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condensation and its pentacetylated malononitrile
derivative is given as compound IV. These two
compounds serve as confirmatory proof of the
course of the reaction.

Methoxymethylation of pyrones by chloromethyl
ether in the presence of trifluoroacetic acid is de-
scribed and the compounds produced are given in
chart IIT as members of the IIla~d series.

The results given show that mono- or di-meth-
oxymethylation may take place depending upon
the mole ratios of the reactants. The probable struc-
tures of the compounds produced are reflected in
the names assigned to the members of the series

EXPERIMENTALS®

Preparation of compounds of Ia—f series. A mixture con-
sisting of 0.1 mole of the pyrone, 0.1 mole of the acid, and 20
ml. of trifluoroacetic acid was refluxed for 15 hours. The
reaction mixture was then diluted with 60-80 ml. of water
and chilled in the freezing compartment of the refrigerator.
The precipitate was filtered off and dried in air to give the
crude yields listed in Table I. Compound If required 0.2
mole of the organic acid to 0.1 mole of the pyrone and 25 ml.
of trifluoroacetic acid was used.

The analytical samples were obtained in the following
manner: Ia and Ib, recrystallized twice from ethanol; Ic, re-
crystallized three times from ethanol; Id and Ie, recrystal-
lized twice from heptane; If recrystallized once from ethanol
and once from heptane.

Preparation of compounds of 11a—d series. One tenth mole
of the pyrone was mixed with 0.1 mole of the ester and 20 ml.
of trifluoroacetic acid and the mixture refluxed for 15 hours.
At the termination of the reaction period 40 ml. of absolute
ethanol was added and the mixture was allowed to stand in
the freezer for at least 12 hours. The precipitates were dried
in air.

The analytical samples of the several compounds were ob-
tained in the following manner: Ia, reécrystallized twice from
ethanol then twice from heptane; IIb, extracted with heptane
then recrystallized from ethyl acetate; Ile, recrystallized 3
times from ethanol; IId, recrystallized once from ethanol.

Preparation of compounds of the I1la—d series. Fifteen
milliliters of chilled trifluoroacetic acid was mixed with 0.1
mole of the pyrone and 0.1 mole of cold chloromethyl ether.
The mixture was gently heated, in an efficient all glass re-
flux assembly in a glass heating mantle. .™e heating was
continued until hydrogen chloride vapors were no longer
evolved (usually complete in about an hour). The reaction
mixture was diluted, in each case, with 40 ml. of absolute
ethanol and chilled. The precipitated compound was filtered
off and dried in air.

Analytical samples were obtained by recrystallizing the
compounds twice from ethanol.

The synthests of compound IV. A 3-g. sample of ITE was
refluxed for 90 minutes with 25 ml. of acetic anhydride and 4
g. of malononitrile. The mixture was then diluted with
water, chilled, and filtered. The compound was dried in air
to give a brown material of the pentaacetylmalononitrile
derivative, yield 60%. The compound was recrystallized
once from heptane, m.p. dec. above 195°.

Anal. Caled. for CzeH;sBrN.Ou: C, 50.74; H 3.11; N, 4.55.
Found: C, 50.52; H, 3.02; N, 4.38.

(6) All analyses were performed by Dr. Carl Tiedcke,
Teaneck, N. J. and all melting points were taken on a
Fisher-Johns melting point assembly.
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Microbiclogical Transformations. VIII. The
Oxidation of Androstenedione at C-16

R. M. Dobson! aND SETH M1zUuBA
Recetved September 20, 1961

The recently reported microbiological hydroxyla-
tion of 17q,21-dihydroxy-4-pregnene-3,20-dione
(Reichstein’s compound S) at C-19 using Corticium
sasakit? prompted us to investigate the oxidation
of 4-androstene-3,17-dione (I) with this same genus.
A simple preparation of 19-hydroxyandrostene-
dione would be most useful to the commercial
production of the biologically active norsteroids,?
17 a-ethyl-19-nortestosterone and.17a-ethynyl-173-
hydroxy-19-nor-5(10)-androsten-3-one.
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Incubation of 4-androstene-3,17-dione (I) with
Cortictum centrifugum, A T.C.C. 11908, produced
16-ketotestosterone (IT) and 168-hydroxytestos-
terone (IV). The position of oxidation in II was
readily determined by the fact that the compound
gave a positive blue-tetrazolium test,* but showed
no appreciable change in its ultraviolet spectrum
over a 24-hour period when allowed to stand in
0.1N methanolic potassium hydroxide.’ These

(1) Present address: University of Minnesota, Minne-
apolis 14, Minn.

(2) M. Nishikawa and H. Hagiwara, Chem. and Pharm.
Bull. (Japan), 6, 226 (1958). H. Hagiwara, J. Pharm. Soc.
(Japan), 80, 962, 965, 1667, 1671, 1675 (1960).

(3) A.S. Meyer, Experientia, 11, 99 (1955); G. W. Barber
and M. Ehrenstein, J. Org. Chem., 20, 1253 (1955); H.
Hagiwara, S. Noguchi, and M. Nishikawa, Chem. and Pharm.
Bull. (Japan), 8, 84 (1960).

(4) A. S. Meyer and M. C. Lindberg, Anal. Chem., 27,
813 (1955).

(5) A. 8. Meyer, J. Org. Chem., 20, 1240 (1955).
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tests clearly indicated hydroxylation adjacent to a
carbonyl group but no hydroxylation in rings A or
B of the androstenedione (I). The 16-ketotestos-
terone (II) was positively identified by the ex-
cellent correspondence of its physical properties
and those of its 17-acetate (I1I) with the physical
properties of the same compounds previously
described by Adams et al.® The isomeric 16a-
and 168 - hydroxy - 4 - androstene - 3,17 - diones
were eliminated as possible structures of II by an
analysis of the expected molecular rotations of the
compounds (see ref. 6¢) and by the recovery of 11
unchanged from alkaline solution.”

The structure of 168-hydroxytestosterone (IV)
was initially assigned on the basis of the following
facts: (1) The A%3-keto group was still intact
(ultraviolet and infrared spectra) but the 17-
carbonyl group was no longer present. (2) The
compound gave a positive test with lead tetra-
acetate in benzene. (3) The physical properties of
IV and its diacetate (V) differed from those
reported by Adams et al.® for 16a-hydroxytestos-
terone and its diacetate, but the melting point of
V agreed well with that previously reported by
Butenandt et al® for 168-hydroxytestosterone
diacetate. The structure of IV was established by
its synthesis from 16-ketotestosterone by the
selective reduction of the 16-carbonyl group with
sodium borohydride.? The configuration of the
168-hydroxyl group in IV was confirmed by the
ready conversion of IV to the corresponding
acetonide. 58

The isolation of 168-hydroxytestosterone (IV)
from the incubation of androstenedione (I) with
C. centrifugum does not necessarily indicate that
this organism directly hydroxylates any substrate
at the 168- position. 16a-Hydroxylation of andros-
tenedione (I), followed by isomerization of the
16,17-ketol (to II)” and reduction of the resulting
16-keto group (to give IV) provides as adequate an
explanation of the compounds obtained as a
sequence involving 168-hydroxylation of andros-
tenedione and/or testosterone. At present, we do
not know the detailed course of the reaction.

(6) (a) W. J. Adams, D. K. Patel, V. Petrow, and I. A.
Stuart-Webb, J. Chem. Soc., 297 (1956). (b) A. 8. Meyer
and M. C. Lindberg, J. Am. Chem. Soc., 76, 3033 (1954).
(c) Recently, these same compounds (II and IV) plus many
others were isolated from a fermentation of testosterone with
Wojnowicia graminis by H. L. Herzog, M. J. Gentles, A.
Basch, W. Coscarelli, M. E. A. Zeitz, and W. Charney,
J. Org. Chem., 25, 2177 (1960). Fermentation of andros-
tenedione with W. graminis produced testosterone and 16ea-
hydroxytestosterone (H. L. Herzog et al.). Our work was
completed before this report appeared.

(7) N. 8. Leeds, D. K. Fukushima, and T. S. Gallagher,
J. Am. Chem. Soc., 76, 2943 (1954). J. Fishman, J. Am.
Chem. Soc., 82, 6143 (1960).

(8) A. Butenandt, J. Schmidt-Thome, and T. Weiss, Ber.,
72, 417 (1939). The physical properties of these compounds
alsol agree well with those recently reported by H. L. Herzog
etal.%
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EXPERIMENTAL!®

Fermentation of 4-androstene-3,17-dione (I) with Corticium
centrifugum, A.T.C.C. 11908. Corticium  centrifugum,
AT.C.C. 11908, was grown for 90 hr. in a stainless steel
fermentor containing the following medium: 1000 g. of com-
mercial dextrose, 150 g. of cotton seed flour, 90 ml. of corn
steep liquor, 20 g. of yeast extract, 5 g. of silicone antifoam,
and water to a total volume of 35 1. after sterilization with
direct steam. The culture was agitated by a paddle type
stirrer operating at 200 r.p.m. and was aerated with 10 L.p.m.
of sterile air which entered through a sparger located below
the agitator. The temperature was maintained at 25°. Ten
grams of 4-androstene-3,17-dione dissolved in 250 ml. of
acetone was added, and incubation was continued for 7 hr.
The culture was extracted twice with 15 1. of methylene
chloride, and the rich solvent fractions were pooled.

The methylene chloride solution was evaporated to dry-
ness, and the residue chromatographed on 1.5 kg. of silica
gel. The column was first washed with 109, ethyl acetate in
benzene. Elution of the column with 159 ethyl acetate in
benzene produced 2.686 g. of 4-androstene-3,17-dione, m.p.
and m.m.p. 172-174°, The column was washed further with
209% ethyl acetafe in benzene and 309 ethyl acetate in
benzene. Elution with 409 ethyl acetate in benzene yielded
1.734 g. of 16-ketotestosterone. Crystallization of this mate-
rial from acetone—cyclohexane, aqueous acetone, then from
acetone—petroleum ether (b.p. 60-70°) gave 604 mg. of 16-
ketotestosterone (II), m.p. 161-162.5°; [a]D —66°; A max
240 myu (e 16,350); Aber 2.90, 5.70, 5.98, 6.18 u; (reported®e
m.p. 160°, [«]p —65°). An additional 0.48 g. (m.p. 157-
159°) and 0.14 g. (m.p. 153-157°) of 16-ketotestosterone were
obtained from the mother liquors. The compound gave an
intense purple color on standing with cone. sulfuric acid.

Anal. Caled. for C;sHpO5: C, 75.46; H, 8.67. Found: C,
75.62; H, 8.68.

Further elution of the column with 509 ethyl acetate in
benzene yielded 715 mg. of crude 168-hydroxytestosterone,
which, since it proved difficult to purify, was crystallized in
two portions. Crystallization of the first three fractions
(369 mg.) from acetone—cyclohexane, aqueous methanol,
acetone-petroleum ether (b.p. 60-70°), aqueous methanol,
then finally aqueous acetone yielded 59 mg. of 168-hydroxy-
testosterone (IV), m.p. 183.5-185.5°; [a]p +103°; Apax 241
mu (e 16,800); Ao 2.73, 2.81, 5.99, 6.19, 9.37, and 9.65 4
(reported® m.p. 179-182°, [a]p +101°). Crystallization of
the final four fractions (346 mg.) yielded 89.5 mg. of product,
m.p. 178-183°, An additional 129 mg. of product, m.p. 168-
178°, was obtained from the mother liquors.

Anal. Caled. for Ci3HypO;: C, 74.96; H, 9.27. Found: C,
74.73; H, 9.17.

Further elution of the column with 609 and 70% ethyl
acetate in benzene, then finally with ethyl acetate, yielded no
further crystalline material.

16-Ketotestosterone acetate (111) was obtained by acetyla-
tion of 16-ketotestosterone with acetic anhydride in pyridine
for 2 hr. at room temperature. After crystallization from
dilute acetone the material melted at 200-201.5°; [a]D
—48°%: Nnax 240 my (€ 17,000); (reported®® m.p. 196-198°, [a]D
— 48°).

Anal. Caled. for CyHyO4: C, 73.23; H, 8.19. Found: C,

73.39; H, 8.23.

168-Hydroxytestosterone diacetate (V) was obtained by
acetylation of 16g-hydroxytestosterone (IV) with acetic
anhydride in pyridine for 18 hr. at room temperature.

(9) J. K. Norymberski and G. F. Woods, J. Chem. Soc.,
3426 (1955).

(10) All melting points were taken on a Fisher-Johns
melting point apparatus. The rotations were taken in chloro-
form at 24 = 2° and the ultraviolet spectra in methanol.
We are indebted to Drs. R. T. Dillon and H. W. Sause of
the Analytical Division of G. D. Searle and Co. for the
optical and analytical data reported.
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After crystallization from acetone-petroleum ether (b.p.
60-70°) the material melted at 204-205.5°; [a]p -+90°;
Amax 240 my (e 16,900); (reported® m.p. 201-202.5°, [«]D
+88°). .

Anal. Caled. for CyHiOs: C, 71.10; H, 8.30. Found: C,
71.16; H, 8.05.

168-Hydroxylestosterone (IV) from 16-ketotestosterone (II).
To a solution of 0.50 g. (1.65 mmole) of 16-ketotestostérone
in 100 ml. of ethanol, cooled to 4° in an ice bath, was added a
solution of 0.10 g. (2.64 mmole) of sodium borohydride in 5
ml. of water, The resulting solution was allowed to stand at
0~-5° for 1 hr. Then 1.00 ml. of glacial acetic acid was added
to decompose the excess sodium borohydride, and the re-
sulting solution was evaporated to dryness. Attempts at
purification of the produet by direct crystallization from
dilute acetone, acetone—petroleum ether (b.p. 60~70°) and
dilute acetone, gave material melting at 173.5-175°. Acet-
ylation of this material plus material recovered from the
mother liquors from the crystallizations (0.382 g. total) with
acetic anhydride (5 ml.) in pyridine (5 ml.) yielded, after
crystallization from dilute acetone, then acetone-petroleum
ether (b.p. 60-70°), 204 mg. of 16g8-hydroxytestosterone
diacetate (V), m.p. 198-203°. A final crystallization from
acetone-petroleum ether (b.p. 60-70°) gave material, m.p.
203-204.5°, [«]p -+ 89°, that was identical in all respects
(m.m.p. and infrared spectra) with that prepared above.

COMMUNICATIONS
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Hydrolysis of 153 mg. of 168-hydroxytestosterone diace-
tate (V) with 0.20 g. of sodium hydroxide in 1 ml. of water
and 7 ml. of methyl alecohol under nitrogen (room tempera-
ture, 18 hr.) gave, after crystallization from dilute methanol,
96.5 mg. (81%) of 168-hydroxytestosterone, m.p. 180-182.5°,
After crystallization from dilute acetone, this material, m.p.
183-184.5°, proved to be identical in all respects (m.m.p.
and infrared spectra) with that obtained directly from the
fermentation.

168-Hydroxytestosterone acefonide was prepared by treating
a solution of 168-hydroxytestosterone (46 mg.) in 5 ml. of
acetone with p-toluenesulfonic acid (0.10 g.) for 18 hr. The
acid was neutralized with solid potassium carbonate. The
product was precipitated with water and crystallized from
dilute acetone, m.p. 183.5-187° (cloudy melt); ASE" 5.98,
6.18, 7.22, 7.26, 9.42, and 11.53 u.1!

Anal. Caled. for CpH305: C, 76.70; H, 9.36. Found: C,
76.98; H, 9.25.

G. D. SearLr anp Co.
P. 0. Box 5110
Cuicago 80, ILL.

(11) S. A. Barker, E. J. Bourne, R. M. Pinkard, and
D. H. Whiffen, J. Chem. Soc., 807 (1959). H. B. Henbest
and R. A. L. Wilson, J. Chem. Soc., 1958 (1957).

Communicattons to THE EDITOR

High Pressure Gas Chromatography above

Critical Temperatures!

Sir:

In studies on the separation of porphyrin mix-
tures by conventional gas chromatography, suffi-
ciently high vapor pressures were reached only at
temperatures where decomposition occurred. Higher
vapor concentrations at lower temperatures are
necessary for separations. For thermodynamic rea-
sons liquids show higher vapor tension under pres-
sure from insoluble gases.?—* This increase is rela-
tively small, Inorganic and organic solids,®—? in-

(1) Porphyrin Studies XX. Paper XIX, E. Klesper, A. H.
Corwin and P. K. Tber, Anal. Chem, 33, 1091 (1961). Ac-
knowledgment is made to the donors of the Petroleum Re-
search Fund administered by the American Chemical Society
for support, of the research.

(2) W. M. Clark, Topics in Physical Chemistry, Williams
and Wilkins, Baltimore, 1952, second ed., pp. 89-92.

(3) Walter Bueche in Houben-Weyl, Methoden der Or-
ganischen Chemie, Georg Thieme Verlag, Stuttgart, 1959,
Vol. 1, Part 2, p. 455.

(4) F. Pollitzer and E. Strebel, Z. physik. Chem., 110,
768 (1924).

(5) J. B, Hannay and James Hogarth, Chem. News, 41,
103 (1880).

(6) P.Villard, Z. physik. Chem., 23, 373 (1897).

(7) M. Centnerszwer, Z. physik. Chem., 46, 427 (1903).

(8) A.Smit8, Z. Elektrochem., 9, 663 (1903).

cluding a derivative of chlorophyll,® are soluble in
carbon dioxide, ammonia, sulfur dioxide, ethanol,
and ether far in excess of the thermodynamic in-
crease in vapor tension. Solubility increases with
pressure and van der Waals’ interaction in the gas.
Later the dissolution of polymers was found to be
common. !

In our apparatus (see Fig. 1) the gas is contained
in a pressure vessel and passed under 800 to 2300
p.s.i. pressure through a spiral of copper tubing for
temperature equilibration, then through the chro-
matographie column which is made of glass, en-
closed in a pressure tube and easily removable. The
apparatus is mounted in an insulating box lined
with heating foil. A propeller circulates the air.
Thermocouples are inserted into the entrance of the
column, In one modification a high pressure gauge
glass was substituted for part of the pressure tube
allowing visual inspection during runs. After apply-
ing the porphyrins and charging the pressure vessel
the apparatus is heated above the critical tempera-
ture, Then the gas flow is started and the pressure
raised to the desired level. The rate of flow is deter-
mined at ambient pressure with a pneumatic trough
at the outlet.

(9) H. 8. Booth and R. M. Bidwell, Chem. Revs., 44, 447
(1949).

(10) P. Ehrlich and E. B. Graham, J. Polymer Sci., 45,
246 (1960).



