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which agrees with that reported by Ruzicka and Wett-
stein.?

AS-Androstene-3,17-dibenzoate.—The dibeuzoate was
prepared by lieating on the water-bath a mixture of
Ab-androstene-3,17-diol, benzoyl chloride and pyridine.
The crude dibenzoate was recrystallized from methanol;
m. p. 203-205°.

Anal. Caled. for CyuHyO4: C, 79.5; H, 7.6. Found:
C,79.3; H,7.8.

Dehydrogenation of AS-Androstene-3,17-diacetate with
Benzoquinone.—A mixture of 0.3 g. of the diacetate and
0.004 g. of benzoquinone was heated 111 a sealed evacnated
tube at 130° for three hours. The product from this reac-
tion was dissolved in ether and the solution thoroughly
shaken with a 209, solution of sodiiun hydrosulfite, then
extracted several times with a 109, sodium hydroxide
solution, dried, and the ether removed. The slightly dis-
colored residuc was purified from nicthanol and a product
was obtained the spectruim of which showed a single band
with 4 maximuin at 288 mu having a molecular extinction
coeflicient of 1116, AB-Androstene-3,17-diacctate ex-
liibited 110 selective absorption iu this region. A compari-
sonn of the extinction coelflicient with that of ergosterol
(10,600 at 282 my) indicated that the material contained
the desired dehydrogenated product to the extent of about
10%,.

Irradiation of A%7-Androstadiene-3,17-diol.—A samnple
of the partially dehiydrogenated diacetate was liydrolyzed
withh methyl aleoholic potash and the non-saponifiable
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diol irradiated in ether for four hours using a quartz-
mercury lamp. The product was tlien assayed biologically
by Professor R. S. Harris who reported no activity at a
level of 10,500 U. S. P. XI vitamin D units per gram.
Almost a year after these experiinents were performed,
Dimroth and Paland?® reported similar biological results
with this substance made by a different procediire.

The authors wish to express their appreciation
for a generous sample of dehydroandrosterone
supplied to one of us (N. A. M.) by the Schering
Corporaticn through the courtesy of Dr. Erwin
Schwenk.

Summary

1. AS-Androstenol-3(cis 3:10) and its acctate
and benzoate were prepared in the pure state.

2. The partial dchydrogenation of Ad-andro-
stenol-3-benzoate and  Af-androstene-3,17-di-
acetate with benzoquinone has been studied.
The irradiated dehydrogenation products were
devoid of antirachitic action when tested at
levels of 4000 and 10,500 U. S. P. XI vitamin D
units per gram, respectively.

CAMBRIDGE, MASSACHUSETTS
REeCEIVED NOVEMBER 30, 1945

[CONTRIBUTION FROM THE ARMOUR LABORATORIES]

The Ultraviolet Absorption Spectra of Allyl and Propenyl Substituted Derivatives of
Diethylstilbestrol and Hexestrol

By EMiL Ka1seEr anND VirciL L. KoENIG

In a previous communication! the preparation
of 3,3’-allyl and 3,3’-propenyl diethylstilbestrol
and hexestrol are described. The 3,3’-allyl sub-
stituted derivatives were rearranged by heating
in alkaline solution to compounds which were
assumed  to be 3,3-propenyl  derivatives  in
analogy to reactions reported in the literature.?

Obviously, the reaction deseribed by Balbiano®
for the differentiation between allyl and propenyl
groups cannot be applied here inasmuch as the
large number of double bonds would introduce
coniplications. For this reason it was decided to
examine the ultraviolet absorption spectra of
these compounds. An important difference in
the structure of the 3,3’-allyl and 3,3’-propenyl
derivatives under discussinn here resides in the
position of the double bonds of the side chains.
In the propenyl compounds the double bonds are
in a conjugated position to the double bonds of
the aromnatic nuclei; in the allyl derivatives the
double bonds are not conjugated. Since the pres-
ence of the double bonds is shown by the shape of
the ultraviolet absorption curves of organic com-
pounds, it was thought possible to demonstrate
the shifting of the double bonds by comparing the

(1) Kaiser aud Svarz, 'Tu1s Journaw, 68, 636 (1946).

(2) “'Organic Reactions,” Vol. 11, jolhin Wiley amd Sous, Ine.,

New VYork, N, V., 1044, p. 19.
(3) Bulbiuno, Ber., 48, 394 (1915).

absorption spectra of 3,3’-allyl derivatives of
diethylstilbestrol and hexestrol with the absorp-
tion spectra of 3,3’-propenyl! derivatives of di-
ethylstilbestrol and hexestrol.

Acknowledgment.—The authors are indebted
to Professor F. C. Koch for his helpful criticisin
of the manuscript and for his eucouragement
during the work.

Experimental

The nltraviolet absorption curves of the following coin-
pounds were deterniined: diethylstilbestrol, diallyl ether
of diethylstilbestrol, 3,3’-allyl diethylstilbestrol, 3,3'-
propenyl diethylstilbestrol and hexestrol, hexestrol di-
allyl ether, 3,3’-allylhexestrol and 3,3’-propenylhexestrol.
The diethylstilbestrol and hexestrol were recrystallized
from commercial preparations. The other compounds
were prepared according to a previous conununication.t
Acctone-free absolute niethanol, distilled from alkali, was
used as solvent. The coucentration of tlie solutions was
0.005%.

The measurcinents were mmade on a Beckinan spectro-
photometer using thc hydrogen discliarge tube as the
source of light. Transmittance values were determiined
at 10 millimmicron increments from wave length 220 milli-
microns to 400 millimicrons. Extinction values were
obtained from the transmission values and, from these,
molecular extinctions were calculated and used for plotting
the graphs.

Discussion

In Fig. 1 the absorption spectra of diethylstil-
bestrol, diallyl ecther of diethylstilbestrol, 3,3’-
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Fig. 1.—0O, diethylstilbestrol;
©, 3,3’-allyldiethylstilbestrol;
stilbestrol.

®, diethylallyl ether;
@, 3,3’-propenyldiethyl-

allyldiethylstilbestrol and 3,3’-propenyldiethy!-
stilbestrol are shown. The diethylstilbestrol
absorption curve was very similar to the absorp-
tion curves reported for this compound by El-
vidge,* Kharasch and Kleiman® and by Solmsson.®
The maximum of the absorption curve was close
to 250 millimicrons, a value somewhat different
from Elvidge, who found the maximum close to
240 millimicrons. The highly purified diethyl-
stilbestrol of Kharasch and Kleiman® has a maxi-
mum close to 250 millimicrons in accordance with
our measurements. The inflection at 280 milli-
microns, pointed out by Solmsson,® is shown in
Fig. 1. The absorption curve of the diallyl ether
of diethylstilbestrol shows a maximum in the
region of 240-250 millimicrons and has no inflec-
tion at 280 millimicrons. Another ether of di-
ethylstilbestrol, the dimethyl ether, has an in-
flection at 280 millimicrons in the absorption
curve’ The maximum of the curve of the 3,3’-
allyldiethylstilbestrol was very close to the maxi-
mum of the diethylstilbestrol curve and the in-
clination at 280 millimicrons was very marked.
An entirely different picture is presented by the
absorption curve of 3,3’-propenyldiethylstilbes-
trol. The absorption of light is greater than in the
case of diethylstilbestrol and its allyl derivatives.
(4) Elvidge, Quort. J. Pharm, Pharmacol., 13, 347 (1937).

(5} Kharasch and Kleiman, Turs JOUurNAL, 66, 11 (1948).
(6) Solmsson, 1bid., 68, 2370 (1943).
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A magximum of the absorption is observed close to
250 millimicrons, then a drop in the absorption
occurs until a wave length of about 280 milli-
microns. There instead of an inflection of the
curve the light absorption increases again until a
maximum is reached at 310 millimnicrons. The
presence of conjugated double bonds in the mole-
cule shows up very definitely by this particular
peak of the absorption curve.

The difference between the light absorption of
the allyl and propenyl compounds is even more
pronounced in the hexestrol series, Fig. 2. The
maxima of absorption of hexestrol, hexestrol di-
allyl ether and 3,3’-allylhexestrol are all close to
230 millimicrons and 280 millimicrons, in good
agreement with the values for hexestrol reported
by Elvidge! and by Goetze and Serf.” The ab-
sorption curve of 3,3'-propenylhexestrol, how-
ever, had maxima at 250 and 310 millimicrons.
The maxima are at the same wave lengths as the
absorption maxima of 3,3’-propenyldiethylstil-
bestrol and seem to be characteristic for the con-
jugated double bonds of 3,3’-propenyldiethylstil-
bestrol and hexestrol.

20,000 e

_ I
15,000 f ]

10,000

Molecular extinction coefficient

5,000

280 340
Wave length in mu.

220

Fig. 2.—0, hexestrol; @, hexestrol allyl c¢ther; ©, 3,3'-
allylhexestrol; @. 3,3’-propenylliexestrol.

Summary

Ultraviolet absorption curves are reported for
diethylstilbestrol, diethylstilbestrol diallyl ether,
3,3 -allyldiethylstilbestrol, 3,3’-propenyldiethyl-
stilbestrol, hexestrol, hexestrol diallyl ether, 3,3’-
allylhexestrol and 3,3’-propenylhexestrol. The
shifting of the double bonds from the allyl to the

(7) Goetze and Serf, J. Am. Pharm, Assoc., XXX1V, 209 (1047).
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propenyl grouping is accompanied by a shift of
the absorption maxima in the ultraviolet. The
absorption maxima of 3,3’-propenyldiethylstil-
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bestrol and of 3,3’-propenythexestrol are at identi-
cal wave lengths.

CHICAGO, ILLINOIS RECEIVED JANUARY 5, 1946

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, NORTHWESTERN UNIVERSITY MEDICAL SCHOOL]

Osmotic Pressure of g-Lactoglobulin Solutions

By Henry B. BurL aNnp ByroN T. CURRIE!

A number of values for the molecular weight
of B-lactoglobulin from cow’s milk have been re-
ported. There is, however, a disconcerting lack of
agreement between these values as is shown in
Table 1.

TaBLE I

MOLECULAR WEIGHT OF $-LACTOGLOBULIN AS REPORTED
BY VARIOUS WORKERS

Molecular
weight Workers

38,000 Pedersen®

Method
Ultracentrifuge (equilibrium)
and diffusion
Ultracentrifuge (rate sedi-

mentation) 41,500 Pedersen?®
X-Ray (wet crystals) 33,000 Crowfoot®
McMeekinand Warner®
X-Ray (air dried crystals) 35,000 Crowfoot?
McMeekin and Warner®
Chemical analysis | mini- 42,000 Brand and Kasseld
Chemical analysis ¢ mum 42,000 Chibnall®
Chemical analysis } (m. w.) 42,020 Brand ef al.f
Osmotic pressure 38,000 Gutfreund?
Film pressure 2 X 17,100 Bullh
Light scattering 35,000 Heller and Klevens®
Osmotic pressure 35,020 Bulland Currie

e Pedersen, Biochem. J., 30, 961 (1936). P Crowfoot,
Chem. Rev., 28, 215 (1941). ° McMeekin and Warner,
THIS JOURNAL, 64, 2393 (1942). 4 Brand and Kassel,
J. Biol. Chem., 145, 365 (1942). ¢ Chibnall, Proc. Roy.
Soc. London, B131, 136 (1942). / Brand, Saidel, Gold-
water, Kassell and Ryan, THIS JOURNAL, 67, 1524 (1945).
¢ Gutfreund, Nature, 155, 237 (1945). * Bull, THis JoUR-
NAL, 68, 745 (1946); ° Heller and Klevens, private com-
munication.

The present paper reports the result of 20
osmotic pressure measurements on solutions of 3-
lactoglobulin along with the calculation of the
molecular weight of this protein.

Experimental

The osmotic pressure apparatus was a modification of
that described by Bull.? This modification is diagrammed
in Fig. 1. The capillary tube had an inner diameter of
0.2 mm. and was furnished by Corning Glass Works.
About 5 cc. of the outside solutipn (solutionn whose com-
position was identical with that of the protein solution
except for the absence of protein) was placed in the bot-
tom of the apparatus. Toluene was added from the top
of the clean, dry capillary and forced down tlie capillary
with gentle air pressure. Suction was then applied to the
capillary to remove the trapped air. The apparatus was
then filled with outside solution. The sack which con-
tained the protein solution was made from Visking sansage
casing whose flat width was 1.5 cm. and was supplied

(1) On leave of absence from the Corn Products Refining Coni-
pany.
(2) Bull. J, Biol. Chem.. 137, 143 (1011}

through the courtesy of Dr. C. J. B. Thor. The moist
casing was securely knotted at one end and the other end
was slipped over a rubber stopper which had been trimmed
to size, and attached to the end of the tube which was to
contain the protein. The stopper had been previously
coated with stopcock grease. The end of the sack which
had been slipped over the rubber stopper was wrapped
tightly with a rubber band to complete the attachment to
the rubber stopper. The sack was then filled with protcin
solution through the larger glass tube to which was at-
tached a second, larger rubber stopper wlhich was coated
with stopcock grease. The apparatus was then as-
sembled as shown in Fig. 1. The larger rubber stopper
was held in place by a metal clamp which is not shown in
Fig. 1. Small one-hole rubber stoppers werc placed in the
tubes containing the outside solution and the protein solu-
tion. Their purpose was to decrease the evaporation of
these solutions during an experiment.

The whole apparatus was clamped in a fixed position
in a coustant temperature bath at 23°. The stopcock
was allowed to remain open until the apparatus had come
to tewmperature, The position of thie toluene level in the
capillary was marked by appropriate incaus and the stop
cock was closed. The toluene meniscus iinmediately be-
gan to rise or fall depending on whether the hydrostatic
pressure was greater or less than the osmotic pressure.
Protcei: solution was added to or removed from tlie protein
solution colimn to bring the toluene meniscus to its original
level. Adjustiment of the protein solution level was mnade
from time to time as needed. The toluene column thus
acted essentially as an indicator and in the ideal case there
is no net motion of liquid across the sausage casing mem-
brane. Usually, no further adjustment of the protein
solution column was necessary after about two hours. In
all cases, however, the experiment was allowed to continue
overnight. At the end of this tiine, the position of the
toluene colunin had usually shifted one or two mun.  The
drift of the toluene level was multinticd by the density of
toluene and applied as a correction to the osmotic pressure.
The difference in level between the outside solution and
the protein solution was measured with a cathetomneter.
This difference in level when multiplied by the density of
the protein solution gave, after applying the correction due
to the small excursion of the tolucite colunmin, the osmotic
pressture of the protein solution 1 . -a1.inteters of water.

The B-lactoglobulinn was prepared by a modification of a
method suggested in a private communication by Dr. A.
H. Palmer. Raw whole milk was bronght to 509, satura-
tion with ammmonimm sulfate. ‘The solution was filtered
and the filtrate bronght to 809 saturation with ammo-
niuin sulfate. A small amonnt of water along with soinc
toluene was added to thc precipitate. The precipitate
was transferred to sausage casing and dialyzed agaiust fre-
quent changes of ristilled water at 5° for four or five days.
The protein solution was thu removed from the sausage
casing and any estraneous solid matcerial filtered off. The
filtrate was acjusted to pH 5.1 by thie cautious addition of
dilutec hydrochloric acid. The turbid solution was then
dialyzed against distilica water and the dialysis continued
unttil no further separation of the “oily” phase took place.
The protein was then crysialtized as deseribed by Palmer.?

(3) LIalwmer, ib1d., 104, 33 (1934).



