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a rate as to keep the pH in the range 6.5-6.8. Evaporating
the resulting solution to dryness, washing with 5-10 ml. of
water to remove sodium chloride, and recrystallizing twice
from benzene gave 3 g. (32%) of IV melting at 109-110°
(lit.2 110°).

Anal. Caled. for C.H,CINO: C, 25.6; H, 4.3; N, 15.0;
Avail, Cl, 75.9. Found: C, 25.7; H, 4.3; N, 15.6; Avail. C},
75.0.

Chlorination in the pH range 7-8.5 did not produce any
material containing available chlorine. Chlorination at a pH
of 5 caused a yellow oil to separate. The oil was destroyed by
the addition of excess sodium hydroxide solution and was
not studied further.

Chlorination of barbituric acid with pH control. Barbituric
acid (2.6 g., 0.02 mol.) suspended in water (200 ml.) was
treated with chlorine (4 g.) over a 1-hr. period while either
N sodium hydroxide or sodium bicarbonate was added at
such a rate as to keep the pH in the range 5.9-6.1. The re-
sulting solution was evaporated in vacuo to about 5 ml.
and filtered to remove a small amount of solid. The solid
(1 g., m.p. 149-151°) was recrystallized from water to give
white, crystalline «,a-dichloroacetylurea (X) (0.6 g.) melt-
ing at 155-156°. The lit.?2 reports X to melt at 151°.

Anal. Caled. for C;H,CLLN:O;: C, 21.0; H, 2.6; N, 16.4;
M.W. 171. Found: C, 21.1; H, 2.3; N, 16.4; M.W. 175.

The infrared spectrum was identical with that of an
authentic sample of X.

Evaporation of the original aqueous filtrate gave a mix-
ture of sodium chloride and some tacky white solid. The
mixture contained 10-119% available chlorine but attempts
to isolate a discrete compound containing available chlorine
by extraction with a variety of solvents were unsuccessful.
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The ability to transform steroids in submerged
culture is very widespread in the world of micro-
organisms. Bacteria, yeast, actinomycetes, fila-
mentous fungi, and protozoa have been reported
to perform various types of reactions without ap-
parent taxonomic limitations.!

It became of interest to us to study the activities
of some higher plants in this regard. We have now
found that alfalfa seedlings (Medicago sativa)
grown in shake culture will bring about the reduc-
tion of the 20-keto group in prednisone to the 20a-
hydroxyl group, yielding thereby 1,4-pregnadiene-
172,20@,21-triol-3,11-dione. The product was
characterized by conversion to its 20,21-diacetate,
which was compared and found identical with an

(1) E. Vischer and A. Wettstein, Advances in Enzymol.,
XX, 237 (1958); 8. C. Beesch and Fred W. Tanner, Jr,
Ind. Eng. Chem., 50, 1341 (1958); A. Wettstein, Experientia,
XI, No. 12, 465 (1955).

(2) F. Carvajal, O. F. Vitale, M. J. Gentles, H. I.. Herzog,
and E. B, Hershberg, J. Org. Chem., 24, 695 (1959).
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The conversion does not occur unless the seed-
lings are growing. Attempted transformation with
seedlings killed by autoclaving with 15-1b. steam at
121° for 15 minutes effected no change in the ster-
oidal substrate. In an experiment in which the
alfalfa seedlings were disrupted in a Waring
Blendor prior to the addition of prednisone, ex-
traction and chromatography revealed what ap-
peared to be only a trace of product; the starting
material appeared essentially undiminished.

Reduction of the 20-carbonyl group to the cor-
responding 20o-hydroxyl group is found infre-
quently outside mammalian systems. Only two
such conversions have been reported with micro-
organisms, one incidental to a more complex Wag-
ner-Meerwein rearrangement with an unidentified
veast,® employing 16«,17a-oxidoprogesterone as
substrate, and the other with the yeast Rhodotorula
longissima,? wherein reduction at 20~ was the only
identified transformation with Reichstein’s Com-
pound S, cortisone and prednisone as substrates.

EXPERIMENTAL

Two-gram quantities of alfalfa seed (Medicago sativa) were
surface sterilized by immersing for 30 min. in 100 ml. of a
19, solution of sodium hypochlorite. The sodium hypo-
chlorite solution was decanted and the seeds were rinsed 3
times with 100-ml. aliquots of sterile water. After the final
rinse, the seeds were resuspended in 100 ml. of sterile tap
water in 300-ml. Erlenmeyer flasks and placed on a reciprocal
shaker operating at one hundred 1.5-in, strokes per min.
Four 75-watt frosted bulbs were used as a constant light
source. Temperature was maintaired at 28°.

After 96 hr., when the seedlings generally had attained a
length of 10 to 20 mm., 10 mg. of prednisone dissolved in 1
ml. of dimethylformamide was added to each flask. Directly
before the addition of the steroid, a sample of the water in
the flasks was taken and checked microscopically or added
to sterile broth as a sterility control. Ninety-six hr. after
addition of the steroid the aqueous contents of the flasks
were decanted and extracted with chloroform in order to
recover the steroid.

By paper chromatography in the Shull system? it was
estimated that at the 10-mg. level all but a very small
amount of the starting material was converted to the
product.

The combined extracts of a series of flasks from the 96-hr.
run were chromatographed over 10 g. of Florisil and eluted
with methylene chloride and methylene chloride-methanol
mixtures. Unreacted prednisone was eluted with 19, meth-
anol-in-methylene chloride. A series of semisolid fractions
from 39, and 49, methanol-in-methylene chloride were free
of prednisone as shown by paper chromatographyv in Shull’s
system* and consisted predominantly of a single, ultra-
violet-absorbing, TPTZ-negative product with a migration
rate the same as 1,4-pregnadiene-17 «,20«,21-triol-3,11-dione.
These fractions were pooled and acetylated with 1 ml. of
acetic anhydride in 1 ml. of pyridine overnight. Water pre-~
cipitation afforded 20 mg. of 1,4-pregnadiene-17«,20x,21-
triol-3,11-dione 20,21-diacetate, m.p. 245-249°, the infrared
spectrum of which was identical with that of an authentic
sample.? :

(3) B. Camerino and A. Vercellone, Gazz. chim. ital., 86,
260 (1956).

(4) G. M. Shull, Abstracts of Papers, 126th Meeting of
the American Chemical Society, September 1954, New
York, p. 9A.
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When 8 mg. of starting material were added, the trans-
formation appeared to go to completion in the 96-hr. period.
Chromatographic analysis of a 17-day aliquot indicated
that the transformation at the 10-mg. level had gone to
completion and that further changes had not occurred.
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In the metabolism of adrenocortical hormones
reduction of the Cyp-ketone to a 20a- and (or) 203-
ol is frequently encountered.!—® After administra-
tion of prednisone or prednisolone to humans, the
20-dihydro derivatives (A!-Reichstein’s Substance
U and E) appear to be important metabolites.6—8
In addition A-ring reduced compounds may be pro-
duced.?

We have been interested in the synthesis of these
17,20,21-triols because of their metabolic significance
and because of their glycogen deposition proper-
ties.® 10 Like Szpilfogel and co~workers we also had
found the 208-ols to have glucocorticord activity.
For this reason we undertook the synthesis of a
200-0l such as 1,4-pregnadiene-17«,20a,21-triol-3,-
11-dione, which was suggested to be one of the
urinary metabolites isolated after administration of
prednisone to humans.’

Selective reduction of prednisone with sodium
borohydride®!! yielded Al-Reichstein’s U 21-
monoacetate (Ia). The general method of Fuku-
shima et al.'? was used to invert the configuration

(*) Present address: Dept. of Chemistry, Southern Illinois
Univ., Carbondale, I1l.
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at Cy from §8 to « as follows: mesylation gave the
20-mesylate  (Ib); acid-catalyzed acetylation
formed the 17,21-diacetate-20-mesylate (Ic); in-
ternal displacement of the 20-mesylate by the 17-
acetate function with inversion at Cy yielded a 20,-
21-diacetate in the 20a-series (IIa); alkaline hy-
drolysis of the acetate groups afforded 1,4-pregna-
diene-17¢,20e,21~triol-3,11-dione (IIb).

('JHQORa ‘CHZORa
R,0C-H H-C—-OR,
o -OR, o] 2--OR,
0 0]
]'a,. Rl = IIa R1 =
bRi1= H, R:; = CHgCO H, Rz == Rrs = CHBCO

. 1 b. R1 =

Hi{R‘? =C HsSOz, R3 = CHsCO R2 = R,g = H
c. =

R, = CH;00, R; = CH,SO,

An attempt to apply this method to the prep-
aration of the 118-hydroxy analog of IIb failed due
to acetylation of the 11-hydroxyl group during the
acid-catalyzed Cir-acetylation stage. We were not
able to remove this 1l-acetate even with sodium
methoxide.

In contrast to the reported® glucocorticoid ac-
tivity of the corresponding 208-ol, compound IIb
was inactive in the liver glycogen test.!?

EXPERIMENTAL

1,4-Pregnadiene-17«,208,21-triol-3,11-dione-20-mesylate-
21-acetate (Ib). One gram of 1,4-pregnadiene-17«,208,21-tri-
ol-3,11-dione-21-acetate (Ia)® was dissolved in 3.0 ml. of
pyridine and cooled in an ice bath. To this solution was
added 1.5 ml. of methanesulfonyl chloride. After standing
at room temperature for 2 hr. the reaction mixture was
poured into water. The resultant solid was filtered and re-
crystallized from methanol to give 920 mg. of the desired
20-mesylate (Ib), m.p. 173-178° (dec.).

Anal. Caled. for CoH»0sS: C, 59.99; H, 6.71. Found:

C, 60.52; H, 6.61.

1,4-Pregnadiene-17«,208,21-triol-3,11-dione-20-mesylate-
17,21-diacetate (Ic). To 920 mg. of the mesylate (Ib) was
added 16 ml. of acetic acid, 8 ml. of acetic anhydride, and
160 mg. of p-toluenesulfonic acid, After standing at room
temperature for 3 days the mixture was poured into ice and
water which contained 1.0 ml. of pyridine. It was then ex-
tracted 4 times with ethyl acetate, washed with 5% hydro-
chloric acid, water, and saturated sodium bicarbonate solu-
tion. The extract was dried and evaporaged under reduced
pressure to yield 1.06 g. of an oil (Ic¢) suitable for the next
step.

1,4~-Pregnadiene-17 a,20,21-tri0l-3,11-dione-20,21-diace-
tate (11a). To 1.0 g. of I¢c above, 150 ml. of 969 acetic acid,
and 7.5 ml. of acetic anhydride was added 15 g. of potas-
sium acetate. This reaction mixture was heated under re-
flux for 3 hr. and then poured into ice water containing 1
ml. of pyridine. This was extracted thrice with ethyl ace-

(13) Determined by C. C. Porter of the Merck Institute
for Therapeutic Research.

(14) Melting points were determined on a Kofler hot
stage. Rotations were determined at approximately 1%
concentration.



