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more polar solvents, but this material was not used for the 
following transformation. 

The benzene eluted 1.5-g. sample was dissolved in acetic 
acid and shaken overnight a t  room temperature with 0.4 g. 
of platinum oxide catalyst. The product was saponified with 
5y0 aqueous ethanolic potassium hydroxide for 24 hr., 
concentrated, and water added. Extraction with ether left 
no residue and acidification of the ether solution followed 
by extraction with ether, extraction with bicarbonate, 
acidification, and re-extraction with ether furnished, after 
drying and evaporation, 0.86 g. of acid. 

A 0.55-g. sample of this acid was esterified with ethereal 
diazomethane solution and the crude ester was fractionated 
by distillation affording 0.31 g. of material with b.p. S O 0 /  
0.01 mm. and 0.20 g. with b.p. 93"/0.01 mm. The lower 
boiling fraction exhibited no infrared hydroxyl absorption, 
a strong band a t  5.76 p, a shoulder a t  5.85 I.C and a relatively 
weak band at 6.08 p. 

Anal. Calcd. for CllH1803: C, 66.64; H, 9.15; 0, 24.21; 
C-methyl, 7.57; methoxyl, 15.66. Found: C, 66.81; H, 8.80; 
0, 24.70; C-methyl, 6.48; methoxyl, 16.30. 

AP the infrared spectrum indicated the presence of some 

remaining unsaturated ester, 250 mg. of the above analytical 
sample was again hydrogenated with acetic acid and 
platinum oxide a t  30' and the est.er isolated in the usual 
way; x:w;.qfl1. 5.75 p, no selective ultraviolet absorption. A 
200-mg. aliquot of the ester was saponified by heating under 
reflux for 5 hr. with 57" et,hanolic potassium hydroxide 
affording 120 mg. of acid, which was dissolved in 2.5 cc. of 
water; 2 drops of phenolpht'halein indicator was added fol- 
lowed by 1N aqueous sodium hydroxide until a faint pink 
color persisted after heat,ing to about 80". Two drops of 
0.1S hydrochloric acid was added to make the solut,ion 
slightly acidic follomd by the dropwise introduct'ion of 10.5 
g. of S-benzylthiourea in 2.5 cc. of mater. The S-benzyl- 
thiuronium salt precipitated immediately and, after cooling 
in ice, it was filt,ered and recryst,allized from water; m.p. 
135.5-136.5'. 

Anal. Calcd. for C18H26N203S: C, 61.75; H, 7.43; S, 8.00; 
0, 13.72; S, 9.15. Found: C, 61.5,5; H, 7.40; N, 8.27: 0. 
13.01; S, 8.97. 
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Incubation 0; testosterone with Wojnowicia graminis (CBS) affords a variety of transformation products, including 16p- 
hydroxytestosterone, 16~~-hydroxytestosterone, 16-ketotestosterone, 6P-hydroxZ.testosterone, 6p-hydroxy-4-androstene- 
3,17-dione, 14a-hydroxy-4-androstene-3,17-dione, 4-androstene-3,17-dione, and two additional, incompletely characterized 
crystalline products, one of which appears to be hydroxylated at  1 2 ~ .  From a limited study of the action of the same organ- 
ism on 4-androstene-3,17-dione, testosterone, and 16a-hydroxytestosterone were isolated. This is the first example of micro- 
hiological16p-hydroxylation. 

From the work of McAleer and Dulaney' it is 
known that Wojnowicia graminis (CBS) hydroxy- 
lates progesterone at  CZ, affording thereby desoxy- 
corticosterone. We speculated that hydroxylation 
of a steroidal substrate of only 19 carbon atoms 
might also occur preferentially a t  a methyl site 
rather than a methylene or methylidyne site, and 
we might thereby effect 18- or 19-hydroxylation. 
With this in mind we have incubated testosterone 
(I) with W .  graminis in a 1% yeast extract-1% 
cerelose medium for seventy- two hours and isolated 
the steroidal products by extraction with rhloro- 
form. 

After very careful chromatography over Florisil 
and in a toluene-propylene glycol partition system, 
we were able to isolate nine crystalline transforma- 
tion products (in addition to recovered starting 
material), and to identify completely seven of them. 
These, in order of increasing polarity with respect 
to partition in the toluene-propylene glycol paper 
chromatographic system, were : 4-androstene-3,17- 

(1) W. J. McAleer and E. L. Dulaney, Arch. Biochem. 
Riophys., 6 2 ,  109 (1956). 

dione (11), uncharged testosterone (I), 16-keto- 
testosterone (III), 6p-hydroxy-4-androstene-3,17- 
dione (IV), 14a-hydro~y-4-androstene-3~17-dione 
(V) , 16p-hydroxytestosterone (VI) , 6P-hydroxy- 
testosterone (VII), and 16m-hydroxytestosterone 

Identifications of I and I1 were easily accom- 
plished by comparison of melting point, paper 
chromatographic mobilities and infrared spectra 
with those of authentic samples. 

Our sample of 111 had m.p. 153-155", [ a l g  -54" 
(chloroform), 240 mp ( E  = 16,600). ,4 five- 
membered ring carbonyl band was noted in the in- 
frared spectrum at  5.70 k. Both blue and red tetra- 
zolium reagents gave positive tests with 111, iiidi- 
eating the presence of an a-keto1 system. Since the 
ultraviolet spectrum of I11 did not shift in alkaline 

the keto1 must have been in the D-ring. 
Meyer and Lindberg3 describe 16-ketosterosterone, 
m.p. 152-158", [a ]E  -52' (chloroform). Upon 

(VIII). 

(2) A. S. Meyer, J. Org. Chem., 20, 1240 (1955). 
(3) A. S. Meyer and M. C. Lindberg, J .  Am. Chem. Soc., 

76,3033 (1954). 
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acetylation I11 afforded an acetate, m.p. 194-197" 
[a]% -44" (chloroform), with infrared bands at 
5.66 p and 5.74 p characteristic for the absorptions 
of a five-membered ring ketone and a neighboring 
acetate group. Meyer and Lindberg3 report 16- 
ketotestosterone acetate, m.p. 195-199", [a]% -29" 
(chloroform). The alternative possibilities for the 
structure of 111, namely lea-hydroxy- and 16p- 
hydroxy-4-androstene-3,17-dione are excluded by 
a rotational a r g ~ m e n t . ~  

Compound IV  mas obtained only in a mixture 
with nonultraviolet absorbing impurities 
236 mp, (E = 8,400). From the location of the maxi- 
mum and the behavior of the ultraviolet spectrum 
of the mixture on treatment with alkali according 

values derived from eEtrone and appropriately substituted 
derivatives). AM16H-16C=0 = -472 (given by Meyer2 for 
testosterone to 16-ketotestosterone). The rotation of I11 
a8 prepared by us is in good agreement with Meyer's value. 

(4) A~[lBH--lSSOH =i -49; AM16H-lhOR i -34 (both 

to  Meyer,2 an hydroxyl group must be placed a t  
the 6-position in the ultraviolet-absorbing com- 
ponent of the mixture. This ultraviolet-absorbing 
component had the same migration rate as an 
authentic sample of 6P-hydroxy+t-androstene-3,17- 
dione6 in toluene-propylene glycol paper chroma- 
tography.6 From these data we are fairly sure 
that 6p-hydroxy-4-androstene-3,17-dione is a prod- 
uct of the fermentation. This conclusion is further 
reinforced in the subsequent discussion by the 
isolation and identification of the closely related 
6/3-hydroxytestosterone (VII) . 

The next, more polar fermentation product iso- 
lated (V) meltedat 236-246", [a]g  +166" (chloro- 
form), 239 mp (e  = 15,700) (no shift of 
ultraviolet in alkali), 2.94 p and 5.72 p. 
From the infrared and ultraviolet data we in- 
ferred we were dealing with an hydroxylated 4 
androstene-3, 17-dione1 the new hydroxyl group 
or groups being in the C or D rings or a t  C-18. 
No reaction occurred between V and acetic anhy- 
dride in pyridine solution, from which it was in- 
ferred that the new hydroxyl group must be at 
1 lp- and/or 1 4 ~ .  Both 1 lp-hydroxy-4-andro- 
stene-3,17-dione' and 14a-hydroxy-4-androstene- 
3,17-dienes are known. From a comparison of the 
physical constants the latter alternative seemed 
more likely [llp-01,' m.p. 200", [&]E $220" 
(chloroform); 14a-ols m.p. 257", [a]% +173" 
(chloroform) 1. Comparison of the infrared spec- 
trum of V with that from an authentic sample of 
14a-hydroxy-4-androstene-3,17-dioneg revealed 
that the compounds were identical. 

Compound VI melted a t  179-182", [CY]% 
+lo lo  (chloroform), 241 mp (E = 15,900) 
(no shift of ultraviolet in alkali). KO five-membered 
ring carbonyl band was apparent in the infrared 
spectrum (hydroxyl and A4-3-keto groups were 
evident). From the polarity of VI it appeared that 
two hydroxyl groups were present, both of which 
had to  be iii rings C or D. One was probably a t  
17- as the starting material contained this group. 
Acetylation of VI with acetic anhydride in pyridine 
afforded an hydroxyl-free product, from which it 
was inferred that the second hydroxyl group was 
not a t  116- or 14a-. A diagnostic cleavage of VI 
with sodium bismuthate'O resulted in the forma- 
tion of a t  least four new products (paper chroma- 
togram), from which it was concluded that the 

(5) D. H. Peterson, et al., J .  Am. Chem. SOC., 75, 5768 

(6) R. B. Burton, A. Zaffaroni, and E. H. Keutmann, 

(7) T. Reichstein, Helv. Chim. Acta, 20,978 (1937); M. E. 

(8) A. F. St. AndrB, e t  al., J .  Am. Chem. SOC., 74, 5506 

(9) Kindly provided by Prof. E. Testa, Lepetit, Milan, 

( I O )  C. J. W. Brooks and J. K. Norymberski, Biochem. J., 

(1953). 

J .  Biol. Chem., 188,763 (1951). 

Herr and F W. Heyl, J .  Am. Chem. SOC., 75, 5927 (1953). 

(1953). 

Italy. 

55,371 (1953). 
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second hydroxyl group was a t  C I ~ .  Both 16aJ1 
and 16P-hydro~ytestosterone~~ are known. The 
former melts a t  191-192", [CY]: +80" (chloro- 
form), while the latter melts a t  172-173" (no rota- 
tion reported). The respective diacetates are also 
known: 16a- m.p. 139-140", [alg +12" (chloro- 
form)", 160- m.p. 199" (no rotation reported).12 
The diacetate of VI melted at 201-202.5", [a]: 
+88" (chloroform). The physical constants of VI 
are in much better accord with 16@-hydroxytesto- 
sterone and the structure was so assigned. A 
h a 1  confirmation was obtained by the conversion 
of VI into an acetonide with acetone-hydrochloric 
acid according to Butenandt.I2 The product which 
resulted melted at  185-187", while Butenandt 
reported 183-184". No acetonide would be ex- 
pected to form from 16a-hydroxytestosterone. 
The formation of VI from I is the first micro- 
biological 16P-hydroxylation to be r e~0r t ed . I~  

Compound VI1 melted a t  215-218", [a ]E  +%go 
(chloroform), A:,"oH 236 mp ( E  = 13,600). The 
short wave length of the ultraviolet maximum 
was most consistent with 6/3-hydroxylation. This 
assignmelit was confirmed by the alkaline ultra- 
violet spectrum of VI1 which displayed the char- 
acteristic shift.2 The infrared spectrum contained 
no five-membered ring carbonyl band from which 
it was inferred that the 17-hydroxyl group was 
intact. Analysis was consistent with the empirical 
formula C19H28031 a monohydroxylated testo- 
sterone. The physical constants of VI were in 
good agreement with those reported for 6P-hy- 
droxytest~sterone'~ [m.p. 216-222", [a]g 4-32' 
(chloroform)]. Acetylation of VI afforded an 
hydroxyl-free product, m.p. 132-135" (phase 
change 119"). The known diacetate melted a t  
135-143" (phase change 127"). All the evidence 
accordingly supports the assigned structure. 

Compound VIII, the most polar of the crystal- 
line products isolated, melted a t  183-187", [a]: 
+63" (dioxane), A:::oH mp ( E  = 14,000). The 
alkaline ultraviolet displayed no shifts in maxi- 
mum or intensity. It appeared that the 17-hy- 
droxyl was unaltered (no five-membered ring 
carbonyl in infrared) and that one or more hy- 
droxyl groups had been introduced (polarity). 
The new group or groups were restricted to  C or 
D ring and C-18 locations by the alkaline ultra- 
violet measurement. Acetylation in acetic anhy- 
dride-pyridine a t  room temperature afforded 
an hydroxyl-free product. Hence 110- and 14a- 
hydroxylations were excluded. A diagnostic re- 

(11) W. J. Adams, et al., J .  Chem. SOC., 297 (1956). 
(12) A. Butenandt, J. SchmidbThomB, and T. Weiss, 

(13) Cf. E. Vischer and A. Wettstein, Adv. Enzym. XX, 
Ber., 72,417 (1939). 

248 11958). 
( Ih) S.' Eppstein, et al., J .  Am. Chem. SOC., 76, 3174 

(1954); C. P. Balant and M. Ehrentein, J .  Org. Chem., 17, 
1587 (1952). 

action with sodium bismuthate gave evidence for 
transformation of VI11 into a variety of products, 
indicating thereby that an hydroxyl group had 
probably been introduced at CI6. Monohydroxyla- 
tion of 16P- was excluded as the infrared spectrum 
of VI11 did not match that of VI. Accordingly 
16a-hydroxylation was a most likely alternative. 
The diacetate of VI11 melted a t  142-143", [a ]E 
+4" (chloroform). Infrared comparison of the 
diacetate of VI11 with the spectrum from an 
authentic sample of 16~~-hydroxytestosterone 16, 
17-diacetate established the structure of VI11 
unequivocally. ' 6  

In  addition to  the seven products to which 
structures have been assigned, two additional. 
apparently pure, crystalline compounds of un- 
certain identity were isolated. Both of these 
were intermediate in polarity on paper between 
VI and VII. The less polar of the two, IX: melted 
a t  195-199", [a ]E +lo" (dioxane or chloroform), 
no strong ultraviolet peaks at 220-350 mp, only 
hydroxyl bands in functional group region of in- 
frared. The carbon-hydrogen analyses were in 
fair agreement with the formula C19H3003. Acety- 
lation of IX with acetic anhydride in pyridine a t  
room temperature afforded an hydroxyl-free de- 
rivative, m.p. 134-135", [a]: +12" (chloro- 
form), whose analyses TTere in fair agreement 
with a diacetate formulation, Cz3H%O5. There was 
no reaction between manganese dioxide and IX. 
Diagnostic sodium bismuthate cleavage afforded a 
spectrum of products, resembling that which 
had been obtained previously with VI and VIII. 
In  acetone-hydrochloric acid IX was transformed 
into a more polar product containing chlorine. 
These facts are in accord with the formulation of 
IX as a 16~~,17P-dihydroxysteroid bearing an 
epoxide group, e.g., 4a,5a-oxidoandrostane-l6a, 
17P-diol. There is a precedent for the microbio- 
logical epoxidation of a double bond.16 However 
one cannot say that a clear parallel exists in our 
case, as the origin of the oxido oxygen is obscure. 
The possibility that the 3-oxygen is the source of 
the oxido oxygen has not been excluded. 

The second unknown, X, melted a t  166-168", 
[a]: +136" (chloroform), 239 mp ( E  = 
16,400), with hydroxyl and conjugated car- 
bonyl bands in the infrared and was apparently 
a monohydroxylated testosterone from its relative 
polarity with respect to VI and VII. The ultraviolet 
spectrum did not shift in alkali. Acetylation of X in 
acetic anhydride-pyridine afforded an hydroxyl- 
free product. From this evidence hydroxyl substj- 
tuents were excluded from rings A and B, from 19-, 

(15) The measurement and comparison of spectra was 
carried out by Mrs. Beatrice S. Gallagher of Sloan-Kettering 
Institute (chart 464, Infrared Absorption Spectra of Steroids, 
Vol. 11) to whom we are indebted. 

(16)'B. M. Bloom and G. M. Shull, J .  Am. Chem. SOC., 
77,5767 (1955). 
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l lp ,  and 14a. Positions lla, 15a, 15p, 16a, and 
16p were o8tensiblg excluded by comparison of the 
infrared spectrum of X with those of the appro- 
priate hydroxylated testosterones. The remaining 
sites for an hydroxyl group seemed therefore to be 
12a, 12D, and 18. Measurement of the NMR 
spectrum17 of X clearly excluded the 18-position 
as a site of hydroxylation and was also in accord 
with a 12a-hydroxyl substitution (equatorial 
hydrogen at 12-) . 

The NMR spectrum also contained a band which 
is in te r~re ted '~  as being consistent only with the 
presence of a 141 5-unsaturation. With phospho- 
molybdic acid reagent under appropriate experj- 
mental conditions X gives a characteristic purple 
color \I-hich is given by authentic 14a, 15a, and 
15p-hydroxy-4-androstenes and by 4, 14-andro- 
stadienes. I8 

Within the framework of a 4,14-androstadiene- 
1~~-01-3-011e structure one may exclude substitu- 
tion in rings A and B by the alkaline ultraviolet 
measurement, at lla, 120, 18, and 19 by the NMR 
results, a t  l l p  by the acetylation experiment, and 
16a and 16p by diagnostic sodium bismuthate 
degradation in which no transformation products 
were formed and starting material was identified. 
Hence all evidence is consistent with the tentative 
assignment of X as 4,14-androstadiene-l2a,l7p- 
diol-3-one. 

We speculate that the C14 unsaturation probably 
arises from dehydration of a 14a-hydroxy inter- 
mediate during the fermentation or subsequent 
work-up. It has already been demonstrated that 
the organism possesses an enzyme which promotes 
Clc-hydroxylation (V). The properties of a 12a,- 
14a-dihydroxysterojd might be expected to  vary 
from those usually associated with 14a-hydroxy- 
steroids because of a strong steric interaction be- 
tween the axial hydroxyl groups with a iesultant 
increased propensity for elimination a t  CI4. The 
direct microbiological introduction in steroids of 
unsaturation not conjugated with existing carbonyl 
or olefinic unsaturation is, so far as we are aware, 
without precedent and we accordingly prefer to 
consider this alternative explanation less likely. 

At least six additional ultraviolet absorbing 
products, all more polar than VIII, were ob- 
served by paper chromatographic analysis. KO 
attempt was made to characterize these. 

From a more limited study of the fermentation 
of 4-androstene-3,17-dione (11), with the same 

(17) We are indebted to Dr. James Shoolery of Varian 
Associates, Palo Alto, Calif., for the measurement (with 2 
mg. of substance) and interpretation of this spectrum. 

(18) If spraying and drying are carried out according to  
the procedure given under the experimental heading, Sodium 
bismuthate oxidation of I X ,  and the colors are read immedi- 
ately after being developed the following results are noted: 
olive green-IV and VI1 ; blue-green-VI, VIII ; blue-I, 
11, 111, I Y ;  purple-V, X, 15~hydroxy-4-androstene-3,17- 
dione, 15~-hydrosy-l-androstene-3,17-dione, 4,14-pregna- 
dirne-lTcr,21-diol-3,20-dione 21-acetate. 

-__ 

organism under the same conditions, testosterone 
(I) and 16a-hydroxytestosterone were identified 
by the techniques already described. Hence W .  
graminis appears to have an enzyme (or enzymes) 
which can effect reversible oxidation-reduction 
a t  C17. 

EXPERIMENTAL" 

Fermentation of testosterone ( I )  with Wojnowicza graminis 
(CBS). Wojnowicza graminis (CBS) was maintained on a 
medium prepared from 10 g. of Difco yeast extract, 10 g. of 
cerelose, 20 g. of Difco agar, and 1.0 1. of tap water. 

Inoculum for the fermentation was prepared by seeding a 
300-ml. Erlenmeyer flask, containing 100 ml. of the afore- 
mentioned medium without agar, from an agar slant. The 
inoculum was incubated on a rotary shaker at 28' for 72- 
96 hr. 

One hundred 300-ml. Erlenmeyer flasks, each containing 
100 ml. of the forementioned medium without agar, were 
sterilized and inoculated with the 72-96-hr. growth culture. 
After 48-72 hr. on a rotary shaker (300 strokes/min.) at 
28' good growth of the culture was obtained and thereupon 
there was added to each flask 0.025 g. of testosterone (I) 
dissolved in 1.0 ml. of dimethylformamide. Shaking was 
continued for 72 hr., when most of the testosterone had been 
consumed as measured by paper chromatography in the 
toluene-propylene glycol system. 

The contents of all flasks were then pooled and extracted 
exhaustively with ethyl acetate. The residue remaining 
from removal of the ethyl acetate by distillation in VQCUO 
was taken up in a minimum volume of methylene chloride 
and transferred to a 200-g. Florisil column. The fractions 
(175-200 ml.) were collected according to the following 
pattern: 

Pool Fraction 
No. No. Eluting Solvent 

- 1-3 
5-15 

A4 {16-25 
B 26-34 
C 35-39 
n 40-49 
E 50-61 
F 62-65 
G 66-70 

Hexane 
Ether 
Ether-methylene chloride (1 : 1)  
Methylene chloride 
Methanol-methylene chloride (1  : 99) 

(2:98) 
(' (4.96) 
" (5.95) 
" (10 * 90) 

L' # (  

( L  L L  

" L 

C '  " 

Pool A was crystallized from ether-hexane affording two 
crops of tan rosettes: 1st crop 0.124 g., m.p. 207-210"; 2nd 
crop 0.052 g., m.p. 185-195'. Combined crops 1 and 2 were 
chromatographed on 20 g. of Florisil and eluted with 
methylene chloride with progressively increasing amounts 
of methanol. From the methylene chloride eluates 0.050 g 
of testosterone (I)  was isolated, m.p. 146-150°, whose infra- 
red spectrum was identical with that of an authentic 
sample. Fractions collected with 1 yo methanol-5% methanol 
contained crystals, m.p. >205'. Recrystallization from 
aretone-hexane afforded 0.081 g. of 6P-hydroxytestosterone 
(VII), m.p. 205", resolidify, remelt 215-218', [a]: +29" 
(chloroform), A ~ ~ ~ " "  236 mp ( e  = 13,600), XEz' 3.0 p 
(hydroxyl), 6.02 p (3-carbonyl), 6.15 p ( A 4 ) .  

Anal. Calcd. for ClgH2803: C, 74.96; H, 9.27. Found: C, 
74.99; H, 9.40. 

Acetylation of VI1 (0.017 9.) with 0.2 ml. of acetic anhy- 
dride and 0.1 ml. pyridine at room temperature overnight 

(19) All melting points are corrected. Analyses and opti- 
cal data are by the Physical Chemistry Department of these 
laboratories. We are indebted to  Mr. Richard Wayne for 
the interpretation of the infrared spectra. 
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afforded, after water precipitation, 0.020 g. of crystalline 
diacetate, m.p. 119', resolidify, remelt 132-138'; 
235 mp ( E  = 13,200), 2;:' 5.74 p (acetate carbonyl), 5.95 
p (3-carbonyl), 6.16 p (A4),  8.10 p (C-0-C of acetate). 
The product was paper chromatographically homogeneous 
in ligroin-propylene glycol. 

The mother liquor f rom the crystallization of Pool A was 
chromatographed over 150 g. of Johns JIanville Chromo- 
sorb-W which was prepared with 150 ml. of the aqueous 
phase from the system made from 400 parts of ethyl acetate, 
100 parts of ligroin, 600 parts of methanol, and 500 parts of 
water. Following pretreatment of the Chromosorb with the 
aqueous phase the resulting powder was packed with vibra- 
tion in a 4-cm. (diameter) column to the height of 27.5 cm. 
The column was wetted throughout with the ethyl acetate 
phase and a small layer of refined sand was then floated 
down onto the Chromosorb. The mother liquor residue from 
Pool A was dissolved in 5 ml. of the ethyl acetate-ligroin 
phase, which was then equilibrated with 5.0 ml. of the 
aqueous phase. To the two-phase system was added 5 0 g. 
of Chromosorb-W and the resulting damp powder was vi- 
brated onto the layer of damp sand. Additional ethyl ace- 
tate-ligroin phase was added to wet the newly added 
Chromosorb, and then another layer of sand was floated 
onto the Chromosorb. The column was then eluted with 
the ethyl acetate-ligroin phase and 100-ml. fractions were 
collected. From fractions 6-9, after crystallization from 
methylene chloride-hexane, there resulted 0.334 g. of 
testosterone (I). From fractions 10-14 there was isolated, 
after two crystallizations from acetone-hexane, 0.079 g. of 
unknown epoxydiol (IX), m.p. 196-199", [a]Y +lo"  
(dioxane), +lo" (chloroform), A:::' 3.08 p (hydroxyl). 

Anal.  Calcd. for ClgHaoOa: C, 74.4i; H, 9.87. Found: C, 
75.32, H, 10.28. 

Acetylation of the epoxydiol (IX) (0.026 g.) in 0.2 ml. of 
pyridine B-ith 0.2 ml. of acetic anhydride a t  room tempera- 
ture overnight afforded after water precipitation, 0.029 g. of 
crystalline diacetate, m.p. 132-134". Recrystallization 
afforded 0.019 g., m.p. 134-135', [a]? +12" (chloroform), 
A:::' 5.75 p (acetate carbonyl), 8.04 p (C-0-C of acetate). 

Anal.  Calcd. for C2aH3405: C, 70.74; H, 8.78. Found: C, 
71.55; H, 8.67. 

iManganese dioxzde oxidation of the epoxydiol (IX) was 
attempted by dissolving 0.013 g. of I X  in 1.0 ml. of chloro- 
form and adding 0.033 g. of activated manganese dioxide.za 
After agitation of the mixture overnight a t  room tempera- 
ture, the manganese dioxide was removed by filtration and 
the filter cake was washed carefully with chloroform. The 
combined filtrates were concentrated to a crystalline residue, 
m.p. 194-199" which did not display any significant ultra- 
violet absorption in the 220-350 mp region. The crystalline 
product was identical with starting material by comparison 
of infrared spectra. 

A solution of 0.010 g. of IX in 1.0 ml. of acetone-hydro- 
chloric acid (99 parts acetone: 1 part concd. hydrochloric 
acid) was allowed to stand a t  room temperature overnight. 
Water was added and the acetone was removed by slow 
evaporation in a stream of air. There resulted 0.0055 g. 
of rosettes, m.p. 110-117", which moved as a single sFot 
(phosphomolybdic acid staining) in toluene-propylene 
glycol paper chromatography with Rf 0.06, whereas stait- 
ing material had Rf 0.14, and as a single spot in toluene- 
dioxane (78: 22) propylene glycol, Rf 0.19 whereas starting 
material had Rf 0.33. 

Anal. Calcd. for C19H3103Cl (Sample size 0.00166 g.): 
C1, 10.34. Found: C1, 7.43. 

Sodium bismuthate oxidation of IX was carried out by 
stirring a solution of 0.007 g .  of IX in 1.0 ml. of acetic acid 
and 1.0 ml. of water with 0.14 g. of sodium bismuthate over- 
night a t  room temperature. The insoluble material n-as re- 

(20)  0. Mancera, G. Rosenkranz, and F. Sondheimer, 
J .  Chem Soc., 2189 (1953); acetone mas substituted for 
methanol in the washing of the manganese dioxide. 

moved by filtration and a portion of the filtrate was ex- 
amined paper chromatographically in toluene-propylene 
glycol. The dried paper chromatogram was sprayed with a 
10% solution of phosphomolybdic acid in methanol and the 
chromatogram was then dried out 60-70" for 10-15 min. 
The product of reaction showed the presence of four com- 
pounds which stained, one of which was starting material, 
one slower-moving, and two faster-moving components. 

From fractions 17-25 there was isolated by crystalliza- 
tion from acetone-hexane 0.021 g. of crude 60-hydroxy- 
testosterone (VII), m.p. 185-205". The infrared spectrum was 
in reasonable agreement with that of the purer material 
isolated earlier. 

Pool B was partitioned over 60 g. of Chromosorb which 
had been treated with 60 ml. of propylene glycol saturated 
with toluene. The damp Chromosorb was then added slowly 
to the column which pas half full of toluene saturated with 
propylene glycol. Refined sand was added to rover the 
Chromosorb and the excess solvent was pushed out with 
nitrogen under slight pressure. Thereupon a solution of B 
in 10.0 ml. of toluene saturated with propylene glycol was 
added to the column and the liquid level was lon-ered to the 
surface of the sand by draining off excess toluene from the 
bottom of the column. The column mas then eluted with 
toluene saturated with propylene glycol and 20 ml. fractions 
were collerted. Recrystallization of fractions 5-7 from ether- 
hexane afforded 0.024 g. of 4-androstene-5,17-dione, (IT) m.p. 
160-167', whose infrared spectrum matched that of an 
authentic sample. 

Recrystallization of fractions 13-15 from ether-hexane 
gave 0.060 g. of testosterone (I), m.p. 150-152". 

Recrystallization of fractions 18 and 19 from acetone- 
ether-hexane yielded 0.046 g. of impure 60-hydroxy-4- 
andro~tene-5~17-dione fIV), m.p. 160-167", mp ( E  

= 8,400), alkaline ultraviolet$-typical 60-hydroxy-3-keto- 
&*-steroid pattern. The product had only ca. 65y0 of the 
expected ultraviolet intensity.6 However the nature of the 
saturated impurities could not be ascertained by staining 
the paper chromatogram. The only product spot had the 
same migration rate in toluene-propylene glycol as that of 
authentic 6p-hydroxy-4-androstene-3,17-dione. The infra- 
red spectrum of IV was very similar to that of authentic 60- 
hydroxy-4-androstene-3,17-dione. 

Recrystallization of fractions 21-24 from acetone- 
rther-hexane gave 0.045 g. of l&x-hydroxy-4-androstene- 
SJ17-d2Onf3, (V), m.p. 246-252', [a]y +166" (Chloroform), 
A,, 239 mp, ( E  = 15,700), At::' 2.94 p (hydroxyl), 
5.72 p (t7-carbonyl), 6.02 p (3-carbonyl), 6.20 p (A4).  

-4ttempted acetylation of V in acetic anhydride-pyridine 
at  room temperature gave only starting material. 

Comparison of V with an authentic sample of 14a-hy- 
droxy-4-androstene-3,li-dione, m.p. 257-260", [a]*: 4-171' 
(chloroform) kindly provided by Prof. E. Testa revealed 
that the two samples had superimposable infrared spectra. 

Recrystallization of fractions 36-46 from acetone-ether- 
hexane afforded 0.033 g. of 16P-hydroxytestosterone (VI), 
m.p. 179-182', [a]? + l O l '  (chloroform), +94" (dioxane), 
A ~ ~ ~ "  241 mp ( E  = 15,900), A::' 3.08 p (hydroxyl), 6.10 jc 

(3-ketone), 6 22 p ( A 4 )  (another polymorphic variety vas  
also observed). 

Anal. Calcd. for C19H2803: C, 74.96: ET, 9 27. Found: C, 
76.06: H, 9.71. 

Acetylation of VI in acetic anhydiide-pj lidme a t  room 
temperature overnight afforded a dzacetate, which after 
crystallization from acetone-hexane, melted a t  201-202.5", 
[a]g +88" (chloroform), 239 mp ( E  = 16,700), 
A:::' 5.78 p (acetate carbonyl), 6.02 p (3-carbonyl), 6.22 
p (A4),  7.92 and 8.10 p (C-0-C of acetate). 

Anal. Calcd. for C23H3206. 1/2CsH14: C, 72.35; H, 9.11 
Found: C, 72.53; H, 8.82. 

Sodium bismuthate oxzdation of VI was carried out with a 
solution of 0 002 g. of VI  in 0.2 ml. of acetic acid and 0.2 
ml. of water to which was added 0.020 g. of sodium bis- 

CHSOH 
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muthate. After overnight agitation a t  room temperature, 
the insoluble salts were removed by filtration and the fil- 
trate and washes were extracted with methylene chloride. 
Paper chromatographic examination of the ext,ract in 
toluene-propylene glycol showed that starting material was 
entirely consumed and that two, more polar, ultraviolet- 
absorbing products and one, less polar, ultraviolet-absorb- 
ing product were formed, 

A n  acelonide of VI waR prepared by dissolving 0.010 g. 
of VI in 9.9 ml. of acetone and 0.1 ml. of concd. hydro- 
chloric acid and allowing the reaction mixture to  stand at 
room temperature overnight. By water precipitation 0.009 
g. of the 16,17-acetonide of VI, m.p. 185-187', 
5.96 p (3-carbonyl), 6.16 p (A4), 8.00 p ( C - 0 4  of aceto- 
nide), was obtained. 

Pool R was chromatographed over 150 g. of Chromosorb 
W using the ethyl acetate-ligroin-methanol-water system 
described previously. 

Fractions 12-15, after crystallization from ether-acetone- 
hexane, afforded 0.035 g. of 16&hydroxytestosteroe (VZ), 
m.p. 175-180', and 0.029 g. of second crop VI, m.p. 165- 
175'. 

The mother liquors from fractions 12-15 and the main 
portion of fractions 17-19 contained mixtures which were 
further resolved. 

Chromatography of the mother liquors from 12-15 with a 
toluene-propylene glycol-Chromosorb W system afforded, 
from fractions 7 and 8, 0.081 g. of 16-ketotestosterone (111), 
m.p. 153-155', [a]? -54' (chloroform), Azo" 240 mp 
( e  = 16,600) (no shift in alkali), X z '  2.95 p (hydroxyl), 
5.70 p (&membered ring carbonyl), 5.98 p (3-carbonyl) 
6.18 p (A4). 

Acetylation of I11 (0.023 g.) in 0.2 ml. of pyridine and 
0.2 ml. of acetic anhydride a t  room temperature overnight 
gave, on water precipitation, 0.022 g. of acetate, m.p. 
194-197', [a]*: -44' (chloroform), XEty" 239 mp ( e  = 
17,000), XEzl 5.66 p (D-ring carbonyl), 5.74 p (acetate 
carbonyl), 6.02 p (3-carbonyl), 6.18 p (A4), 8.15 p (C-0-C 
of acetate). 

From fractions 11-14, on crystallization from acetone- 
hexane-ether, there was isolated 0.014 g. of 14a-hydroxy-4- 
androstene-J,17-dione, m.p. 236-244', identified by its 
infrared spectrum. 

From fractions 24-32 there was isolated, on crystalliza- 
tion from acetone-hexane, 0.062 g. of 16,9-hydroxytestos- 
lerone (VI), m.p. 179-180°, identified by infrared spectrum. 

Rechromatography of fractions 17-19 from Pool D in 
toluene-propylene glycol-Chromosorb W afforded in frac- 
tions 30-35, on crystallization from acetone-ether-hexane, 
0.014 g. of X (tentatively 4,1~-androsladiene-l2a,l7~-diol- 
&one), m.p. 166-168', [a]? -I-136" (chloroform), XEfioH 
239 mp ( e  = 16,400), A:::' 3.00 p (hydroxyl), 5.98 p (3-car- 
bonyl), 6.18 I* (A4). 

Acetylation of X in acetic anhydride-pyridine a t  room 
temperature afforded an acetate, m.p. 137-140' (with prior 
melting and resolidification 90-120'), A:::"' 5.74 p (acetate 
carbonyl), 5.96 p (&carbonyl), 6.18 p (A'). 

Qualitative sodium bismuthate reaction with X as described 
previously afforded paper chromatographic evidence (tol- 
uene-propylene glycol) for unchanged starting material 
alone. 

The N M R  spectrum of X, kindly measured with 2.0 mg. 
of substance by Dr. James Shoolery of Varian Associates, 
displayed the following significant bands [at 60 megacycles 
and with respect to  an internal tetramethylsilane standard 
( =O)]: 68 cps (18-methyl), 74 cps (19-methyl), multiplet 
223 cps (17crhydrogen), 265 cps (laphydrogen), triplet at 
329 cps (vinyl hydrogen a t  15- on a A14-unsaturation), 
345 cps (vinyl hydrogen a t  4-). The interpretation and 
assignments are by Dr. Shoolery. 

Recrystallization of Pool E from acetone-hexane gave 1.04 
g. of 16a-hydroxybstosterone (VIII), m.p. 183-187', [a]g 
+63' (dioxane), X z A  240 mp ( E  = 14,000) (no shift in 
alkali), A 2  2.95 p (hydroxyl), 3.18 p (associated hydroxyl), 
6.08 fi ,  (3-carbonyl), 6.22 (A4). 

Acetylation of 0.100 g. of VI11 in 1.0 ml. of pyridine and 
1.0 ml. of acetic anhydride on the steam bath for 1 hr. 
followed by overnight standing at room temperature af- 
forded, after water precipitation, 0.106 g. of the dimetate 
of VIII, m.p. 140-141'. Recrystallization from ether raised 
the melting point to 142-143', [ala. f 4 '  (chloroform), 
X,, 240 mp ( 6  = 16,400). The infrared spectrum of the 
diacetate of VI11 matched the spectrum of an authentic 
sample of 16~-hydroxytestosterone 16,174iacetate as 
measured by Mrs. Beatrice Gallagher.I6 

Qualitative sodium bismuthate degradation of VI11 as 
described previously showed some uncharged starting ma- 
terial, one, more polar, ultraviolet-absorbing product and 
two, less polar, ultraviolet-absorbing products in a toluene- 
propylene glycol chromatogram. 

Pools F and G showed the presence of six additional ultra- 
violet absorbing products more polar than 1'111, which were 
not further investigated. 

Fermentation of 4-androstene-S,li'-dione (11) with W. grami- 
nis. From the fermentation of 0.250 g. of I1 essentially as 
described for I, the ethyl acetate extracts were concentrated 
and the residue chromatographed on 50 g. of Florid. 
Elution with 10% ether-in-hexane through 50% ether- 
hexane afforded a series of testosterone (I), fractions totalling 
0.103 g. Recrystallization from ether-hexane afforded 
0.058 g., m.p. 144-147', whose infrared spectrum was 
identical with that of authentic testosterone. 

Elution was continued with ether, 50% ether-methylene 
chloride, methylene chloride, 1 % methanol-methylene 
chloride, and 5% methanol-methylene chloride. 

Rechromatography of the 5% methanol fractions over 
2.0 g. of Florisil afforded in the methylene chloride fractions 
0.003 g. of VIII, identical with that described previously 
by infrared comparison. 

No further studies were made with the intermediate 
fractions of the first column. A number of ultraviolet- 
absorbing transformation products were observed from the 
paper chromatographic analysis of the various fractions. 
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