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A NEW METHOD FOR THE DEGRADATION OF BILE
ACID DERIVATIVES
Sir:

1 wish to report in outline form a promising new
procedure for degrading the characteristic y-sub-
stituted #-valeric acid side chain (I) of the bile
acids and their derivatives in the preparation of
suitable starting materials for steroid hormone
partial syntheses.

The excellent method of Gilman and Nelson!
when applied to the acid chloride of I provides the
phenyl ketone (II) in 70 to 759, yield if diphenyl-
cadmium is used. Bromination of the ketone
yields a mixture of isomeric 23-bromc compounds
(I1I) which upon acetolysis forms the correspond-
ing 23-acetoxy derivatives (IV). The latter, after
hydrolysis to the a-ketols, can be oxidized
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with copper sulfate in aqueous pyridine to the a-
diketone (V) in 65 to 709, over-all yield from the
monoketone. Acetylation of the diketone then
forms the expected enolacetate (VI) which is suit-
able for oxidative cleavage to bisnor-acid deriva-
tives.

Of the many new compounds which have been
characterized in the course of these studies, those
arising as intermediates in the degradation of
cholic acid are typical:

(I1) Cholophenone (nor-cholyl phenyl ketone), m. p
174-176.5°; [a]®p +26°.2 Anal. Caled. for

CHuO,1/;H,0: C, 7543, H, 9.50. Found:

C, 75.35; H, 9.48. ,
Cholophenone triacetate, m. p. 1203-121°; [a]2n

+79°
Cholophenone 2,4-dinitrophenylhydrazone, m. p

221-222.5°
Cholophenone oxime, m. p. 214-217° dec.
23(B)%-Bromo-cholophenone triacetate, m. p. 108.5-
111.5°; [a]®p +95° Anal. Caled. for CgHug-
O;Br-H,0: C,62.51; H,7.43. Found: C, 62.86;

(I11)

H, 7.19. Caled. for Cy$HuO:Br: C, 64.18; H,
7.33. Found: (sintered in vacuo), C, 64.05; H,
7.35.

(IV) 23(a)-Acetoxy-cholophenone triacetate, m. p. 180-
182°; {a]®p —10°. Amnal. Caled. for CysHsOyr
1/,H,0: C, 68.96; H, 807. Found: C, 69.15;
H, 8.08.

(V) bisnor-Cholyl benzoyl ketone triacetate, m. p. 166-
169° (after drying, 161.5-166°): [«]®p -+92°

{1} Gilman and Nelson, Rec. v, chin. 586, H1R 11636}
(2) Rotations measured in chloroform

:3) Carfiguraton tenratively assigned
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Anal. Caled. for CyHyQs: C, 71.02; H, 7.95.
_Found: C, 70.92; H, 7.88.

bisnor-Cholyl benzoyl ketone 7,12-diacetate, m. p.
201-203.5°; {a]®p +80°. Anal. Caled. for
CuHuOr: C, 72.05; H, 8.18. Found: C, 72.16;
H, 8.34.

2-bisnor-Cholyl-3-phenyl-quinoxaline triacetate, m.
p. 217-218.5°,

Work now in progress indicates that the appli-
cation of this degradation scheme to substituted
nor-bile acids will result in the formation of preg-
nane-20-one derivatives in much higher yields
than heretofore obtainable.
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DESTRUCTION OF RIBOFLAVIN IN MILK BY
SUNLIGHT!
Sir:

The phenomenon of photochemical destruction
of riboflavin has been adequately demonstrated
by Gyorgy and coworkers? and Roscoe,? and more
recently by Williams and Cheldelin.* The latter
workers demonstrated that as much as 269, of the
riboflavin of milk was destroyed by light when the
milk was exposed for as short a time as five
minutes at 100°. These findings suggested that
in all probability appreciable amounts of ribo-
flavin would be lost in milk bottled in the standard
type retail glass milk bottle when exposed to sun-
light at ordinary temperatures.

Experiments were conducted from mid-morning
until mid-afternoon on sunny days. Fresh milk
obtained the same day was bottled in pint milk
bottles with the usual type cap and exposed to di-
rect sunlight on an open porch. Riboflavin concen-
trations were determined fluorometrically with the
Coleman electronic photometer (Model 12), using
essentially the technic of Hand® except that 10 cc.

TaBLE I
DESTRUCTION OF RIBOFLAVIN IN MILK BY SUNLIGHT
Original Riboflavin
riboflavin content after
content, 1 hr. exposure, Destruction
Series v/ce. y/ce. 3
1 1.86 1.13 Bit
1.51 0.97 36
I 1.98 1.13 43
2.29 1.40 39
2.29 1.60 30
[T 0.83 0.38 54
1.94 1.30 33
v 2.43 1.65 32
2.60 1.90 27
1.28 0.66 48

(1) Published with the approval of the Director of the North
Carolina Agricultural Experiment Station as Paper No. 182 of the
Journal series.

(2) P. Gyorgy, R. Kuhn and T. Wagner-Jauregg, Naturwissen-
schaft, 31, 560 (1933).

(3) M. H. Roscoe, Biochem. J., 37, 1540 (1933).

(4) R. R. Williams and V. H. Cheldelin, Science, 96, 22 (1942).

Oy T B Hand, fad Ewg Chem. Awal Fd. 110306 (19349),
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of acetone was added to § cc. of well-mixed whole
milk to obtain the filtrate, The results of four
studies conducted on separate days are sum-
marized in Table I. All samples were from
different cows. Atmospheric temperatures at
which the samples were exposed were never less
than 60°F. nor higher than 72°F.

The mean loss of riboflavin in sixty minutes
was 0.69 y. The standard error of this loss based
on the variation in loss from series to series was
0.055 v. Observed losses of riboftavin at exposure
intervals of 30, 90, 120 and 210 minutes were,
respectively, 28, 50, 66 and 72%,.

Control samples of milks used in the study
showed no loss of riboflavin when stored in the
dark at room temperature for twenty-four hours,
nor did any loss occur when they were stored in a
refrigerator for seven days. In order to deter-
mine whether an initial exposure to sunlight would
stimulate a more rapid decrease when samples
were subsequently placed in the dark under re-
frigeration, three samples (1.54 y/cc.) were placed
in the refrigerator after one-half, one, three and
five hours of exposure. After forty-eight hours,
the additional loss which had taken place was
extremely small, averaging 0.016 v, and in no
case exceeding 0.07 v.

It is evident that the destruction of riboflavin
in milk by sunlight proceeds at a very rapid rate,
even at ordinary temperatures.

DEPARTMENT OF ANIMAL INDUSTRY WALTER J. PETERSON
NorTH CAROLINA STATE COLLEGE F. M. Haic
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THE LINKAGE OF CORPUSCULAR PROTEIN
MOLECULES. 1. A FIBROUS
MODIFICATION OF INSULIN

Sir:

When 1.5 to 2.09, solutions of insulin hydro-
chloride (Lilly, amorphous) at pH 2.0 to 2.5 are
heated for thirty minutes at 100°, thixotropic gels
are formed which exhibit static double refrac-
tion.! Dilution to 0.5% produces a viscous solu-
tion showing intense flow double refraction.

Electron micrographs of this material reveal the
presence of uniform fibrils several microns in
length, having uniform widths of approximately
200 A. (an asymmetry well above 100).

Insulin gels, containing 2% protein, have been
frozen and thawed many times in a solid carbon
dioxide—alcohol mixture. During this treatment
the viscosity gradually decreases to low values.

(1) 1. Langmuir and D. F. Waugh, Tris JournNaL, 62, 2771

(1940).
(2) D.F. Waugh, Am. Jour. Phys., 188, p. 484 (1941),
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Flow double refraction replaces static double re-
fraction and after 10 cycles even the former de-
creases greatly in magnitude. A second heat
treatment produces a thixotropic gel showing
static double refraction. This indicates that seg-
ments of fibrils produced by the freezing-thawing
treatment unite in a directional manmner.

After standing for twenty-four to forty-eight
hours at pH 11.0-11.5 and 0°, a dispersion of insu-
lin fibrils loses its characteristic double refraction
and viscosity. The solution thus produced re-
sembles an equivalent solution of native insulin
so far.as the methods mentioned have demon-
strated.® Protein may be recovered after such a
“reversal”’ and dissolved to form a 29, solution
at pH 2.0. Heat treatment again produces a
thixotropic gel showing static double refraction.
This cycle has been repeated several times.

Prolonged heating of insulin in acid solution or
at reactions well below pH 2.0 produces sphaero-
crystalline aggregations of insulin fibrils termed
the ‘‘heat precipitate of insulin’’ by du Vigneaud,
Geiling and Eddy.* These authors have shown
that this material, dissolved in dilute alkali and
immediately acidified, exhibits 809, of the
biological activity of the original insulin. Since
the heat precipitate of insulin is now shown to
consist of aggregations of insulin fibrils, it is con-
sidered that insulin fibrils show such activity after
reversal by alkali whether or not they have
formed the ‘“‘heat precipitate.”

Insulin fibrils are considered to be constructed
of corpuscular molecules which have been de-
formed only slightly in the process. Jensen® has
suggested that the insulin molecules present in the
heat precipitate are linked by covalent bonds.
Unpublished chemical evidence shows that insulin
fibrils may be formed after the sulfur has been
split off by alkali and after ammonia has been
liberated by heat. This type of evidence indi-
cates that fibril formation may take place after
the removal of those groupings which are expected
to take part in covalent bond formation. There-
fore it is proposed that insulin. molecules are
linked mainly through the secondary wvalence
forces resulting from the approximation of non-
polar side chains. Two surface concentrations of
these chains on opposite portions of the insulin
molecule would accouut for the bifunctional nature
exhibited in fiber formation.
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(3) More refined methods are being applied.

(4) Vincent du Vigneaud, E. M. K. Geiling and C. A. Eddy,
J. Pharm. Exp. Therapy, 38, 497 (1928).

(5) H. Jensen, Science, 15, 614 (1932).



