably affected by
mercuric fluoride at room temperature, because
their low boiling points would automatically
maintain the reaction at 40 or 60°, respectively,
and because it was hoped that their high den-
sities might cause the water to separate in a top
layer. The result of the experiments, however,
was quite unexpected, because the white crystal-
line salt thus obtained was pure mercuric chloride,
instead of fluoride, an indication that the nascent
mercuric fluoride had reacted instantly with the
organic chloride despite the low temperature and
the presence of water. An examination of the
volatilized reaction products disclosed the pres-
ence of methylene fluoride and difluorochloro-
methane, respectively, two substances described
in a preceding paper.2 This confirmed the inter-
pretation of the reaction course.

Practical Adaptation.—The fluorination of acetylene
tetrabromide was studied quantitatively to supply a gage
of the practical work of this new fluorination method, and
the following simple procedure was found convenient for
laboratory operation.

Three gram molecules of acetylene tetrabromide was
placed in a tall metal container, preferably made of nickel,
and cooled externally with water. One gram molecule of
red mercuric oxide was added to the liquid, and immedi-
ately stirred to prevent the formation of a heavy paste or
cake, Dry hydrogen fluoride from a commercial cylinder
was led into the liquid through a metal tube (flexible copper
tubing is convenient). The flow of gas was regulated so
that the temperature of the reaction mixture never ex-
ceeded 40 to 50°., The red color of the mercuric oxide
fades progressively to pink, yellow, grayish white and fin-
ally to gleaming white; this is the end of the reaction.
At this point it was found that about 2.3 gram molecules of
hydrogen fluoride had been used, which is an excess of 15%,
over the theoretical quantity required. The white salt is
pure mercuric bromide, with a correct mercury content of
55.6%. It may be noted that an aqueous layer of concen-
trated hydrofluoric acid floats on the surface. At the end
of the reaction the mixture was poured onto cracked
ice and washed roughly by decantation to remove the
excess of acid. It was then placed in a distilling flask, with
twice its volume of water, and heated with a free flame,
kept in constant motion to prevent foaming. Steam dis-
tillation of the fluorinated material takes place promptly
and carries along some acetylene tetrabromide. The dis-
tillate was decanted from the water, dried and rectified;
it yielded 0.6 gram molecule of CHF,CHBYr; and 0.4 gram
molecule of CHFBrCH,Br, which is an 809, fluorination

(2) Henne, THIS JOURNAL, §9, 1400 (1937).
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yield, based on the mercuric oxide. The material left un-
steamed in the distilling flask was cooled overnight, prefer-
ably on ice; this causes the mercuric bromide to crystallize
out completely and facilitates filtration. The aqueous
layer was separated as completely as practical, and the
remainder filtered with suction and air dried on the filter.
The filtrate separates into a layer of acetylene tetrabromide
and a layer of water. The solid material was removed
from the filter, placed in a bottle, covered with chloroform,
vigorously shaken for twenty minutes, and then filtered
by suction. Pure mercuric bromide is left on the filter,
while the filtrate is a chloroform solution containing from
75 to 100 cc. of acetylene tetrabromide. Distillation of the
chloroform makes it possible to recover the latter material.

Mercury Recovery.—As described so far, this method
would be quite costly if the mercury could not be re-
covered and reoperated. This, however, was performed
as follows. The mercury bromide was dropped in small
quantities into an aqueous solution of sodium hydroxide.
A great deal of heat was evolved, and a black precipitate
of mercury oxides was generated, which settled very
slowly. The mixture was brought to boiling, then allowed
to settle overnight. After decantation of the aqueous
layer, water was added and brought to boiling. After
again settling overnight the liquid was decanted from the
black substance which was then allowed to dry in air, after
which it was placed in a steel container (made of pipe fit-
tings), equipped with a screw cap and a delivery tube lead-
ing into a pan of water. The steel container was heated
with a large gas burner to decompose the mercury oxides
and distil the mercury into the water. More mercury was
recovered by pouring the distillation residue into water.
The recovery of the mercury is quite complete when large
enough quantities are used in each batch to avoid me-
chanical losses.

Temperature and Yields.—The new reaction was then
applied to the fluorination of CH,BrCHBr;, and it was
found that CHFBrCH,Br and CHF,CH,Br were generated,
as expected, but the fluorination yield of about 30% was at
first disconcerting. The mercury bromide was recovered
quantitatively, but the tribromoethane was not, and its loss
corresponded to the missing fluorinated material. The reac-
tion was tried at different temperatures and it was promptly
found that the yield improved as the temperature was low-
ered. At 0° the yields increased to 509, and at —20° the
yields became about 65 to 709,. This showed that the yield
is mostly a matter of adequate temperature control.

Generality of the Reaction.—In order to test the
generality of the reaction, the new method was applied
to different compounds, at room temperature, with and
without saturated hydrocarbons as diluents. Fluorination
always occurred instantly and yields were obtained even
on small batches and without many precautions, which
were always considerably higher than 50%, usually about
70%. More careful handling, tried in only a few cases,
always improved the yields markedly. The results were
as follows: AcOCH,;CH,F was obtained from AcOCH,-
CH,Br; AcOCH,CHF, from AcOCH,;CHBr;; CH,F; from
CH,Cl;; CHCIF, from CHCl;; CH;CHF, from CH;CH-
Clg; CHa(CHz)aCHFg from CH3(CH2)5CHC12, (CsHa)zCF)
from CeHsCCly; (CeHjs)sCF from (CsH;);CCl; CF.CICF;-
Cl from CFCLCFCl,, CHF,CCIF; from CHCIL,CCIF; and
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from CHF,CCl;. In no case was the fluorination reaction
accompanied by loss of hydrogen chloride or hydrogen
fluoride and consequently no ethylenic by-product was
found. There was usually no tar formation, but a very
small quantity was formed in the worst cases, when re-
agents of “technical’’ grade were employed.

Summary
A method of fluorination is described which
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consists in passing a stream of hydrogen fluoride
through a mixture of the substance to be fluori-
nated and mercuric oxide. Practical directions
are given for obtaining good yields and for a simple
method of recovering the mercury.

THE MIDGLEY FOUNDATION
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[CONTRIBUTION FROM THE RESEARCH LABORATORY OF PHYsICS, HARVARD UNIVERSITY]

Variations in the Relative Abundances of the Isotopes of Common Lead from Various
Sources

By ALFRED O. NIER!

Because of the apparently constant atomic
weight of common or ore lead, the assumption
usually has been made that its isotopic composi-
tion also is constant. Whereas several isolated
isotopic analyses of common lead have been made,
there is no record of any systematic study having
been undertaken for the purpose of checking the
constancy of the relative abundances. In the
present work twelve samples were studied with a
mass spectrometer and comnsiderable variations
were found. The investigation is of particular
interest, as the specimens examined vary greatly
in both geologic age and geographic origin. More-
over, of the twelve samples, nine have had chemi-
cal atomic weight determinations made on them—
all in the same laboratory.

Apparatus and Procedure.—The mass spec-
trometer used for obtaining the results to be pre-
sented here already has been described.? Posi-
tive ions of lead are formed by the collision of
electrons with lead iodide vapor. The ions are
drawn out of the region where they are formed,
are accelerated and sent around a 180° mag-
netic analyzer where the ion currents are measured
with an electrometer tube amplifier.

During an analysis, the portion of the tube con-
taining the semicircular analyzer is kept at room
temperature. The part where the ions are formed
is held around 400°, and the side-tube from which
the lead iodide vapor diffuses into the ionizing
region is maintained at approximately 300°, the
exact temperature depending on the pressure
desired in the ionizing region. In actual prac-
tice, this pressure was between 10~*and 10~% mm.
The amount of material needed for an analysis is

(1) National Research Fellow.
(2) Nier, Phys. Rev., 52, 933 (1937).

very small. During a typical run, where no at-
temp! was made to economize on material, less
than 13 mg. of lead iodide, i. e., less than 6 mg.
of lead, was consumed. With reasonable care it
should be possible to obtain reliable results on 1
mg. of lead.

The procedure in making an analysis was as
follows: the sample to be studied was attached
in the evening and the mass spectrometer tube
evacuated and baked overnight in order thor-
oughly to out-gas it. Measurements were taken
the next morning and afternoon. The side-tube
containing the sample was removed and the
mass spectrometer was again baked overnight,
this time to remove the lead iodide. The fol-
lowing morning the apparatus was baked for sev-
eral hours with iodine vapor flowing through it to
combine with any metallic lead deposited in the
tube from the thermal decomposition of lead io-
dide. Baking of the tube continued until late in
the evening in order to remove the remaining
traces of lead iodide. A new sample could then
be attached and the procedure repeated. It is
seen that an analysis may be performed every
two days. Actually, in one case, fifteen samples
were examined in thirty-four consecutive days.

Because of the careful treatment of the ap-
paratus between samples, described above, the
relative abundances of the isotopes obtained for
a given specimen did not depend upon the pre-
vious history of the apparatus. That is to say,
there was no contamination due to previous
samples. In fact, one even could change from a
sample of ordinary lead to one of radiogenic lead
and then back again to the ordinary lead and
reproduce the original results exactly.

The lead iodide was prepared by precipitation
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from a solution of the nitrate (in a few cases from
the chloride) with a solution of sodium iodide,
washing and drying. Since the groups I'*Br”
and I'¥Br®! have the same masses as two of the
isotopes of lead, the iodine from which the jodide
was prepared was carefully freed from bromine,
as well as chlorine.
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Fig. 1.—Mass spectrum showing the isotopes of

common lead. Positive ion current expressed in terms
of cm. deflection of galvanometer at its highest sensi-
tivity. One cm. represents about 2.5 X 1075 ampere.

Results

Preliminary reports on the results to be pre-
sented here have already been given.®? A typical
mass spectrum obtained is shown in Fig. 1. The
relative abundances of the isotopes are assumed
to be proportional to the relative heights of the
positive ion current peaks. This assumption is
justified in view of the fact that the relative

heights as measured were found to be independent

of variable conditions in the tube, such as electron
current, pressure, etc. As a further check upon
any possible discrimination in the apparatus,
mercury vapor was admitted occasionally, and
the Hg!%/Hg®* abundance ratio measured under
conditions similar to those employed while the
lead measurements were being taken. At no time
was this ratio found to differ appreciably from that
previously given.?

Figure 2 gives the lower part of Fig. 1 in greater

(3) Nier, Phys. Rev, 51, 1007 (1937); 53, 680 (1938).
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detail. It can be seen from this that Pb** pro-
duces a very definite peak that can be measured
with nearly the same accuracy as the other peaks.
Inasmuch as the apparatus was thoroughly baked
and liquid air used on the traps, the height of the
Hg>* peak is negligible, since even Hg??, which
exists with over four times the abundance of
Hg?*, cannot be discerned in Fig. 2. In addition,
no traces appear of the isotopes Pb21, Pb2®, Pb2%,
and Pb?3, at one time reported by Aston* with
abundances indicated by the horizontal lines above
the corresponding mass number position. Later,
Aston® withdrew these isotopes in view of the fact
that in a number of elements his rarer isotopes were
found to be of a spurious origin. In particular,
Bainbridge and Jordan® showed that Pb*® could
not exist with even one-tenth the abundance origi-
nally claimed for it by Aston. That the with-
drawal of the other rare lead isotopes was justified
is shown by the present work. It is now possible
to say that if Pb%1, Pb?%, Pb5, and Pb23 exist, it
must be with abundances less than /10, /1000,
/5, and /s of those originally given by Aston.

1607 soToPE S
OF

ORDINARY
LEAD
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(=}

Positive ion current (galv. defl. in cm).
)
S

0 I

212 210

| -

208 206

Atomic mass units

Fig. 2.—Lower portion of Fig. 1, drawn with enlarged
ordinate scale.

Columns 4, 5, 6, and 7 of Table I give the rela-
tive abundances of the isotopes found for twelve
samples of lead varying vastly in both geologic

(4) Aston, Proc. Roy. Soc. (London), A140, 535 (1933).
(5) Aston, Nature, 187, 613 (1936).
(6) Bainbridge and Jordan, Phys. Rev., 60, 282 (1936).
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Source of lead, Geological age — Isotope abundances — — Excess — 207 208  Mean mass Atomic weight
No. locality (in m. y.) 204 206 207 208 206 207 208 206 206 number Physical Chemical
1 Galena . Pre-Cambrian 1.000 15.93 15.30 35.3 207.243 207.218 207.206°
Great Bear Lake 1300
2 Galena Pre-Cambrian 1.000 16.07 15.40 35.5 207.242 207.217
Broken Hill, N. S. W. 950
3 Cerussite Pre-Cambrian’ 1.000 15.92 15.30 35.3 207.242 207.217 207.91°
Broken Hill, N. S. W. 950 1.000 15.93 15.28 35.2 207.241 207.216 ’
4 Galena Late Pre-Cambrian 1.000 18.43 15.61 38.2 2.50 0.31 2.9 0.12 1.16 207.229 207.204 207.209¢
Yancey Co., N. C. 600 '
Galena Carboniferous 18.10 15.57 37.85 .27 .12 1.17 207.231 207.206 207.21°
Nassau, Germany 240
Cerussite Carboniferous 18.20 15.46 37.7 .16 .070 1.06 207.228 207.203 207.20°
Eifel, Germany 240
Galena I Late Carboniferous 21.68 15.88 40.8 .58 .10 0.96 207.203 207.178 207.22°
Joplin, Mo. 230
Galena II Late Carboniferous 21.60 15.73 40.3 .44 .077 .89 207.200 207.175
Joplin, Mo. 230 21.65 15.75 40.45 207.200 207.175
Galena Late Cretaceous 19.30 15.73 39.5 .43 .2 J127 1.25 207.228 207.203 207.21°
Metalline Falls, Wash. 80
Cerussite Late Cretaceous 15.98 15.C8 35.07 207.239 207.214 207.915°
Wallace, Idaho 80 16.10 15.13 35.45 207.242 207.217 :
Waulfenite & Vanadinite Miocene 18.40 15.53 38.1 .23 .093 1.13 207.229 207.204 207.22°
Tucson Mts., Arizona 25
12 Galena’ 1.000 17.34 15.47 37.45 1.43 .15 2.07 .105 1.45 207.240 207.215
Saxony, Germany 1.000 17.38 15.44 37.3 207.238 207.213
Average .10 1.13

¢ Sample calculation: 207.218 = 207.243 X (1 + 1.55 X 107%)/1.000275. ® Marble, TuIs JOURNAL, 59, 653 (1937). ¢ Baxter and Grover, bid., 37, 1027 (1915).
¢ Baxter and Alter, 4bid., 57, 467 (1935). ° Baxter, Faull and Tuemmler, 7bid., 59, 702 (1937). 7 Sample 12 was obtained from Dr. A.V. Grosse, of the University of
Chicago, who believed it to be a sample of galena from Saxony, Germany.
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chemical values into the best possible agreement.

Table II gives the results of previous inves-
tigators as well as the results obtained by the
writer for his two extreme samples, numbers 1 and
7. All abundances are given in percentages for
the sake of comparison. In view of the relatively
large variations reported in the present work, no
serious discrepancies exist between the work of
the various experimenters. It should be men-
tioned, however, that the measurements on Pb%*
here reported are the only accurate ones obtained
to date.

TABLE II

Mean mass

208 207 206 204 number

Aston? 50.1 20.1 28.3 1.5 207.173
Rose and 51.5 21.3 26.3 0.8 207.228

Stranathan?
Mattauch?® 52.95 21.35 24.55 1.15 207.25
Nier, Sample 1 52.29 22.64 23.59 1.48 207.243
Nier, Sample 7 51.43 20.00 27.31 1.26 207.203
Discussion

An examination of the variations shows that
they are definitely not of a random nature; those
samples which contain relatively more Pb¢ also
contain relatively more Pb®” and Pb*%. Within
the experimental errors samples 1, 2, 3, and 10
have the same isotopic constitution and also con-
tain the least amounts of Pb%% Pb?7 and Pb28,
The fact suggests that one consider the other
samples as made up of this kind of lead plus con-
taminations of uranium lead (Pb%® and Pb*7)
and thorium lead (Pb28). For want of a better
name for the lead low in Pb2%, Pb%?, and Pb3,
one may call it “uncontaminated’” lead. As the
three oldest samples have the isotopic constitution
of “uncontaminated’ lead there is a strong temp-
tation to identify it tentatively with primeval
lead—that is, lead as it existed when the earth’s
crust formed. The discovery of a sample of
common lead containing less Pb*%, Pb?7, and
Pb® might force one to make a quantitative
change in the argument to be presented here, but
it seems doubtful that one will be found which
differs enough to compel one to make a qualitative
change.

Samples 1, 2, and 3 will thus be considered
tentatively as ‘‘uncontaminated’” lead. In col-
umns 8, 9, and 10 are then recorded the excess
amounts of 206, 207, and 208, 1. e., radiogenic con-
tamination, for the other ‘‘contaminated” sam-

(9) Rose and Stranathan, Phys. Rev., 49, 916 (1936).
(10) Mattauch, Naturwissenschaften, 25, 763 (1937).
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ples. The isotopic constitution of sample 1 is
arbitrarily chosen as that for ‘“‘uncontaminated”
lead in making the subtraction. Thus, the
amount of excess 206 for sample 4 is obtained by
subtracting 15.93 from 18.43, etc. The choice of
sample 1 as typical “uncontaminated’” lead is a
rather unfortunate one in spite of the great age
of this sample, as it came from the Great Bear
Lake region (a source of uranium ores), and hence
might possibly have become contaminated. How-
ever, this sample does contain as little 206, 207,
and 208 as any of the others, so that the choice
is as good a one as can be made at this time.

An examination of the amounts of excess iso-
topes reveals that the excess 208 is practically
equal to the excess 206, whereas the excess 207 is
approximately 109, of the excess 206 in each case,
the averages for all the contaminated samples
being, excess 208/206 = 1.13, excess 207/206 =
0.10. It should be mentioned that the minerals
from which the lead was extracted were essen-
tially free of thorium and uranium, and hence,
in all probability, the contamination of the “‘un-
contaminated” lead by radiogenic lead took place
before the mineral was formed. In the case of
the Joplin material, a rough calculation shows
that if the excess isotopes were generated by
thorium and uranium present as impurities in
the galena, the amounts would have to be, respec-
tively, two and six times as great as the total
amount of lead present!

It is a common belief among many students of
ore deposits that ore lead has its ultimate origin
in the igneous rocks or the magmas of these rocks.
If such is the case, one should expect it to consist
of primeval lead contaminated by radiogenic
lead, inasmuch as the igneous rocks are known.
to contain uranium and thorium, and, conse-
quently, radiogenic lead as well as common lead.

The values found for the two ratios for excess
isotopes are not at all unreasonable, as far as sup-
porting the contamination hypothesis is con-
cerned, in view of other information at our dis-
posal. If one assumes the age of the earth to be
around 2 X 10° years, and if one further assumes
that the radiogenic lead appearing in the above
samples was being formed during the time between
the formation of the earth and the formation of
the minerals, one may assume the average age of
the radiogenic contaminations to be of the order
of 1.5 X 10° years, the exact value assumed being
quite immaterial. As the rate of decay of ura-
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nium is approximately three times that of tho-
rium, the Th/U ratio in the substance in which the
radiogenic lead was formed then must have been
3 X 1.13 = 3.4. Due to the difference in the
rates of decay of thorium and uranium, the Th/U
ratio of such a source would be today 3.4/0.85 =
4.0.

Holmes!! assumes this ratio to lie between 1.6
and 2.4 for igneous rocks. Evans and Raitt!?
believe the value to be considerably higher, pos-
sibly between 5 and 10. Finney and Evans'
give values between 3.2 and 10.6, with an average
of about 7. The Pb8/Pb ratios found by the
writer for the excess lead are thus not inconsistent
with the view that ore lead is a concentration
from igneous rocks or the magmas of such rocks.

The ratio of excess Pb27/Pb% = (.10 lends
further support to this hypothesis, as it is roughly
of the right order of magnitude for old uranium
lead. An actual calculation using new data
available for the relative abundances of the
uranium isotopes®* indicates that for the uranium
lead formed during the period between 2 X 10°
and 5 X 108 years ago the Pb®7/Pb¥¢ ratio would
be approximately 0.14. In view of the fact that
the numbers given in the column of excess Pb2”
are obtained by subtracting two numbers very
nearly equal, one can hardly expect better agree-
ment. Moreover, this ratio depends in a some-
what critical way on what one assumes the iso-
topic constitution of primeval lead to be. The
disagreement might well indicate that ‘‘uncon-
taminated” lead differs slightly from primeval
lead.

In a recent paper, Holmes!' makes use of the
constancy of the atomic weight of common lead
(and the alleged isotopic constancy) in an attempt
to prove that it cannot be a concentration from
granitic or basaltic rocks, or their respective
magmas, but must have its origin in some deeper
source in the earth. The present work shows
definitely that the relative abundances of the
isotopes of common lead do vary, but that the
manner of variation is such as to have little effect
upon the atomic weight. Moreover, the data
are not inconsistent with the view that ore lead is
related to ordinary igneous rocks, provided that
one assumes the Th/U ratio in such rocks to be

(11) Holmes, Economic Geol., 32, 763 (1937).

(12) Evans and Raitt, Phys. Rev., 48, 171 (1935).

(13) Finney and Evans, ibid., 48, 503 (1935).

(14) Nier, Bulletin American Phys. Soc., Washington Meeting,
1938.
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around 4.0, rather than 1.6 to 2.4 as is assumed
by Holmes. Nine of the twelve samples studied
by the writer were the identical samples which
appear among those listed in Holmes’ Table IV.

On a simple igneous rock derivation picture one
should expect the oldest samples to contain a
minimum of radiogenic lead contamination and
the youngest a maximum. In this respect the
data have some deficiencies which may or may not
be of a serious nature. Except for the fact that
the three oldest samples contain a minimum of
apparent contamination there is no direct correla-
tion between the age of the deposit and the
amount of contamination. In fact, sample 10,
a young mineral, has essentially the same isotopic
constitution as the assumed ‘‘uncontaminated”
lead. Such apparent difficulties may be only a
manifestation of the fact that the total amounts
of uranium and thorium in rocks vary greatly
from specimen to specimen, and hence the pro-
portion of radiogenic lead to ordinary lead in such
specimens also varies quite independently of any
variation with time.

In conclusion, the writer wishes to emphasize
the fact that the explanation for the variations
advanced in this paper is to be taken as tentative
only. The accumulation of more data may lead
the way to a better theory. However, with the
information now available, the interpretation
does seem to be reasonable and not in serious
disagreement with any well established fact.
An objection may be raised that the variations
might be present in primeval lead itself. In an-
swer to this, one can only say that the variations
are much larger than any that have been reported
for other elements (with the possible exception of
hydrogen and a few other isolated cases, where
the variations can be explained very easily by
isotopic separation taking place in nature). It
does not seem likely that the variations reported
here can be due to isotopic separation, as one
would expect them to be a monotonic function of
the mass. The view entertained by some that
common lead may be only a mixture of thorium
and uranium leads generated since the earth’s be-
ginning certainly is not correct for at least two
reasons, mnamely, (1) common lead -contains
Pb®* which apparently is not produced by the
disintegration of uranium or thorium, and (2) the
Pb27/Pb?® ratio in common lead is far too high to
be consistent with our knowledge of the relative
rates of decay of the actinium and uranium serjes,
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provided one assumes the age of the earth to be of
the order of 2 X 10° years.

The writer wishes to express his appreciation to
Professor G. P. Baxter of the Department of
Chemistry, Harvard University, who very kindly
prepared and furnished eleven of the twelve
samples used. It was only through his interest
and cooperation that this work was possible.

Summary

1. A mass spectrographic study of the isotopes
of twelve samples of common lead shows that the
relative abundances vary considerably in spite of
a nearly constant atomic weight.
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2. A tentative explanation for the variations
is found if one arbitrarily considers some of the
samples to be ‘‘uncontaminated” lead and the
others “‘uncontaminated’” lead to which has been
added approximately equal quantities of uranium
and thorium leads. As the minerals from which
the lead was obtained are essentially free of tho-
rium and uranium, such contamination probably
took place before the mineral was formed.

3. A search for the isotopes Pb?!, Ph2?®, Pb2%,
and Pb?? indicated that if such isotopes exist at
all they must exist with much lower abundances
than was at one time supposed.
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Studies on Aging and Properties of Precipitates.
of Mercuric Sulfide from Sodium Mercuric Sulfide Solutions by Zinc Sulfide.

XXII. The Induced Precipitation

A New

Case of Postprecipitation

By I. M. KoLTHOFF, FRANK S. GRIFFITH AND D. ROMUND MOLTZAU

It was found by Feigl! that when a solution of
a zinc salt is added to a solution of sodium mer-
curic sulfide under such conditions that the re-
sulting liquid phase is not supersaturated with
regard to mercuric sulfide, the precipitate which
separates contains mercury and its color varies
from white to yellow, orange or brown, depending
upon the amount of mercury in the precipitate.
The mercury is not removed readily from the
precipitate by extracting with sodium sulfide solu-
tions. Moreover, Feigl found that the sulfides of
cadmium, lead and manganese acted in a manner
similar to zinc sulfide whereas the sulfides of
silver, cupric and cuprous copper, ferrous and
ferric iron, thallium, bismuth and cobalt did not
induce the precipitation of mercuric sulfide from
a sodium mercuric sulfide solution. In the pres-
ent paper it is shown that the induced precipita-
tion of mercuric sulfide by zinc sulfide is a phe-
nomenon of postprecipitation. This case of
postprecipitation is different from others? pre-
viously investigated in this Laboratory, in that
the mercuric sulfide is taken up by the zinc sul-
fide from a solution which is not supersaturated
with regard to the former. Such a postprecipi-
tation will occur only when the following two

(1) F. Feigl, Z. anorg. allgem. Chem., 157, 269 (1926).
(2) For a review see I. M. Kolthoff and D. R, Moltzau, Chem.
Rev., 17, 293 (1935). '

conditions are fulfilled: (1) the postprecipitated
substance is soluble in the primary precipitate or
forms a compound with it; (2) the speed of sepa-
ration of the primary precipitate is greater than
that of the postprecipitated substance. If the
former condition is not fulfilled no postprecipita-
tion can occur from solutions which are not
supersaturated with regard to the second pre-
cipitate. If the first condition is fulfilled but not
the second a coprecipitation and not a postpre-
cipitation will take place.

Materials Used

Zinc sulfate solutions were made from recrystallized
c. p. chemicals. They were standardized against potas-
sium ferrocyanide.3

Mercuric perchlorate solutions were made from reagent
quality mercuric oxide and perchloric acid. A 0.05 M
perchloric acid solution in equilibrium with mercuric oxide
was found to be 0.004 N in free acid.

Sodium Sulfide.—The commercial products available
were not suitable for the present work because of large
amounts of impurities (thiosulfate). Therefore, the so-
dium sulfide solutions were made by passing washed
hydrogen sulfide through a measured quantity of 5.30 N
sodium hydroxide. A slight excess of hydrogen sulfide
as measured by the increase in weight of the solution, was
absorbed and the concentrated solution diluted with oxy-
gen-free water. The solution was then analyzed for sul-
fide and total basicity and the appropriate amounts of

(8) I. M. Kolthoff and E. A, Pearson, Ind. Eng. Chem., Anal, Ld.,
4, 147 (1932).
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sodium hydroxide solution and water needed to give the
desired composition were calculated and added. In order
to guard against air oxidation the air above the liquid
was swept out with nitrogen.

Air Ozxidation of Sodium Sulfide Solutions.—Most of
the work was first carried out without taking precautions
against air oxidation of the sulfide. The results were not
well reproducible and were sometimes confusing due to
air oxidation of sulfide. This oxidation can be consider-
able after a relatively short time of exposure to air as is
evident from the following experiments. Two hundred
milliliters of a freshly prepared sodium sulfide solution
which was 0.1 N in excess of sodium hydroxide was dis-
tributed between four 250-ml. flasks, the latter were
partially stoppered with omne-hole rubber stoppers and
shaken gently with a rotary motion for twenty-four hours.
The contents of the flasks were mixed and analyzed for
sulfide, polysulfide, thiosulfate and total basicity (see
below). The freshly prepared solution was 0.189 M in
sulfide, the total alkalinity being 0.472 N. After expo-
sure for twenty-four hours the sulfide concentration was
0.110 M, that of polysulfide less than 0.001 M, the thio-
sulfate concentration 0.035 M and the total alkalinity 0.402
N. Hence about 37%, of the sulfide was oxidized after
twenty-four hours of exposure to air. This air oxidation
is prevented by taking precautions to exclude air. A
large number of experiménts were run in which the flasks
containing the sulfide solutions were swept out with nitro-
gen both before the solutions (kept under nitrogen) were
added and before the flasks were stoppered. Under such
conditions only 0.53%, of the sulfide was found to be oxi-
dized after twenty-four hours.

Methods of Analysis.—The sum of sulfide, polysulfide
and thiosulfate was determined by oxidation with bromine
(bromate~bromide and acid) to sulfate.* The thiosulfate
was determined by the method recommended by the Com-
mittee on Analytical Reagents of the American Chemical
Society® for testing the purity of sodium sulfide. The
sulfide and polysulfide are precipitated by adding an excess
(enough to remove excess of alkali) of oxygen-free zinc
sulfate solution. After standing for half an hour the solu-
tion is filtered and an aliquot portion of the filtrate titrated
with standard iodine. The polysulfide was usually de-
termined by Schulek’s® method in which it is trans-
formed into thiocyanate. The latter is oxidized to bromo-
cyanide and determined iodometrically.

The total alkalinity was determined by titrating with
standard acid. Just before the end-point most of the
hydrogen sulfide was removed by aspiration of air and
the titration finished with methyl orange as indicator.

Mercury.—In the study of the postprecipitation of mer-
curic sulfide with zinc sulfide from sodium mercuric sulfide
solutions the remaining mercury in solution was deter-
mined volumetrically.

After investigating various procedures the following
method was found to be suitable for routine analyses.
An excess of hydrochloric acid was added to the sodium
mercuric sulfide solutions to precipitate the mercuric sul-
fide, the solution boiled for a few minutes to remove

(4) I. M. Kolthoff and H. Menzel, ‘“Die Maszanalyse,” 2d
edition, Verlag von Julius Springer, Berlin, 1931, p. 514,

(6) J. Ind. Eng. Chem., 19, 1372 (1927).

(6) E. Schulek, Z. anal. Chem., 65, 352 (1925),

"
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hydrogen sulfide and then 2 ml. of concentrated nitric acid
added. Oxidation was complete within a few seconds but
boiling was continued for a few minutes to remove oxides
of nitrogen and to gather the finely divided sulfur into
larger particles. After removing the flask from the hot-
plate 5 ml. of 6 N sodium hydroxide was added, the solu-
tion cooled, indicator added and the solution exactly neu-
tralized. If the indicator is added to the strongly acid
solution it is sometimes oxidized. A mixture of equal
volumes of brom cresol green (0.1%) and methyl red
(0.1%) was found to be a very suitable indicator, the color
change being from red (acid) to blue (alkaline). After
neutralization, the mercury is determined by the cyanide
method3 (p. 198) by adding an excess of standard potas-
sium cyanide solution and titrating back with standard
hydrochloric acid.

HgCl, 4 2KCN —> Hg(CN). + 2KCl1
KCN + HCI —> HCN 4 KCl1

Degree of Saturation of Sodium Mercuric Sulfide with
Mercuric Sulfide.—Although the air oxidation of sulfide
was prevented by carrying out the experiments in an at-
mosphere of nitrogen, it was desirable, especially in long
period experiments, to have a quick method available to
test for an accidental change of the sulfide concentration
solution. This can be done roughly by titrating with a
standard mercuric chloride solution until the turbidity does
not disappear on further shaking. )

28~ + HgCl; —> HgS,~ + 2Cl1~
HgS,= + HgCl, —> 2HgS 4 2C1~

As the solubility of mercuric sulfide in sodium sulfide
is dependent upon the concentration of sodium hydroxide,’
the method cannot be used to determine accurately the
sulfide content of solutions. It is suitable, however—
with an accuracy to 1 to 2%—to determine the amount of
mercuric salt needed to saturate a sodium sulfide (or
sodium mercuric sulfide) solution with mercuric sulfide.

Experimental Results

Rate of Postprecipitation of Mercuric Sulfide from So-
dium Mercuric Sulfide Solutions in the Presence of
Freshly Precipitated Zinc Sulfide.—In the following
experiments zinc sulfate solution was added to the sodium
mercuric sulfide solution which contained an excess of sul-
fide. Ten ml. of 0.05 M zinc sulfate was added to a mix-
ture of 25 ml. of 0.189 M sodium sulfide which was 0.094
N in sodium hydroxide and 10 ml. of 0.044 M mercuric
perchlorate which was 0.004 N in free acid. If no co- or
postprecipitation occurred the supernatant liquid after
precipitation of 0.5 mmol. of zinc sulfide would be 0.051
N in sodium hydroxide, 0.075 M in sodium sulfide and
0.0098 M in sodium mercuric sulfide. About 8 ml. of the
0.044 M mercuric perchlorate solution could be added
before the solution became saturated with mercuric sulfide.
Before mixing the solutions in screw-cap bottles the air was
swept out with nitrogen, and this gas was passed over
again before screwing the caps on. The bottles were
shaken for a given length of time, centrifuged and 25
ml. was taken for analysis for mercury. The color of the
freshly formed zinc sulfide was white, indicating that no
coprecipitation of mercuric sulfide had occurred, after two

(7) J. Knox, Trans. Faraday Soc., 4, 29 (1908).
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minutes of shaking a yellow tinge of the precipitate was
noticeable and after one hour the precipitate was of a
cadmium sulfide yellow. The results on the rate of post-
precipitation of mercury are given in Table I. A similar

TABLE I

RATE OF POSTPRECIPITATION OF MFRCURIC SULFIDE WITH
ZINC SULFIDE

Time of shaking 6 min. 52 min, 7.5 hrs. 24 hrs, 7 days
Mercury pptd., .
% 14.0 27.9 32.1 34.0 34.2,35.5

set of experiments was run in the presence of a larger excess
of sodium sulfide. After precipitation of 0.5 mmol. of
zinc sulfide the supernatant liquid was 0.062 N in sodium
hydroxide, 0.19 M in sodium sulfide and 0.011 M in
sodium mercuric sulfide. The results are given in Table II.

TasLE IT )
RATE OF POSTPRECIPITATION OF MERCURIC SULFIDE 1IN
THE PRESENCE OF LARGER EXCESS OF SULFIDE

2.5 hrs. 45 hrs.
14.0 16.4

35 min.
12.8

7 days
15.5

Time of shaking 5 min.
Mercury pptd., % 8.4

A comparison of Tables I and II (see also Fig. 1) reveals
that the amount of postprecipitation mercury decreases
to about one-half when the excess of sulfide in solution is
doubled. Moreover, it is evident that after about one
to two days of shaking with freshly precipitated zinc sulfide
a state of equilibrium in the distribution of mercury be-
tween solution and the solid state is attained.

q [o](e}
160}
i |
=
=
E5120-
. 7
% 2
=
wn
5 8o}
[
E
=~
40} >

5 15 25 35
Mercury precipitated, %.
Tig. 1.—1, Small excess of sulfide; 2, larger
excess of sulfide.

Rate of Postprecipitation of Mercuric Sulfide with Zinc
Sulfide of Varying Degree of Perfection and Age.—The
results of the following experiments in which sodium
mercuric sulfide solution was added to a zinc sulfide sus-
pension show conclusively that the induced precipitation
of mercuric sulfide by zinc sulfide is a phenomenon of post-
precipitation. The rate of this postprecipitation de-
creases with increasing degree of perfection and decreasing
surface development of the zinc sulfide. Zinc sulfide
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samples of various degree of perfection and age were pre-
pared.

1. Precipitation from and Aging in Alkaline Solution.—
Ten ml. of 0.05 M zinc sulfate was added to 2.8 ml. of a
solution which was 0.19 M in sodium sulfide and 0.116 N
in sodium hydroxide. The bottles were swept out with
nitrogen and the zinc sulfide aged for the indicated periods
of time.

2. Precipitation from and Aging in Slightly Acid
Medium (pH about 5).—Ten ml. of 0.05 M zinc sulfate con-
taining 0.25 g. of sodium acetate trihydrate was saturated
with hydrogen sulfide. After aging for the given period
of time most of the excess of hydrogen sulfide was re-
moved by evacuating the bottle while swirling well
(blanks showed that only about 0.004 mmol. of hydrogen
sulfide stayed in solution after this treatment). After
evacuation 0.17 ml. of 0.19 M sodium sulfide, 0.25 ml. of
5.3 N sodium hydroxide and 2.4 ml. of water were added,
thus making the volume, amount of sulfide and hydroxide
the same as in the suspensions of product 1.

3. Precipitation from and Aging in More Acid Solution
(final pH about 1.15).—Ten ml. of 0.05 M zinc sulfate
was saturated with hydrogen sulfide. After aging the
samples were subjected to the same treatment as products
2. If the samples were aged for less than one hour a small
amount of the zinc might have remained unprecipitated.
For complete precipitation of zinc'sulfide Jeffries and Swift3
recommend a pH of 1.6.

Procedure of Postprecipitation Experiments

The 100-ml. bottles containing the zinc sulfide suspen-
sions which had been aged for the indicated periods of
time were swept out again with nitrogen whereupon 35
ml. of sodium mercuric sulfide solution of about the same
composition as that used in Table I was added. Immedi-
ately after mixing, the liquid phase was 0.058 N in sodium
hydroxide, 0.0845 M in sodium sulfide and 0.0105 M
in sodium mercuric sulfide. The bottles were stoppered
and shaken vigorously, some for two hours and some for
two days, centrifuged and 25 ml. of the supernatant liquid
was analyzed for mercury by the procedure outlined previ-
ously. The mercuric sulfide separating from mixtures
containing acetate (products 2) was filtered off, washed,
and treated with aqua regia. The fibers of filter paper
were filtered off before titrating the mercury. The filtra-
tion of mercuric sulfide was necessary as the acetate inter--
feres with the mercury titration. The results are given in
Table IIT and reproduced graphically in Fig. 2.

When a range of time is given in the table the shorter
time refers to zinc sulfide products 1, and the longer time
to products 2 and 3. The experiments referring to an age
of zinc sulfide of zero (in parentheses in Table III) were
carried out in a way similar to those in Tables I and II;
the zinc sulfate solution was added to a solution contain-
ing sodium mercury sulfide, sodium sulfide and sodium
hydroxide of appropriate concentrations so that after
precipitation of the zinc sulfide the solution had the same
composition as prevailed in the other experiments. It is
seen that zinc sulfide precipitated in the absence of mer
cury and which was only seven minutes old (product 1) is

(8) C. E. P. Jefiries and E. H. Swift, Tais Jour~aL, 54, 3219
(1932),
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TaBLE IIT

RATE OF POSTPRECIPITATION OF MERCURIC SULFIDE WITH
ZINC SULFIDE OF VARYING DEGREE OF PERFECTION AND

AGE

9% Hg in ppt. after Hg in ppt. after

2ohours ?shak ing da s ofpshaking
with Na:HgS: soln, with Na:HgS: soln.

Age of ZnS Products 1 2 3 Products 1 2 3

(0) (25.5) .. (28.4) .
3-7 min. 24.0 15.4 7.5 28.4 18 0 13 1
1 hour 14.2 11,5 19.0 11.6 10.0
12-16 hours 12.0 6.8 3.4 14.1 8.5 2.5
7 days 10.9 3.9 0.6 11.8 55 0.6

7 days hot® 0.9 0 -1 8.0 0.7 -1

® Aged on gravel at a temperature of about 80-90°.

about as effective as fresh zinc sulfide precipitated in the
presence of mercury. ’

Products 3 are much coarser and more perfect than sam-
ples 2 and the latter more so than products 1. The rate
of postprecipitation of mercuric sulfide (see 3-7 minutes
old zinc sulfide) decreases in the order of products 1, 2, 3.
It is also evident that product 3 ages much more rapidly
at a pH of 1.15 than product 2 at a pH of 5 and the latter
more than product 3 in alkaline medium. After aging for
seven days at room temperature product 3 hardly takes
up any mercury even after shaking for two days with the
sodium mercuric sulfide solution. Product 1 ages very
slowly at room temperature but the perfection becomes
pronounced when aged at 80-90°. Apparently the speed
of postprecipitation of mercuric sulfide with zinc sulfide
is a good indicator of the degree of perfection of the latter.

Effect of Varying Amounts of Zinc Sulfide and of Mer-
cury and Sulfide Concentrations.—During the post-
precipitation of mercuric sulfide the sodium sulfide concen-
tration in the solution increases: Na,HgS, —> [HgS] +
Na;S. When the initial sulfide composition of the solu-
tions is identical, but the amount of postprecipitation after
attainment or approximate attainment of equilibrium
different, a quantitative comparison of the results is not
simple. A series of experiments was run adding different
amounts of zinc sulfate and mercuric perchlorate to sodium
sulfide solutions of such concentrations that the sulfide
concentrations after the formation of the zinc sulfide and
mercuric sulfide complex were identical. The amount of
postprecipitation was determined after four days of shak-
ing at room temperature. For the sake of brevity the
experimental details are omitted and the results given in a
condensed form in Table IV.

TABLE IV
EFFECT OF VARYING AMOUNTS OF ZINC SULFIDE AND OF

MERCURY AND SULFIDE CONCENTRATIONS; 4 DAYs OF
SuAakING, TEMP. 25°
Hg NazS Hg

originally  final final amount Hg Hg
ZnS, in soln.,, amount, insoln., in ppt., pptd.,

mmol mmol. mmol. mmol. mmol. %
0.5 0.5 3.41 0.341 0.159 31.8
1.0 .5 3.4 .222 278 556.6
0.5 1.0 3.41 .696 .304 30.4
1.0 1.0 3.562 .502 .498 49.8
0.5 0.5 7.08 .416 1.084 16.8
1.0 .5 7.02 .329 171 34.2
0.5 1.0 7.00 .854 .146 14.6
1.0 1.0 7.01 727 .273 27.3
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Fig. 2.—1, Zinc sulfide, aged in basic solution; 2, aged at
pH of 5; 3, aged at pH of 2.

Postprecipitation at 80°.—In the following experiments
the state of equilibrium of the distribution of mercuric
sulfide between solution and the solid was approached at
80°. After running some preliminary series the sulfide
concentration in each set was adjusted in such a way as
to give identical sulfide concentrations in the solutions after
attainment of distribution equilibrium. The bottles con-
taining the sodium mercuric sulfide solution were placed
in a beaker of hot water until the temperature of the con-
tents was 90° and then zinc sulfate solution (25°) was
added from a pipet. After thorough mixing the bottles
were capped and kept for two days at a temperature of
80° in the beaker of hot water, the contents of the bottle
being shaken by hand several times during the course of an
experiment. After the heating period the bottles were
allowed to cool to room temperature, centrifuged and an
aliquot part of the supernatant liquid analyzed for mer-
cury. In several cases a thin film of black mercuric sul-
fide separated at the gas-liquid interface during the heat-
ing process which after cooling did not dissolve easily in the
solution although the latter was far from saturated with
mercuric sulfide. The amount of mercuric sulfide formed
at the interface was less than 1%, of the total amount of
mercury present and was not considered in the calculation
of the results which are reported in an abbreviated form
in Table V.

TABLE V

POSTPRECIPITATION OF MERCURIC SULFIDE AT 80° AFTER
SHAKING FOR 2 DAYs

Hg Hg
originally Na2S finally

in solu- final in Hg Hg
Zn§, tion, amount, soln., in ppt.,, pptd., Color of ppt.
mmol. mmol. mmol. mmol. mmol. ) after 2 days
0.5 0.5 3.57 0.286 0.214 42.8 Orange-brown
1.0 .5 3.55 .180 .320 64.0 Orange
0.5 1.0 3.60 .444 .556 55.6 Dark brown
1.0 1.0 3.51 .368 .632 63.2 Brown
0.5 0.5 7.01 .398 .102 20.4 Yellow
1.0 .5 7.10 .315 .185 37.0 Yellow
0.5 1.0 7.03 .817 .183 18.3 Orange-brown
1.0 1.0 7.02 .673 .827 32.7 Orange
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Extractability of Mercuric Sulfide from the Mixed
Zinc-Mercuric Sulfide.—A mixed precipitate containing
0.125 mmol. of mercuric sulfide and 0.5 mmol. of zinc sul-
fide which had been aged for two weeks was extracted
several times with 0.2 M sodium sulfide solutions. In the
first extraction the precipitate was shaken for ten hours
with the sulfide solution; only 0.043 mmol. of mercury
was found in the solution. After removing the superna-
tant liquid the precipitate was shaken with a fresh 50-ml.
portion of sodium sulfide solution for two days after which
time only 0.018 mmol. of mercury had been further re-
moved from the precipitate. A further extraction for a day
with a new portion removed only 0.007 mmol. of mercury.

The resulting precipitate was washed once with water
and then extracted once with 0.5 N hydrochloric acid
saturated with hydrogen sulfide; this treatment removed
95%, of the zinc. After adding the acid the orange pre-
cipitate darkened slowly, within three minutes it was
orange-brown and within ten minutes it was black.
The acid was removed after seventy minutes of shaking,
the precipitate washed with water and extracted for three
hours with 50 ml. of sodium sulfide solution. The re-
mainder of the mercury (0.059 mmol.) was thereby ex-
tracted. Feigl! also found that mercury was difficultly
extractable from the mixed precipitate by sodium sulfide,
but our interpretation is quite different from his.

Discussion

All the results reported so far tend to show
that the postprecipitation of mercuric sulfide
from solutions which are far from saturated with
this compound is to be attributed to a solid solu-
tion formation with zinc sulfide. If such a solu-
tion of mercuric sulfide in zinc sulfide is considered
ideal, it is possible to calculate the distribution
coefficient of mercury between liquid and solid
phases.

If the solution is in thermodynamic equilibrium
with the solid, the thermodynamic potential of
the mercuric sulfide in both phases is identical.
Taking the activity of the mercuric sulfide in the
pure solid as the standard state, we find that in
case the solid solution behaves as an ideal solution

(eHgS): = Swes Nugs ()]
in which (eHgS): denotes the activity of the
mercuric sulfide in the liquid phase, Sy,s the
solubility product of mercuric sulfide and Ny,
the mole fraction of mercuric sulfide in the solid.

In the presence of an excess of sulfide practically
all of the mercury in the liquid phase is present in
the form of HgS,™ ions; from practical viewpoint
we are interested in the distribution of total
mercury between solution and solid.

HgS,™ 7= (HgSh + S
or

HeS,m
(aHgS)1 = Kuess- a—ag—EL (2

I. M. KoLTHOFF, FRANK S. GRIFFITH AND D). ROMUND MOLTZAU
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Since both HgS, and S ions are divalent their
activity coefficients at various ionic strengths
may be expected to be of the same order of mag-
nitude and equation (2) may be approximated to
[HgS:~]

S ®
in which the symbols between brackets denote the

(aHgS): = Kugse-

molar concentrations in solution. Combining
(1) and (3) gives

[HgS2—] SHgS _

-—-——[Sﬂ = Rrgr- Nuzs = KNggs 4)

According to Knox” Sg,g at 25° is equal to 2.8 X
1075, and Kp,s- to 1.96 X 107%. Hence, when
equilibrium distribution is established and if the
solution is ideal

[HgS:"] = KNges[S™] = 14.3 Nas[S7](25°) (5)

From the results given in Table IV it is pos-
sible to calculate the value of K at 25°. In these
experiments the volume of the solutions was 45
ml., the excess of sulfide in the first four experi-
ments being 3.45 mmols. (average), and in the
last four 7.04, corresponding to sodium sulfide
concentrations of 0.0766 M and of 0.156 M, res-
pectively. The concentrations of excess of sodium
hydroxide corresponded to 0.064 N in the first
four experiments and to 0.062 NV in the last four
experiments. Taking the second ionization con-
stant of hydrogen sulfide equal to 10~! and the
ionic product of water equal to 104, we find from
the hydrolysis equation of the sulfide ion

[OH-][SH-] _ K
[S=] KZ(HzS)
If the HS~ ion concentration is designated by X,
then [OH—] = CNaOH + X and [S=] = CNazS -
X. Introducing these expressions into equation
(6) yields a quadratic equation which can be
solved for X.

The values of K calculated in this way from
the results of experiments in Table IV are given
in Table VI and plotted in Fig. 3.

An attempt was made to calculate the values
of K at 80° from the results reported in Table
V. According to Jellinek and Czerivinski® the
degree of hydrolysis of sodium sulfide solutions
does not change between 0 and 25°.  On the basis
of this result we have assumed in our calculations
that the hydrolysis constant of the sulfide at
80° is equal to that at 25°. This is probably in-
correct as is also evidenced by the fact that the
values of K calculated from experiments in

(9) K. Jellinek and J. Czerivinski, Z. physik. Chem., 102, 476
(1922).

=10 (25°) (6)
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TaBLE VI

DistrIBUTION COEFFICIENT K OF MERCURIC SULFIDE
BETWEEN SODIUM MERCURIC SULFIDE AND ZINC SULFIDE
AT 25 AND AT 80°

Temp., [HgS:™]

°C. Nugs molar [S=] X 108 K

25 0.242 0.341 1.06 29.6
25 .218 .222 1.06 21.4
25 .378 .696 1.06 38.6
25 .332 .502 1.06 31.6
25 .214 727 3.28 23.0
25 .226 .854 3.28 25.6
25 . 146 .329 3.28 - 15.3
25 .144 .416 3.28 19.6
80 .300 .286 1.06 20.0
80 .242 .180 1.06 15.6
80 .527 .444 1.06 17.7
80 .387 .368 1.06 19.9
80 .246 .673 3.28 18.6
80 .268 .817 3.28 20.7
80 .156 .315 3.28 13.7
80 .169 .398 3.28 16.0

which the sodium sulfide concentration was
0.0766 M fall on a different line than those in
which the sodium sulfide concentration was
0.156 M (see Fig. 3). On the other hand, the
values of K calculated from the results of ex-
periments at room temperature at different sul-
fide concentrations fall approximately on one
straight line. It is seen from the results and par-
ticularly from Fig. 3 that the value of K is not
constant, but increases as a linear function of the
mole fraction of mercury in the solid solution.
A similar result was found by Yutzy and Kolthoff1
for the change of the distribution coefficient of
bromide between aqueous solutions and mixed
crystals of silver chloride and bromide at dif-
ferent mole fractions of bromide in the solid.

The change of K with the mole fraction of
mercury in the solid shows that the solid solutions
do not behave as ideal sclutions, and that activi-
ties cannot be taken equal to mole fractions. It
is gratifying that the values of K are of the order
of magnitude of the calculated value of 14.3 based
on the assumption of ideal solutions and equilib-
rium constants of Knox.

From the graph it is seen that at 80° the values
of K increase less with increasing mole fraction
of mercury than at 25°. Hence, at higher tem-
peratures the system approaches that of an ideal
system. Qualitatively, a similar result was found
again by Yutzy and Kolthoff,® who at 100° found
in the system silver chloride-bromide a value of

(10) H. C. Yutzy and I. M. Kolthoff, THis JOURNAL, 5§9, 916
(1937).
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the distribution coefficient which was independ-
ent of the composition of the solid.

40

10 |

1 [ L L L {

01 02 03 04 05 06
Mole fraction of mercury.
Fig.3.—0,in 0.0766 M Na,S at25°; 0, in
0.156 M Na,S at 25°; ©, in 0.0766 M Na,S
at 80°; ®, in 0.156 M Na,S at 80°.

Figure 3 shows that at high mole fractions of
mercuric sulfide with solid (at Ny, > 0.5) the
value of K does not increase further with in-
creasing Ny,s at 80°. This might indicate that
the solid consists of two phases, the second phase
being mercuric sulfide or, more likely, a solution
of zinc sulfide in mercuric sulfide.

It is of interest to note that according to equa-
tion (5) the distribution coefficient of the mercuric
sulfide between solution and precipitate is in-
dependent of the chemical nature of the solid as
long as the latter can form ideal solid solutions
with mercuric sulfide. Hence, it may be expected
that under comparable conditions the distribution
of mercuric sulfide between sodium mercuric sul-
fide solution and zinc, lead or manganese sulfides
will be of the same order of magnitude.

Direct evidence from X-ray measurements of
mixed crystal formation between mercuric and
zinc sulfide was given by Moltzau and Kolthoff.!!
They found that zinc sulfide dissolved in mercuric
sulfide to a limited extent. The present study
shows that mercuric sulfide is soluble—at least to
a certain extent—in zinc sulfide.

An X-ray examination of an orange colored
precipitate, kindly made for us by Mr. M. L.
Fuller of the New Jersey Zinc Co., showed that it
had a zinc sulfide cubic lattice expanded about
1%. The broadness of the lines on.the film pre-
vented an exact measurement.

Summary

1. Mercuric sulfide is postprecipitated with

(11) D. R. Moltzau and I. M. Kolthoff, J. Phys. Chem., 40,
637 (1936).
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zinc sulfide from sodium mercuric sulfide solu-
tions which are undersaturated with mercuric
sulfide. Such a postprecipitation occurs only
when the mercuric sulfide is soluble in the pri-
mary precipitate, and the speed of separation
of the latter from solution is greater than the
speed of dissociation of the HgS,~ ion into HgS
and S~ :

2. The distribution coefficient of mercuric
sulfide between aqueous solution and solid has
been determined at 25 and 80°. The solid solu-
tion does not behave as an ideal solution, but the
values of the distribution coefficient are of the
same order of magnitude as the value calculated

C. L. BurLER AND ALICE G. RENFREW

Vol. 60

upon the basis of formation of ideal solutions.
This calculated value is independent of the nature
of the solid, as long as the latter acts as a solvent
for mercuric sulfide.

3. The speed of attainment of distribution
equilibrium between sodium mercuric sulfide
solution and zinc sulfide is a good indicator of the
degree of perfection and the progress of aging of
the latter. It is shown that zinc sulfide precipi-
tated at a pH of 1.15 is more perfect and ages
more rapidly at this pH than the sulfide formed
and aged at a pH of 5 and the latter more so than
the sulfide formed and aged in alkaline medium.

MINNEAPOLIS, MINN, RECEIVED APRIL 14, 1938

[CONTRIBUTION FROM THE DEPARTMENT OF RESEARCH IN PURE CHEMISTRY, MELLON INSTITUTE OF INDUSTRIAL
RESEARCH]

Hydroxyalkyl Ethers of Basic Phenols.
The Antipneumococcic Activity of Some 8-Quinolyl Ethers

By C. L. BUuTLER AND ALICE G. RENFREW

It appeared to be of considerable general interest
to extend'the application of the hydroxyalkylation
method used in the cinchona alkaloid field! to
other types of basic phenolic substances. More
specifically, it was hoped that studies carried out
on simpler basic phenols would give a partial
explanation, at least, of the low yields obtained in
attempts to hydroxyethylate phenolic cinchona
alkaloids with ethylene chlorohydrin.? Further,
the preparation of simpler substances, related
structurally to these alkaloids, was of interest in
the chemotherapeutic study of pneumonia. Ex-
periments undertaken with these considerations
in view are described in the present report. -

Phenol, aniline, p-aminophenol, p-acetamino-
phenol, m-diethylaminophenol and 8-hydroxy-
quinoline were chosen as suitable starting ma-
terials for the investigations. The compounds
were alkylated in the usual way with benzyloxyal-
kyl p-toluenesulfonates® and the resulting amino-
aryl benzyloxyalkyl ethers were hydrolyzed in
dilute hydrochloric acid to hydroxyalkyl deriva-
tives.! Yields were high in nearly all cases. The
reaction with p-aminophenol was complicated by
nitrogen alkylation. p-Acetaminophenol, how-
ever, gave with benzyloxyethyl p-toluenesul-

(1) Butler and Renfrew, THis JoUrRNAL, 60, 1473 (1938).
(2) Butler, Renfrew, Cretcher and Souther, bid., §9, 227 (1937).
(3) Butler, Renfrew and Clapp, ibid., 60, 1472 (1938).

" fonate, a high yield of the benzyloxyalkyl ether,

which was readily converted to 8-hydroxyphene-
tidine. Hydroxyalkylation of m-diethylamino-
phenol and 8-hydroxyquinoline was accomplished
without difficulty.

It seemed possible that the failure of ethylene
chlorohydrin to hydroxyethylate phenolic cin-
chona alkaloids? might be due to the presence in
the cinchona structure of basic groups, with
which this substance reacted with greater ease
than with the phenolic group; or by which it was
destroyed before it could react. Several alkyla-
tions with ethylene chlorohydrin were carried out
in attempts to get further information on this
point. According to Rindfusz* a 509, yield of
hydroxyethyl phenyl ether is obtained on alkyla-
tion of sodium phenolate with this reagent. In
the present work the reaction was carried out in
the presence of one molecular equivalent of tri-
ethylamine. Only 139, of the theoretical quan-
tity of hydroxyethyl phenyl ether was obtained in
this experiment. The presence of triethylamine,
however, did not decrease the yield of alkylation
product when benzyloxyethyl p-toluenesulfonate
was used as alkylating reagent. 8-Hydroxy-
quinoline, on alkylation with ethylene chlorohy-
drin, gave only 199, of the theoretical amount of

(4) Rindfusz, ibid., 41, 669 (1919); see also Bentley, Haworth
and Perkin, J. Chem. Soc., 69, 164 (1896).
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TaBLE I

ANTIPNEUMONIC ACTIVITY AND TOXICITY OF 8-QUINOLYL ETHERS

Toxicity —
20 g. mice; deaths at dosages of

Bactericidal power in ilro®

—

Substance Growt] Dilution 1 mg. 2 mg. 3 mg. 7 mg. 8 mg. 10 mg.
8-Hydroxyquinoline sulfate Complete inhibition ~ 1:400000 8/30 30/30 30/30
8-Quinolyl Ether Hydrochlorides
Ethyl Slight inhibition 1:50000 2/10 13/30
B-Hydroxyethyl Slight inhibition 1:100000 0/30 0/10 0/30
v-Hydroxypropyl No inhibition 1:50000 0/10
a-Methyl g-hydroxyethyl No inhibition 1:50000 0/30 0/10 0/10 2/30

% Detailed results will be published by the medical staff associated with the Mellon Institute in the chemotherapeutic

study of pneumonia.

hydroxyethyl 8-quinolyl ether, as compared with
the 509, yield obtained by Rindfusz* in the hy-
droxyethylation of phenol, where there could be
no question of complication with basic nitrogen
groups. Hydroxyethyl 8-quinolyl ether was ob-
tained in 679, yield, using benzyloxyethyl p-
toluenesulfonate. m-Diethylaminophenol gave
practically identical quantities of hydroxyethyl
ether with the two reagents. It is believed that
these results confirm the opinion that the un-
favorable yields reported in the earlier work on
hydroxyalkylation of cinchona alkaloids with
ethylene chlorohydrin? were due to complications
involving the two nitrogen atoms of the alkaloids.
The difficulty can be avoided to a very large ex-
tent by the use of the benzyloxyalkyl aromatic
sulfonates for alkylations of this type.

The preparation of the quinoline derivatives
had an added interest because of the structural
relationship of these compounds to the cinchona
alkaloids, and because of the marked germicidal
activity of many substances of this type.? Hirsch-
felder and co-workers® found that 8-hydroxy-
quinoline sulfate was highly active ## vitro against
the pneumococcus. In spite of this observation
the possibility of the usefulness of simpler quino-
line derivatives as antipneumococcic agents has
received very little attention. More recently, a
series of eighteen quinoline derivatives was in-
vestigated by Bithrmann’ and several substances
derived from 2-phenyl-4-amino- and 4-amino-6-
hydroxyquinolines, were found which inhibited
the growth of pneumococci. In view of Hirsch-
felder’s results,® it seemed advisable to have
further tests run on 8-hydroxyquinoline and the
8-quinolyl ethers prepared in the course of this
work. Interest in these compounds was enhanced

(5) Von Oettingen, ‘“Therapeutic Agents of the Quinoline Group,”
The Chemical Catalog Company, Inc., New Vork, 1933.

(6) Hirschfelder, Jensen and Swanson, Proc. Soc. Expil. Biol.
Med., 20, 402 (1923).

(7) Bithrmann, Z. Immunitiisforschung, 84, 300 (1935).

by the suggestion that 8-hydroxyquinoline may
stimulate the defense mechanism of the body®
(p. 33). In Table I, both the mouse toxicity and
the pneumococcicidal activity are seen to be re-
duced sharply by alkylation of the phenolic hy-
droxyl group. Some pneumococcicidal activity
is maintained in the ethyl and hydroxyethyl de-
rivatives. Further biological examination of
these substances would appear to be desirable,
especially in view of their very low toxicities.

Experimental

Half molecular quantities of the compounds to be alkyl-
ated were converted to potassium salts with the calculated
amount of potassium hydroxide in about 300 cc. of abso-
lute alcoholic solution. The alkylating reagent was then
added and the mixture was refluxed for two to two and one-
half hours on a water-bath. When ethylene chlorohydrin
was used as alkylating reagent, the reaction mixtures were
worked up directly in the wusual way for hydroxyethyl
ether. The crude reaction products from the benzyloxy-
alkyl p-toluenesulfonate alkylations were isolated by
evaporating the solvent from the filtered alcoholic solution
and separating from alkali-soluble material. The benzyl
derivatives were hydrolyzed in dilute hydrochloric acid to
hydroxyalkyl ethers as previously described! and the prod-
ucts were worked up and purified by the usual methods.

Phenoxyethyl Benzyl Ether.—The ether was obtained
as an oil on alkylation of phenol with benzyloxyethyl
p-toluenesulfonate. The product was purified by frac-
tional distillation; yield 67%; b. p. 175° at 3 mm.

In a second experiment, conditions were altered by add-
ing to the alkylation mixture one equivalent of triethyl-
amine. The presence of this base did not interfere with
the desired reaction, as was evidenced by the high yield
(78 % of the theoretical) of ether obtained.

Amnal. Caled. for Ci;Hy0q: C, 78.9; H, 7.1.
C, 79.05; H, 6.9.

B-Hydroxyethyl Phenyl Ether.*—The alkylation of
phenol with ethylene chlorohydrin was carried out in the
usual way except that one equivalent of triethylamine
was added to the reaction mixture. The yield of 8-
hydroxyethyl phenyl ether was only 12.5%, as compared
with the 509, yield obtained by Rindfusz.*

B-Hydroxyethylaniline.—Aniline was alkylated with
benzyloxyethyl p-toluenesulfonate and the crude benzyl-

Found:
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oxyethylaniline was hydrolyzed in 119 hydrochloric acid!
to B-hydroxyethylaniline; yield 50%; b. p. 157-158° at
13 mm.

A portion of the hydroxyethylaniline was converted to
N-benzoxyethyl benzanilide with benzoyl chloride, in 80%
yield. The melting point was 91-92°, which agrees with
the figure found by Schorigin and Below.?

Alkylation of p-Aminophenol with Benzyloxyethyl
p-Toluenesulfonate.—The only product which could be
isolated in this experiment was a crude trialkylated sub-
stance of probable structure CsH;CHyOCH,CH,OCH.N-
(CH,CH,OCH,C¢H;);. A small amount of this material
was converted to a crystalline sulfate and analyzed.

Amnal. Caled. for Cg3H3;04N 0.5 HoSO4: SOy, 8.5. Found:
SO, 7.7.

The main portion of the reaction product was hydro-
lyzed in dilute hydrochloric acid to remove benzyl groups.
The yield of hydrolysis product was very low. Since the
crude substance formed only mono-acyl derivatives with $-
toluenesulfonyl chloride and acetyl chloride, it consisted
probably of phenylmorpholine p-hydroxyethyl ether.

Anal. Amorphous p-toluenesulfonyl derivative. Caled.
for CyH;S0;CH,CH,OC:HN(CH,CH,),0: C:H:S0:K, 55.7,
Found: C;H;SO:K, 55.4.

Crystalline acetyl derivative from alcohol; m. p. 118-
1190. Caled. for CHaCOzCHQCH2OCsH4N(CHQCH2)2OZ
CH;CO, 16.2. Found: CH3CO, 164, 16.7.

Benzyloxyethyl p-Acetaminophenyl Ether.—p-Acet-
aminophenol was readily alkylated with benzyloxyethyl
p-toluenesulfonate, The solid ether was purified by
crystallization from absolute alcohol; yield 88%; m. p.
88°.
~ Amal. Caled. for Ci/H;OsN: C, 71.6; H, 6.7. Found:

C,71.3; H,7.0. :

B-Hydroxyphenetidine.—Benzyloxyethyl p-acetamino-
phenyl ether was hydrolyzed in 119, hydrochloric acid in
the usual way! to B-hydroxyphenetidine; yield 80%,. A
sample recrystallized from alcohol melted at 73°.

Anal. Caled. for CsHuO:N: N, 9.15. Found: N, 9.2.

A small sample was converted to a crystalline diacetyl
derivative with acetyl chloride. The melting point was
128°, which was in fair agreement with the figure found
by Katrak.?

B-Hydroxyethyl m-Diethylaminophenyl Ether.—m-Di-
ethylaminophenol, on alkylation with ethylene chloro-
hydrin, gave a 629, yield of B-hydroxyethyl m-diethyl-
aminophenyl ether. An identical over-all yield was
obtained when the hydroxyalkylation was carried out
through the intermediate benzyloxyethyl derivative.
There is, therefore, no advantage in the use of benzyloxy-
ethyl p-toluenesulfonate in this case; b. p. 148° at 3 mm.,
m. p. 41°.

Amnal. Caled. for CoHsO.N: N, 6.7; C, 68.9; H, 9.1.
Found: N, 7.9; C,69.3; H, 9.6. )

An acetyl derivative was obtained as a viscous liquid
with acetic anhydride and sodium acetate.

Amnal. Calcd for C14H2103NZ CHsCO, 17.1.
CH;CO, 16.9, 17 4.

(8) Schorigin and Below, Ber., 68, 833 (1935).
(9) Katrak, J. Indian Chem. Soc., 13, 334 (1936).
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B-Hydroxyethyl 8-Quinolyl Ether.—8-Hydroxyquinoline
was alkylated with benzyloxyethyl p-toluenesulfonate,
and the crude benzyloxyethyl 8-quinolyl ether was hydro-
lyzed to B-hydroxyethyl 8-quinolyl ether in dilute hydro-
chloric acid. The substance was purified by crystalliza-
tion of its hydrochloride from absolute alcohol; yield 709%,;
m. p. 199-200°.

Amnal. Caled. for CyHpuO:N-HCIl: Cl, 15.7. Found:
Cl, 15.8.

The base was recovered from the hydrochloride and
crystallized from alcohol; m. p. 83-84°.

Amnal. Caled. for CyHy;O:N: C, 69.8; H, 5.9; N, 7.4.
Found: C, 69.5; H,6.1; N, 7.3.

B-Acetoxyethyl 8-quinolyl ether was obtained by
acetylation of the hydroxyethyl ether with acetyl chloride.
It was purified by crystallization of its hydrochloride from
alcohol; m. p. 153°.

Anal. Caled. for CyuHsO3N-HCI: CHCO, 16.1; Cl,

1325, Found: CH,CO, 16.8; Cl, 13.1.

A more direct preparation of g-hydroxyethyl 8-quinolyl
ether was accomplished by alkylation of 8-hydroxyquinoline
with ethylene chlorohydrin. The yield, however, was only
199, using this method.

a-Methyl-g-hydroxyethyl and ~-Hydroxy-z-propyl
8-Quinolyl Ethers.—The compounds were prepared by
alkylation of 8-hydroxyquinoline with the appropriate
benzyloxyalkyl p-toluenesulfonates and hydrolyzing the
intermediate benzyloxyalkyl ethers to the desired hydroxy-
alkyl derivatives.

a-Methyl-B-hydroxyethyl 8-quinolyl ether was purified
by crystallization of its hydrochloride from alcohol; yield
409, )

Amnal. Caled. for CiH;30,N-HCI: Cl, 14.8; N, 5.8.
Found: Cl, 14.6; N, 6.3.

The base was liberated from the hydrochloride and
crystallized from ether; m. p. 65°. With acetyl chloride
it gave a solid acetyl derivative, which was crystallized
from acetone; m. p. 99°.

Anal. Caled. for CiyH;sO;N: CH3;CO, 17.5. Found:
CH,CO, 17.0, 18.1.

v-Hydroxy-n-propyl 8-quinolyl ether was similarly
purified; yield 59%; m.p. 129°.

Amnal. Hydrochloride. Caled. for C;;H;30,N-HCI: Cl,
14.8. Found: Cl, 14.5. Base. Calcd. for C;HisO:N:
N, 6.9. Found: N, 7.1.

v-Acetoxy-n-propyl 8-quinolyl ether was obtained as a
reddish oil on acetylation with acetic anhydride and so-
dium acetate.

Amnal. Caled. for CiH;;0;N: CH;CO, 17.5.
CH;CO, 17.5, 17.6.

8-Ethoxyquinoline.—8-Hydroxyquinoline was alkylated
in the usual way with ethyl p-toluenesulfonate; b. p. 178°

Found:

at 28 mm.?® The base was converted to hydrochloride,
which was crystallized from alcohol.

Anal. Caled. for CyHuON-HCI: Cl, 16.9. Found:
Cl, 16.9.

Summary

The preparation of several hydroxyalkyl ethers
of basic phenols has been described. Some
(10) Fischer and Renouf, Ber., 17, 759 (1884).
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physiological properties of hydroxyalkyl 8-quino-
1yl ethers having a bearing on the chemotherapy
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of pneumonia have been presented briefly.
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The Wagner-Meerwein Rearrangement.
A Kinetic Reinvestigation of the Isomerization of Camphene Hydrochloride'

By PavuL D. BARTLETT AND IRVING POCKEL

About a year ago we reviewed the evidence?
that the rearrangement of camphene hydrochlo-
ride (I) into isobornyl chloride (II), and of pinene
hydrochloride (III) into bornyl chloride (IV) in-
volves complete Walden inversion at carbon atom
no. 2 of the camphane ring system (the point of at-
tachment of the chlorine in bornyl and isobornyl

chlorides). Analogy with well-known cases of
g i
N i
H,C—CH H,C Hccx
H,C HCH :C HCIV
N N
C C
H H
I II
T T
N i
HzC{{C H,C CICA
| | C(CHj); —> | | C(CHs),
H,C HCH H,C Hcy
N N
C C
H H
I v

Walden inversion led us to propose that this rear-
rangement was a collision process, involving don-
ors or acceptors of chloride ions, or both. Such a
potential donor and acceptor is always present in
solutions of camphene hydrochloride, since this
compound dissoeiates rapidly and reversibly into
camphene and hydrogen chloride, and this equilib-
rium is attained more rapidly than the rearrange-
ment occurs.

If hydrogen chloride played an essential part
in the rearrangement, the reaction could not be a
spontaneous, monomolecular one as reported by
Meerwein and van Emster.? Since these authors
had not considered higher orders of reaction, we

(L) Most of this material was included in a paper presented at
the Organic Symposium at Richmond, Va., on December 30, 1937.

(2) Bartlett and Pockel, THis JoURNAL, 59, 820 (1937).

(3): Meerwein and van Emster, Ber., 85B;, 2500 (1922).

recalculated their data in terms of first, second and
three-halves order equations and found that in
six of the nine solvents studied the data were best
fitted by the formulation of the second order with
respect to camphene hydrochloride, while in the
remaining three solvents the three-halves order
formulation was best. This left it quite uncer-
tain in what manner hydrogen chloride entered
into the rearrangement process.

We have now carried out a number of kinetic
experiments designed to provide clear evidence
of the order of the reaction. Nitrobenzene was
chosen as a solvent because it allows the rearrange-
ment to proceed at the most convenient rate for
measurement. The results show clearly that the
rearrangement involves one molecule of camphene
hydrochloride and one of hydrogen chloride, and
they provide a complete explanation for the ap-
parent variation of the order of the reaction with
change of solvent under the conditions of meas-
urement used by Meerwein and van Emster and,
initially, by ourselves. The dissociation equi-
librium
Camphene hydrochloride T=> Camphene + HCl (1)
lies, in the case of most of our solutions, more than
94% to the left. With pure camphene hydro-
chloride, the hydrogen chloride concentration in
the solution will be proportional to the square root
of the camphene hydrochloride concentration,
and hence the rate of reaction is proportional to
the %/» power of the camphene hydrochloride
concentration. However, when a large excess of
camphene is present, the amount of hydrogen
chloride at equilibrium is diminished and its
concentration becomes proportional to that of
the camphene hydrochloride. The reaction under
these conditions is slowed down and becomes ap-
parently bimolecular with respect to camphene
hydrochloride. The explanation of the fact that
the rearrangement seems to be sometimes second
and sometimes 3/, order is that it is almost im-
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possible to prepare camphene hydrochloride free
from camphene. If the amount of camphene
present in a particular sample is small enough, the
reaction will approximate the 3/, order, but it
casily may be great enough to make the second
order a better approximation.

B o & 3 0o ©

1/X and —10 log X.

I ! | I | 1 L1
60 70 80 90

10 20 30 40 &0
Time in hours.

Fig. 1—Rate of rearrangement of camphene hydro-
chloride to isobornyl chloride in nitrobenzene solution
at 20° in the piesence of excess free camphene: O,
1/X; ©, —10 log X.

There are several quantitative tests, described
in full below, which show that this description of
the kinetics of the rearrangement is correct.
First, with our purest samples of camphene hy-
drochloride, we were able to duplicate Meerwein'’s
kinetic data which fit the equation of the 3/
order. Second, by the addition of excess cam-
phene the reaction is made strictly bimolecular
(Fig. 1). Third, such additions of camphene
diminish the rate of the reaction to the extent pre-
dicted from the assumption that there is no spon-
taneous rearrangement not involving hydrogen
chloride (Fig. 2). Fourth, the velocity constant
for the reaction between camphene hydrochloride
and hydrogen chloride is the same for the rapid
reaction in which excess hydrogen chloride is
present as for the slow reaction with excess cam-
phene. Fifth, a general equation, derived on the
assumption here set forth, fits the kinetic data
under these conditions and in those intermediate
cases where neither of the limiting formulations
holds.

The supposed spontaneous rearrangement of
camphene hydrochloride is therefore a process
catalyzed by hydrogen chloride. Nevertheless,
the balance of the evidence does not seem to be in
favor.of the donor hypothesis which led us to
undertake this investigation. The free chloride

PaurL D. BarrLETT AND IRVING POCKEL
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ion, which should be the best possible donor, is
without effect on the rate of the rearrangement in
acetone solution, as shown by kinetic runs with
and without lithium chloride. Although all the
catalysts for the rearrangement reported as such
by Meerwein and van Emster contain chlorine
and hence are potential donors of chloride ions,
we find that o-cresol is not only a good solvent
for the rearrangement, as reported by these
authors, but a specific catalyst when dissolved
in nitrobenzene. Its catalytic efficiency is about
one-third that of hydrogen chloride, and it takes
the place of hydrogen chloride kinetically. No
cresol is consumed in this reaction. Since lithium
chloride, which can be a domnor, is not a catalyst,
and cresol, a good catalyst, cannot be a donor,
this way of explaining the Walden inversion at-
tending the rearrangement is untenable.

0.12
0.10
0.08
0.06 -
0.04 -
0.02 -

—0.01+
—0.03

10 20 30 40
1/m.
Fig. 2—Plot of 4 against 1/m: A4 is free camphene
added; m is bimolecular rate constant.

Nevertheless, from the occurrence of the Walden
inversion in the rearrangement, it seems clear to
us that either the carbonium ion has spatial prop-
erties quite different from those that have been
currently attributed to it, or else the mechanism
of Meerwein requires important modification.
We are continuing our work and hope to be able
to choose between these alternatives. Further
discussion of the mechanism is therefore post-
poned to a later paper. '

The fact that hydrogen chloride is necessary
to the otherwise uncatalyzed rearrangement ex-
plains the anomalous position of ether among the
solvents of Meerwein and van Emster. Ether,
though not possessing the lowest dielectric con-
stant of the series of solvents which these authors
studied, was unique for the slowness with which
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the rearrangement proceeded in it. A glance at
their list of solvents shows that ether is the only
one with definitely basic properties. Hydrogen
chloride in this solvent must exist largely as
diethyloxonium chloride, in which form it is in-
capable of assisting the removal of chloride jon
from the camphene hydrochloride molecule. In
harmony with this conclusion, we have found
that acetone, which also possesses a basic oxygen
atom, also allows the rearrangement to proceed
much more slowly than corresponds to its position
in the dielectric constant series. Meerwein and
van Emster® (p. 2511) correlated the effect of
ether with its basicity, although the connection
could not be clear when the rearrangement was
regarded as largely uncatalyzed.

Derivation of the Kinetic Equations

Wynne-Jones has shown* that hydrogen chlo-
ride behaves as a normal, undissociated and un-
associated solute in nitrobenzene. Let x, v, and
2 denote the concentrations of camphene hydro-
chloride, hydrogen chloride, and isoborny! chlo-
ride, respectively. During any run there is a con-
stant difference between the concentrations of
hydrogen chloride and camphene, and the latter
accordingly can be designated by y + ¢. By the
conditions of equilibrium 1

x =¥ j c) )
so that

c? c
y“\/K’“LZ"E

The general rate equation is

For the purpose of integration we make the sub-

stitution
62
v = Kx + i
Then
20dv _k( , ¢ c
_dv_T—K v 4)(U~§)dt

The integrated form is

¢ ——Klnw—}-c/z
c? v —¢/2

(3
This integral is a linear function of time for all our
runs, whether ¢ be large or small, positive or nega-
tive. The use of this equation requires a knowl-
edge of the values of ¢ and K. When ¢ is small
its value is uncertain by reason of the great dif-
(4) Wynne-Jones, J. Chem. Soc., 1084 (1930).
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ficulty of obtaining samples of camphene hydro-
chloride which contain an excess of neither cam-
phene nor hydrogen chloride. 'We have not found
any titration method for camphene suitable in the

-presence of camphene hydrochloride, and hence

to obtain the best estimate of K we have made use
of the following considerations.

When ¢ is large compared to y, we may replace
(y + ¢) in Equation (2) with ¢. This leads to the
expression

y = Kx/c
whence, if K is small enough so that x is much
greater than y

dz____d_x__ K ,
T T
and
1 kK
p ——;—t+Constant (4)

The reaction under these conditions is therefore
of the second order with respect to camphene
hydrochloride, and the second order rate constant
is equal to kK /c.

We now make up a series of runs by adding
different known amounts 4 of camphene to por-
tions of a stock solution of a single sample of
camphene hydrochloride containing an unknown
excess ¢y of camphene. In these runs

c=c¢+ 4
Denoting the observed bimolecular rate constants
for these runs by 7, we get the relationship
m = kK/(co + 4)
which can be transformed to
A = (kK/m) — ¢ (5)
According to this, if the known values of 4 be

~ plotted as ordinates against the observed 1/m

values as abscissas, the plot should be a straight
line of slope kK and of intercept —¢, on the axis
of ordinates. Figure 2 shows this plot for a series
of runs made on the stock solution without added
camphene and with three known concentrations
of camphene added. The bimolecular formula-
tion is not valid for the run without added cam-
phene, since the value of ¢ in this case is not high
enough to make the assumptions valid. This
point has nevertheless been put on the graph for
comparison. It can be seen that the three points
for which Equation (4) is valid fall on a good
straight line and allow an extrapolation to be
made which gives a value of 0.0253 for ¢, and of
3.72 X 1073 for kK. Knowing the true values
of ¢ for all the runs, we can now calculate a value
of K for each point of the kinetic run where we
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have values of both x and y. Among all the de-
termined quantities, y is the least certain, since
hydrogen chloride has a great tendency to escape
during the sealing and opening of the ampoules.
However, the average values of K for the several
runs are in good agreement, and we take the gen-
eral average of 1.8 X 107% as the most probable
value. This K is used wherever Equation (3) has
been applied. The use of Equation (3) on the run
of the present series to which no camphene was
added yields a k of 2.45 in as good agreement
with the value 2.07 determined from the slope of
the line in Fig. 2 as the uncertainty of K would
lead us to expect.
When ¢ becomes zero, Equation (2) becomes
K = y2/x
and the kinetic equations are

and
2
V' Kz
In the concentration range actually used, only
the first term of the integral is of importance, and
the reaction should therefore be of the 3/, order.
In only a few of our runs, and of Meerwein'’s, was
the camphene hydrochloride pure enough to ap-
proach this behavior; for even the small amount
of camphene presént in the run of Fig. 1 causes
the run to be more nearly second than 2/, order.
In the presence of a large excess of hydrogen
chloride, y is practically equal to —c¢, and only
then will the reaction be kinetically of the first
order with respect to camphene hydrochloride.
Equation (3) can be shown, by the usual meth-
ods of evaluating limits, to approach these special
cases under appropriate conditions.

1
+ 5 = kt + Constant (6)

Materials and Experimental Procedure

The nitrobenzene used as solvent was purified by dis-
tillation through a nine-foot (2.75-meter) column. It
boiled at 98° at 19 mm. and melted at 5.3°.

The camphene was prepared by the methods of Ullmann
and Schmid® and Bertram and Walbaum.® All samples of
camphene melted above 49°.

Camphene hydrochloride was prepared at first by the
method of Meerwein and van Emster. This method of
preparation involves keeping for some time in a vacuum
desiccator over alkali, which in our experience always re-
sults in a preparation containing excess camphene. Qur
samples of the hydrochloride most free from camphene
were obtained by keeping the product, after drying, in an
atmosphere of hydrogen chloride for one hour. This

(5) Ullmann and Schmid, Ber., 43, 3208 (1910).
(6) Bertram and Walbaum, J. prakt. Chem., 49, 8 (1894).
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resulted in preparations containing as much as 20%, of iso-
bornyl chloride. Run 3.5, which shows 3/; order kinetics,
was carried out with a sample prepared in this manner.
In the run with acetone as a solvent, it was found necessary
to allow the samples to stand with sodium methoxide for
two hours instead of one, to ensure complete decomposi-
tion of the camphene hydrochloride.

The technique of Meerwein and van Emster was used
in the kinetic runs, except for the substitution of methyl
red for iodoeosin as indicator. For comparison with the
results of Meerwein, the temperature of 20° was chosen
and used throughout. The temperature was controlled
by a thermostat within less than 0.1°.

Most of the runs were carried beyond 709 completion,
to make possible a clear differentiation between orders of
reaction.

Kinetic Results

Our conditions were so chosen that the order of
reaction in most cases can be seen clearly from a
plot of the function of concentration of camphene
hydrochloride which should vary linearly with
time. Figure 1 shows such a plot for one of the
runs with excess camphene. In this case the re-
action should be second order if hydrogen chloride
is essentially involved in it, and first order if it isa
spontaneous reaction of the camphene hydrochlo-
ride. The figure shows that it is second order.

The problem of calculating the rate constant
from a given run is essentially that of finding the
slope of the best straight line through the experi-
mental points. One can determine this quan-
tity by the method of least squares, but for runs
with relatively few points there is no better way
than plotting the points and drawing the line by
inspection, determining its slope graphically.
This is the method which we have employed. It

“has the further advantage of providing a visible

check for each run that the kinetic formulation
employed is that which actually gives a straight
line without trend.

The most stringent test of the correctness of
our formulation of the reaction is provided by
the comparison, in Table I, of the values of the
rate constant, referred to camphene hydrochlo-
ride and hydrogen chloride concentrations, ob-
tained from runs with excess camphene, excess
hydrogen chloride, and the purest available
camphene hydrochloride, using in each case the
suitable equation for the interpretation of the
data.

In spite of the benefit which we have gained
from the publication in full of the original data of
Meerwein and van Emster, we are reporting here
only sample data for each type of run, in ac-
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TABLE I
VELOoCITY CONSTANTS IN NITROBENZENE AT 20°, CALcU-
LATED FOR REACTION BETWEEN CAMPHENE HYDROGHLO-
RIDE AND HYDROGEN CHLORIDE

) k Equa-

Initial Excess Excess  (moles/]., tion

Run x camphene HCl1 rs. used
3.9 0.432 — 0.0438 2.69 -
M .396  Small _— 2.28 6
3.5 .189  Small — 2.19 6
3.6 .144 0.548 —_ 2.50 4
3.8 .480 .109 —_— 2.07 3
4.2 .550 .033 (cal.) —_ 2.00 3
4.5 .877 .055 (cal) —_— 2.01 3
5.3 472 .0253 — 2.45 3
5.5 .489 .0479 —_ 2.10 4

5.6 .514 .0856 — 2.08 4
5.7 .625 .1642 — 2.07 4

Run M is the one by Meerwein and van Emster.

cordance with the usual policy of THIS JOURNAL.
The variation in the determined concentrations
of hydrogen chloride is due not to any lack of
sharpness of the titration method, but to the ease
with which hydrogen chloride escapes from solution
during the sealing and opening of the ampoules.

TaBLE 11
RATE oF CONVERSION OF CAMPHENE HYDROCHLORIDE
INTO IsOBORNYL CHLORIDE IN NITROBENZENE SOLUTION
AT 20° IN THE PRESENCE OF 0.0479 MoLE/LITER EXCESS
CAMPHENE (See Fig. 1)
Sample run: Experiment 5.5. A = 0.0226 Mole/Liter
Ce. 0.1 N Cc. 0.1 N X

methylate methylate camphene
consumed consumed by hydro- Y
Time, by the  the camphene chloride free HC1
hours free HC1 hydrochloride moles/liter moles/liter
2.33 — 24.21 0.489 _
9.47 0.56 19.90 .402 0.0119
19.28 .47 15.30 .309 .0095
29.17 .41 12.64 .255 .0083
49.78 .29 8.60 .174 .0059
67.88 .27 6.97 141 .0055
82.90 .23 5.80 .117 .0046
TaBLE III

RATE OF CONVERSION OF CAMPHENE HYDROCHLORIDE INTO
IsoBORNYL CHLORIDE IN NITROBENZENE SOLUTION AT 20°
IN THE PRESENCE OF ExcEss HYDROGEN CHLORIDE

Experiment 3.9
Cc. 0.1 N Ce. 0.1 N
methylate methylate
consumed consumed by Camphene
Time, by the the camphene hydrochloride  Free HCl
hours free HCl hydrochloride moles/liter moles/liter
0.5 2.35 21.34 0.4324 0.0476
1.0 2.83 20.02 .4057 .0574
3.0 2.48 16.07 . 3256 .0503
5.5 2.34 10.65 .2158 .0474
7.0 2.11 9.57 .1939 .0428
8.5 2.19 7.79 .1579 .0444
10.5 1.75 6.73 .1364 .0355
12.5 1.63 5.62 .1139 .0330
15.0 1.77 4.45 .0902 .0359
Average .0438
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TABLE IV
RATE OF CONVERSION OF CAMPHENE HYDROCHLORIDE INTO
Is0oBORNYL CHLORIDE IN NITROBENZENE SOLUTION AT 20°
IN THE PRESENCE OF A SMALL ExcEss oF CAMPHENE
Experiment 5.3. Excess camphene 0.0253 mole/liter

Ce. 0.1 N
methylate
Ce. 0.1 N consumed
methylate by the Camphene Value of
consumed camphene hydro- left-hand
Time, by the hydro- chloride Free HCl member of
hours free HCl chloride moles/liter moles/liter Eq. 3
2.05 - 23.38  0.472 — 85.5
9.18 0.70 17.50 .353 0.0141 = 102.2
19.00 .53 12.95 .261 .0107 124.1
28.92 .47 9.66 .195 .0095 149.9
49.5 .39 6.33 .128 .0079 199.3
67.67 .35 4.61 .093 .0071 249.2
82.67 .31 3.96 .080 .0063 278.8
93.83 .23 3.70 .075 0047 294.0
TaBLE V

RATE OF REARRANGEMENT OF OUR PUREST SAMPLE OF
CAMPHENE HYDROCHLORIDE INTO ISOBORNYL CHLORIDE IN
NITROBENZENE SOLUTION AT 20°
(The low value of K. indicates a small excessof camphene.)

Ce. 0.1 N
methylate
Ce. 0.1 N consumed
methylate by the Free Camphene
consumed camphene HCl1 HC1
Time, by the hydro- X Ke X 103
hours free HCl chloride moles/liter moles/liter Y2%/X
0.5 0.78 9.38 0.0158 0.1893 1.3
7.0 .79 8.69 .0159 .1755 1.4
26 .63 5.63 .0128 .1136 1.4
48 .45 3.77 .0091 .0760 1.1
77.5 .49 2.53 .0098 L0511 1.9
Average 1.4

In all experiments the samples analyzed were 4.954 cc.
each. :

For a test of the effect of chloride ion on the
rate of the rearrangement we were obliged to go to
acetone as a solvent, since this solvent dissolves
lithium chloride in amount sufficient for the test.
Figure 3 shows the rates of reaction with and
without 0.02 M lithium chloride. Although
these runs are plotted according to Equation (4),
the reaction appears to be of higher order than
this. This may be due to the fact that over the
long period of duration of the run, acetone is con-
densing with itself under the influence of the hy-

~drogen chloride, and the nature of the solvent is

thus undergoing change. There is also. the pos-
sibility, which we have not investigated, that the
equilibrium between isobornyl chloride and cam-
phene hydrochloride may be more in favor of the
latter in this solvent, so that the reaction cannot
so well be treated as irreversible. The coinci-
dence of the two curves in this case is good evi-
dence that lithium chloride has no appreciable
catalytic influence upon the reaction.
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Fig. 3.—Rate of rearrangement of camphene hydro-
chloride into isobornyl chloride in acetone solution at
20° both in the presence of 0.02 mole/liter of LiCl and
without the presence of LiCl: X = concn. camphene
hydrochloride in moles/liter: O, lithium chloride pres-
ent; O, lithium chloride not present,

For investigating the catalytic effect of o-cresol
on the rearrangement, we chose to use an excess
of camphene, in order that the hydrogen chloride-
catalyzed reaction might be repressed to a mini-
mum. Under these conditions the reaction in
the absence of cresol would be strictly second
order with respect to camphene hydrochloride,
in accordance with Equation (4). The reaction
actually observed in the presence of o-cresol is
faster than this, and is first order over 709,
of the total reaction, as shown in Fig. 4.
From the known values of the rate constants
we calculate that the reaction due to hydro-
gen chloride is less than 59 of the total
reaction observed under these conditions.
The order of the reaction shows (1) that hy-
drogen chloride is not involved in the cresol-
catalyzed rearrangement, and (2) that cresol
is not consumed and is thus a true catalyst.
The velocity constant for reaction between
camphene hydrochloride and cresol is 0.88.
Cresol is thus about one-third as effective a
catalyst for the reaction as hydrogen chloride.

A similar experiment using acetic acid in-
stead of cresol showed that this compound
too has a feeble catalytic activity in the
Wagner—Meerwein rearrangement.
velocity constant here is 0.063. This con-
stant, however, is not directly comparable to that
for cresol, since acetic acid in nitrobenzene solu-
tion exists in the form of double molecules’ in

'(7) Waentig and Pescheck, Z. physik. Chem., 93, 541 (1919).
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Fig. 4.—The rate of rearrangement of
chloride to
20° in the presence of 0.300 mole/liter of excess camphene
The and 0.311 mole/liter of o-cresol: O, —log X; O, 1/X.
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which the acid hydrogen is probably bound up
in the formation of a chelate ring. The small
catalytic activity observed may be that of the
small fraction present as monomeric acetic acid.
This uncertainty does not apply to the case of
cresol.

Summary

1. The rearrangement of pure camphene hy-
drochloride into isobornyl chloride in solution
requires the participation of hydrogen chloride.
Since this hydrogen chloride is in equilibrium with
camphene and camphene hydrochloride, the
reaction rate varies with the camphene hydro-
chloride concent<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>