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by a Friedel-Crafts reaction with acetyl chloride according
to the procedure of Campbell and Todd!4; yield 11.7 g.
(57%); m.p. 96-97° (lit. m.p. 99.5-100°)!¢ (Caled. for
CaoHp0: C, 86.92; H, 7.29. Found: C, 86.63; H, 7.50);
picrate derivative, m.p. 144.5-145° (lit. m.p. 142-143°).22
A 1.20-g. sample of 3-acetylretene semicarbazone was pre-
pared, m.p. 246-247.5° (lit. m.p. 248.5-249.5°)%2 (Calcd.
for CoHaN;O: C, 75.65; H, 6.95; N, 12.60. Found:
C,75.32; H,6.78; N, 12.68), and then reduced by a Wolff—-
Kishner reaction according to Bogert and Hasselstrom’s
direction?? to give 0.72 g. (769, yield) of product. This was
converted to 3-ethylretene picrate (960 mg.), m.p. 150.5-
151° (lit. m.p. 148-149°)22 half of which was then chromato-
graphed through an alumina column with benzene to give
3-et)hylretene (240 mg.), m.p. 51.0-52.0° (lit. m.p. 54—
'5° .22

Anal. Caled. for CyoHas:
C, 90.88; H, 8.93.

The trinitrobenzene derivative of 3-ethylretene was also
prepared; m.p. 1656-166°.

B. From 12a-Hydroxy-3-oxo-138-methyl-12-nor-118,14«-
abietan-15-oic Lactone (Xa).—A solution consisting of 3.18
g. (0.01 mole) of Xa and 100 cc. of benzene was allowed to
react at room temperature for 24 hours with a stirring Grig-
nard solution which was made from 0.97 g. (0.04 mole) of
magnesium, 10.2 g. (0.04 mole) of ethyl iodide and 100 cc.
of ether. After the Grignard reaction mixture was decom-
posed with a 259, ammonium chloride solution (200 cc.),
the organic layer was separated, washed with water and
dried; evaporation yielded 3.45 g. of an oil. This oil was
then mixed with an equal amount of 5% palladium-on-
carbon and heated in a Heymann dehydrogenation appara-
tus??® with a stream of nitrogen flowing over the reacting
mixture for eight hours at 320-330°. An ether extraction
of the dehydrogenated material yielded after evaporation

C, 91.55; H, 8.45. Found:

(22) M. T. Bogert and T. Hasselstrom, THis Journar, 83, 34uvs
(1931).

(23) L. F. Fieser, "Experiments in Organic Chemistry,” 2nd Ed.,
D. C. Heath and Co., New York, N. Y., 1951, p. 461,
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1.89 g. of an oil which slowly crystallized upon standing.
A chromatographic separation of this product through a
silica gel column with petroleum ether gave 0.20 g. of a non-
fluorescent (to ultraviolet light) oily fraction and 1.12 g. of
a fluorescent crystalline fraction. This latter mater1a1
was then fractionally recrystallized from saturated picric
acid ethanol solutions to yield 210 mg. of retene picrate?
and 240 mg. of 3-ethylretene picrate, m.p. 150.5-151°.
Half of this latter picrate was chromatographed through an
alumina column with benzene to give 3-ethylretene (56 mg. ),
m.p. 51-52°. The trinitrobenzene derivative of this 3-
ethylretene was also prepared; m.p. 161-162°.

The infrared spectra of the 3-ethylretenes obtained in A
and B were indistinguishable, An X-ray diffraction pat-
tern comparison of the 3-ethylretene picrates obtained in
A and B proved their identicalness. Melting points of mix-
tures of the 3-ethylretene plcrates, of the 3-ethy1retenes,
and of the trinitrobenzene derivatives obtained in A and in
B were not depressed below their individual melting points.

Reduction of Xa to the Lactone.—A solution consisting of
200 mg. of Xa and 10 cc. of glacial acetic acid was treated
with 1.0 cc. of boron trifluoride etherate and 0.5 cc. of
ethanedithiol. The ethylene dithioketal product Xb pre-
cipitated almost immediately, and after a few minutes was
filtered off (240 mg.) and recrystallized twice from ethanol;
yield 190 mg., m.p. 289-291°, A°>? 5.62 u (Nujol).

max
Anal. Caled. for CgpHi0,S,: C, 66.95; H, 8.68.

Found: C, 67.04; H, 8.71.

Desulfurization was accomplished by refluxing 100 mg.
of this dithioketal with 4 g. of freshly prepared Raney nickel
for five hours in ethanol. Removal of catalyst and evapora-
tion of solvent yielded 80 mg. of crystalline inaterial, which
exhibited the characteristic X-ray diffraction pattern of the
original lactone and showed no depressmn in m.p. when
mixed with an authentic sample of the original lactone.

(24) Identified by X-ray diffraction comparison with an authentic
sample,
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Steroidal Sapogenins. XVI.

Hydrolysis of 5a-22a-Spirostane Glycosides by Fungal

Saponases!-®

By MERLE M. KRIDER, THEONE C. CORDON AND MONROE E. WaLL
RECEIVED JANUARY 30, 1954

Certain microdrganismis, especlally those of the genera Aspergilius and Penicillium, when grown in a medium containing
steroidal sapomns with 5,22a-spirostane aglycones adaptatively produce enzymes which cleave the saponins to sapogenins.
The sapogenins thus obtained are identical with those secured as a result of cleavage of saponases from higher plants or by

hydrochloric acid.

In a preceding paper?® we reported that saponins
with 5a,22a-spirostane aglycones can be split by
saponases from higher plants into the component
steroids and sugars. The present communication
deals with the hydrolysis of similar steroidal glyco-
sides by fungal saponases.

Stoll and co-workers® have shown that enzyme
preparations from numerous fungi can cleave the
carbohydrate-steroid linkage of certain cardiac
glycosides. Similar enzyme preparations had no
effect on 5a,22a-spirostane glycosides. We noted,
however, that a purified saponin substrate con-
taminated by an actively growing mold was cleaved

(1) Paper XV, M, E, Wall, ¢¢ al., AIC 367, in press.

(2) Presented in part at the Philadelphia Meeting-in-Miniature of
the American Chemical Society, January 29, 1853. Article not copy-
righted.

(3) M. M, Krider and M, E. Wall, Turs JoUrRNAL, 76, 2038 (1854).
(4) A.Stoll, J. Renz and A, Brack, Helv. Chim, Acia, 34, 397 (1951).

to the steroidal sapogenin. As a result of this dis-
covery a large number of fungi were screened for
their ability to grow in and to hydrolyze steroidal
saponin substrates. The data are too voluminous
to tabulate, but pertinent experimental results are
presented in this paper.

Of the various fungi tested, several, but not all,
species of 4spergillus and Penicillium gave the best
results. In some instances, moreover, different
strains of the same species gave opposite results, one
strain being active and the other inactive. Species
of these genera and a few others which hydrolyzed
significant amounts of saponin are presented in
Table I. A number of genera, species of which
have failed to hydrolyze 5«,22a-spirostane glyco-
sides, are as follows: Absidia, Boirytis, Chaecto-
mium, Circinella, Cunninghamella, Gliocladium,
Helicostylum, Monilia, Mucor, Myrothecium, Oid-
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tum, Paecilomyces, Rhizopus, Sordaria, Spicaria,
Stachybotrys, Stemphylium, Syncephalastrum and
Trichoderma.

TABLE I
FuncaL Species WHicH CLEAVE 5,22a-GLYCOSIDES
Aspergilius
awamori Nakazawa
chevaliert CZ43
Aavus, ATTC 9807
glaucus CZ5
niger, NRRL 1292, 330; ALCA 5. TC-251-4247
niger van Tieghem, NRRL 328, 334, 3
phoenicis, NRRL 1956
wentit Wehmer
Penicillium
cyclopium Westling ERRL,” NRRL 942, 1888, 18949
chrysogenum NRRL 807
Species—many unidentified®
Cladosporium cladosporiodes
Fusarium  sp.
Pulularia  sp.
@ This strain of this species was the contaminant which

led'to the discovery of fungal saponase. & Obtained froin
various plant collections sent to this Laboratory.

The ability of various fungi to cleave 5a,22a-spi-
rostane glycosides was demonstrated to be com-
pletely adaptative. After one of these fungi has
grown in a solution containing an appropriate sapo-
nin, a cell-free filtrate of this solution contains
enzymes that will cleave saponins in a fresh saponin
substrate. Fungal saponase is therefore considered
to be an exo-cellular enzyme. However, when the
same fungi are grown on various media containing
no saponin the cell-free filtrates will not cleave
saponin substrates. Likewise, fungi growing on a
medium containing the cardiac glycoside, stro-
phanthin, failed to produce saponin splitting en-
zymes. Hence, production of fungal saponase is
dependent on the presence of saponin in the sub-
strate.

Fungal saponase is formed, apparently equally
well, in purified saponin substrates free from simple
sugars, in similar substrates to which sugars (glu-
cose or sucrose) have been added, or in crude aque-
ous plant extracts. Growth and cultural conditions
have not been exhaustively studied, but in general
the optimal conditions for growth in and hydrolysis
of saponin substrates are a time period of 48-96 hr.,
continuous aeration of the media, and a pH of 5.5~
6.5. If purified saponin substrates are used suit-
able nitrogen sources such as peptone or ammonium
phosphate are required. Excellent results can be
obtained, however, with crude aqueous saponin ex-
tracts without the addition of supplementary nu-
trients. Saponin hydrolysis proceeds equally well
on these aqueous extracts under ‘“‘sterile’” or ‘‘non-
sterile” conditions (Fig. 1).

The products of the action of fungal saponase on
Sa,22a-spirostane glycosides invariably are the same
as those obtained by acid hydrolysis. Similar re-
sults have been obtained with higher plant sapon-
ase.® The crude sapogenins being water-insoluble,
are easily isolated from the media. Usually a
considerable proportion of fungal hyphae is present
asacontaminant. The sapogenins are readily sepa-
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rated from these solids by solvent extraction (¢f.
Experimental section).

Data on the hydrolysis of four typical purified
saponin substrates by several typical Aspergilli and
Penicillia are presented in Table II. It is apparent
that under the conditions used the hydrolysis is
never complete, 809, of the acid hydrolysis figure
being the maximum. Although the four substrates
had much the same sapogenin composition, consist-
ing largely of glycosides of manogenin and heco-
genin with minor proportions of tigogenin and gito-
genin, the degree of hydrolysis varied both with the
fungus and the plant source of the saponin. Ex-
planations of these results must await completion
of a study of the carbohydrate moieties of the vari-
ous steroidal saponins. It is clear, however, that
no single organism will give maximal hydrolysis of
all saponin sources.

TaBLE II

EFFECT OF VARIATIONS IN FUNGAL ORGANISM AND SAPONIN
Source oN HyproLvsis OF 54.22a-SPIROSTANE GLYCOSIDES
FROM Agave

Per cent. hydrolysis is based on acid hydrolysis = 100%
Saponin source
A. fou- A. ceru- A. avel-
Fungus A. ferox meyana lata lanidens
P.cyclopium Westling ERRL 709, 709, 409, 25%
A. tamarii Kita .. 80 15 15
P. chrysogenum .. 35 65 15
P. cyclopium Westling
NRRL-942 80 50
A. flavus—ATCC 9807 55 75 45
A. wentii Wehmer .. .. .. 70
Experimental

Preparation of Saponin Substrates. A.—The preparation
of partially purified saponin substrates made possible the
study of the effect of certain variables upon the production
of fungal saponase. Freshly ground plant leaves were ex-
tracted with boiling 95%, aqueous ethanol and the residues
with 859, ethanol. The alcohol was partially removed
from the combined extracts by heating, and, after cooling,
fat-soluble materials were removed by extracting with beu-
zene. The aqueous solution was heated on a steam-batl,
adding water as needed, until all the benzene and ethanol
had evaporated. The saponins were extracted from the
aqueous solution with butanol. The butanol extract was
washed with water to remove sugars. Upon adding more
water and distilling, the butanol was removed and a water
solution of partially purified saponin remained. In most
instances 19, peptone and 0.5%, KH,PO, were added and
the substrate buffered at a selected pH. An aliquot was
withdrawn for an acid-hydrolyzed control of the sapogenin
content.

B.—When large volumes of substrate were required, a
much simpler method of preparation was necessary. In
several instances the preparation of the substrate consisted
only in centrifuging the aqueous plant extract and in adjust-
ing it to a definite pH.

Hydrolysis of Saponins by Fungal Saponase.—A sapomnin
substrate was prepared (method A) from a sample of A gave
cerulata. The pH was 5.7. A 50-ml. portion containing
the equivalent of 80 mg. of sapogenin acetate was added to
each of five 300-ml. erlenmeyer flasks. After autoclaving
and cooling, the substrates were inoculated from actively
growing pure slant cultures. Growing conditions were
agitation on a reciprocal shaker at 90 three-inch strokes
per min. for 96 hr. at room temperature, 25-28°. Fungal
growth was stopped by autoclaving. The slurry was trans-
ferred to a 250-ml. centrifuge tube and shaken with 40 ml. of
benzene containing 109, ethanol. The emulsion was
broken by centrifuging at 2000 r.p.m. for 20 minutes. The
solvent layer was collected in a suction flask and the extrac-
tion process repeated. The sapogenin extracts were washed
six tiines with 50% aqueous ethanol to remove saponins.
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The wash water was re-extracted with fresh benzene, this
benzene washed three times and combined with the main
sapogenin extract. Upon evaporation to dryness in a tared
beaker the crude sapogenin was converted to an acetate and
an analysis calculated from subsequent infrared spectral
data. Results are presented in Table II as percentage of
theoretical yield as determined by acid hydrolysis.

Frozen Agave toumeyana leaves, 2.25 kg., were ground
and immediately extracted three times with a total of 8 1.
boiling water. The extract was centrifuged, adjusted to
pH 6.5 and poured into a 5-gal. carboy (method B). Into
the mouth of the carboy was wired a rubber stopper pre-
viously fitted with a stirrer, sampling tube, air sparger and
air vent tube. After autoclaving, ¢n fofo, and cooling to
room temperature the substrate was inoculated with 0.5 1.
of a 48-hr. culture of Penicillium cyclopium Westling
(ERRL). Assoon as the stirrer had created a uniform mix-
ture a sample was withdrawn. Duplicate 100-ml. portions
were immediately extracted with benzene—ethanol to deter-
mnine zero-time free sapogenin content. Two other 100-ml.
portions served as acid hydrolyzed controls for the experi-
ment. Air was introduced into the mixture at the rate of
300-500 ml. per minute. Duplicate 50-ml. samples were
withdrawn aseptically at regular intervals. After 147 hr.,
stirring and aeration were discontinued. Microscopic ex-
amination of the substrate at this time revealed no contam-
inating microdrganisms, and although no alkali had been
added, the pH of the substrate was still above 5.0. All
yields were calculated as weight of sapogenin acetate per
100 ml. of substrate and are presented in Fig. 1 as percentage
of theoretical yield as determined by acid hydrolysis.

The above experiment was repeated with another aqueous
extract of the sample of Agave toumeyana with the exception
that the extract was not sterilized and no special precautions
were taken to prevent contamination of the substrate with
other microérganisms. As a result of contamination with
acid-forming organisms, there was a rapid drop in pH.
Hence, sodium hydroxide was added as needed to maintain
pH 5.5-6.5. Sampling was performed as before and results
of analyses are depicted in the ‘‘non-sterile’’ curve of Fig. 1.

Solvent Extraction of Sapogenins from Dried Fermentation
Solids.—While data of fungal saponase action were obtained
more rapidly by direct extraction of the aqueous substrate,
this procedure was not applicable to large scale runs. Re-
covery of sapogenins from dried fermentation solids was
therefore studied.

At the conclusion of the first large scale fermentation of
aqueous extract, the slurry was centrifuged. The solids
were oven dried and ground to a fine powder in a Wiley mill.
A representative 5-g. sample was weighed into a 125-ml.
erlenmeyer flask and extracted, with continuous stirring,
with 25 ml. of a selected solvent, heating on the steam-bath
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Fig. 1.—Comparison of the hydrolysis of 4. toumeyana
saponins by P. cyclopium when grown on ‘‘sterile’’ wersus
“non-sterile’’ extract.

for 5 minutes. The mixture was filtered. The extraction
process was repeated once each with 25 ml. and 10 ml. of the
same solvent. The filtrates were combined and evaporated
to dryness. After chromatography the yield of sapogenin
was determined from infrared spectral data of the sapogenin
acetates. Maximum yields of sapogenin were obtained
with chloroform or with benzene containing 109, ethanol.
Methanol, benzene and ether gave incomplete extraction.
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Carbodiimides. Part V.!

A Novel Synthesis of Adenosine Di- and Triphosphate and

P1,P2-Diadenosine-5’-pyrophosphate

By H. G. KHORANA
RECEIVED JANUARY 23, 1954

A one-step synthesis of ADP2 and ATP? has been achieved in fair yield through prolonged treatment at room temperature
of a mixture of AMP? and 85%, phosphoric acid with excess of dicyclohexylcarbodiimide (DCC)? in aqueous pyridine.
AMP alone under similar conditions gave excellent yield of P!,P?-diadenosine-5’-pyrophosphate.?

The extensive studies by Todd and collaborators?
during the last several years have resulted in a vari-
ety of methods for synthesis in the general nucleo-
tide field. Whilst these methods have been applied
successfully to the synthesis of, among others,

(1) Part IV. H. G. Khorana, Can. J. Chem., 82. 261 (1954).

(2) The following abbreviations are used: AMP, adenosine-5'.-
phosphate, muscle adenylic acid; ADP, adenosine diphosphate; ATP,
adenosine triphosphate; DAPP, P!, P2.diadenosine-53’-pyrophosphate;
DCC, dicyclohexylearbodiimide.

(3) F. R. Atherton, H. T. Openshaw and A. R. Todd, J. Chem. Soc.,
382 (1945), and subsequent papers in this series.

ADP*5 and ATP,% we wish to describe a novel, one
step synthesis of these two biologically important
substances.

It was shown recently” that dicyclohexyl- and di-

(4) G. W. Kenner, ""The Chemistry of Nucleotides,'' in L. Zech-
meister, "Progress in the Chemistry of Organic Natural Products.”’
Vol. VIII, 1951, p. 97.

(5) J. Baddiley and A. R. Todd, J. Chem. Soc., 648 (1947).

(6) J. Baddiley, A. M. Michelson and A. R. Todd, ibid., 582 (1949).
A. M. Michelson and A. R. Todd., ¢bid., 2487 (1948).

(7) H. G. Khorana and A. R. Todd, 7bid., 2257 (1953);: this com-
munication is regarded as Part I of the present series.



