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Summary-The fermentation of progesterone by Coiierotrichum anrirrhini SC 2144 was examined. Instead 
of I%-hydroxyprogesterone, the reported product, this fungus converted progesterone to androst-4-ene- 
3, I7-dione, androsta- 1,4-diene-3.17-dione, 14a-hydroxyandrosta-1,4-diene-3,17-dione, 1 Icc-hydroxy- 
oreen-4-ene-3.20-dione. 14r-hvdroxvnrezn-4-ene-3,20-dione, and a hitherto undescribed compound, 
i4ayhydroxypregna- 1.4-diene-j,20-d&e.- 

INTRODUCTION 

Microorganisms have long been recognised as im- 

portant means of achieving the regio- and 

stereospecific transformation of steroids [ 1,2]. In 
connection with other studies, we explored the utility 
of Colletotrichum antirrhini for the production of 
1 Sa-hydroxyprogesterone [3,4]. No 15c( -hydroxy me- 
tabolites were obtained; instead, a mixture of six 
products was consistently recovered, one of which, 
14a -hydroxypregna- 1,4-diene-3,20-dione (l), has not 
previously been described. The results of our experi- 
ments with C. antirrhini strain SC 2144 are now 

reported. 

EXPERIMENTAL 
Chemicals and instrumentation 

Chemicals and solvents were of analytical reagent 
grade. Progesterone, purchased from Sigma Chem- 
ical Co. (St Louis, MO), was judged to be > 99% pure 
by TLC [pre-coated plastic sheets: silica gel 60 F,,,, 
E. Merck A. G., Darmstadt, West Germany; ethyl 
acetate-benzene (4:1)] and by HPLC [silica gel col- 
umn: 25 cm x 4.6 mm i.d., Alltech Associates, 
Deerfield, IL; mobile phase, isooctane-isopropanol 
(19: l)]. Authentic samples of 15a-hydroxypregn- 
4-ene-3,20-dione and 14a-hydroxypregn-4-ene-3,20- 
dione were gifts of Drs J. C. Babcock and P. W. 
O’Connell (The Upjohn Co., Kalamazoo, MI). 
1 la-Hydroxypregn-4-ene-3,20-dione was obtained 
from E. R. Squibb & Sons (Princeton, NJ); androsta- 
1,4-diene-3,17-dione, from Steraloids, Inc. (Wilton, 
NH); and androst-4-ene-3,17-dione, from Nutritional 
Biochemicals Corp. (Cleveland, OH). 
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Pmr spectra were recorded on a Varian EM-390 

spectrometer at 90 MHz, in deuteriochloroform con- 
taining 1% TMS as internal standard. The spectrum 
of 14~ -hydroxyandrosta- 1,4-diene-3,17-dione was 
recorded in Unisol-d (Norell Chemical Co., Inc., 
Landisville, NJ). Mass spectra were recorded with a 
model 12-90G mass spectrometer equipped with a 
DA/CS 1.2 data analysis/control system (Nuclide 
Corp., State College, PA). 

Organism 

C. antirrhini strain SC 2144 was a gift of MS J. 
Goodman and Dr F. L. Weisenborn, Squibb Institute 
of Medical Research, Princeton, NJ. An as- 
porogenous culture was received on a medium con- 
taining, per 1 of distilled water: agar (20 g), D-ghCOSe 

(10 g), yeast extract (2.5 g), and K,HPO, (1 g). This 
mycelium was inoculated onto slants of nutrient agar 
and incubated at 23°C. The organism was maintained 
by biweekly transfers on nutrient agar slants. 

A subculture of the organism produced spores on 
2% (w/v) malt agar in a plastic Petri dish at 25°C 
under a regime of 12-h near ultraviolet (“black light”) 
and 12-h darkness (D. Brewer, pers. commun.). These 
spores agreed in shape and size with those of C. 
untirrhini [5]. An agar slant of the fungus, returned to 
Squibb for taxonomic verification, was reconfirmed 
as C. antirrhini strain SC 2144 (Dr F. L. Weisenborn, 
pers. commun.). 

Incubation conditions 

Submerged seed cultures (1.2 1) were grown in a 
medium containing, per liter of demineralised 
water: glucose (10 g), NH, H, PO, (3 g), CaCO, 
(2.5 g), cornsteep liquor (A.E. Staley Mfg. Co., Deca- 
tur, IL) [3.0 g], and Proflo oil (Traders Oil Mill Co., 
Ft Worth, TX) (2.2 ml). 

Biotransformations were performed in carboys 
containing 15 1 of the above medium, from which 
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glucose was omitted. Progesterone (5.5 g in 50 ml of 
95% ethanol) was added to each carboy immediately 
after autoclaving, the medium was vigourously 
stirred until it cooled to room temperature, and then 
inoculated with a submerged seed culture of C. 
antirrhini. Fermentations were allowed to proceed for 
5 days at 25°C with continuous stirring and aeration 
(8.5 I air min ‘). 

E,xtraction and isolation qf metabolites 

Mycelium were separated from the medium by 
centrifugation, and both were extracted with chloro- 
form. Combined extracts were dried (Na,SO,) and 
evaporated in L’UCUO. The crude residue (ca. 7.5 g per 
carboy) was fractionated on a column of acid-washed 
alumina (4 x 50 cm) packed in benzene. The column 
was eluted with ethyl acetate-benzene (4: l), and 
fractions (200 ml) were collected. Progesterone was 
eluted in fractions 2-5, and progesterone metabolites 
were eluted in fractions 6625. Appropriate fractions 
were combined and purified by TLC (silica gel 60 

HF Z54+36hr E. Merck A. G.; ethyl acetate-benzene 
(4: l)]. The various bands were eluted with methanol. 
Homogeneous compounds were brought to dryness 
by rotary evaporation at room temperature, weighed, 
and crystallised. Except for (l), the characterisation 
of which is described in the following section, recov- 
ered metabolites were identified by comparison with 
authentic samples (m.p., u.v., ir., p.m.r.). 

RESULTS AND DISCUSSION 

About 210/b of the incubated progesterone was 
transformed, and the metabolites were recovered. 
1 la- and 14~-Hydroxypregn-4-ene-3,20-dione were 
usually the predominant products, averaging 9 and 
11% by weight, respectively, of the added pro- 
gesterone. Other products, constituting ca. 8% by 
weight of added progesterone, were androsta- 1,4- 
diene-3,17-dione, 142 -hydroxyandrosta- 1,4-diene- 
3,17-dione, androst-4-ene-3, I7-dione, and the hith- 
erto unrecognised metabolite, 14~-hydroxypregna- 
1,4-diene-3,20-dione (1). 

Compound (1) showed a m.p. 215-220 C (de- 
camp.); i.r.: vma, 3610 (free -OH), 3450 (hydrogen- 
bonded -OH), 1695 (satd C=O), 1655 (conj. C=O), 
1610 (conj. double bond), 1095 (C-O stretch); u.v.: 
j.:,:” 242nm (loga4.18); p.m.r.: 60.8 (13fl--CH,,s), 
1.24 (IO/I-CH,,s), 2.1 (20-CH,,s). 3.2 (17cr--H.t, 

J=9Hz), 6.1 (C--4,lH,s), 6.25 (C--2,lH,dd,J,= 
3 Hz,J, = 9 Hz), 7.09 (C-l,lH,d,J = 10.5 Hz); ms; 
m/e 328 (M+, ll.Sg~;), 310 (M+-H,O, 3.9%). 

The observed downfield shift of the 17c(-H signal 
from its normal position at ca. 62.5 to 63.2 is 
consistent with the deshielding effect of a 
14a-hydroxyl group. Oxidation of (1) with Jones’ 
reagent [6, 71 failed to give a qclopentyl ketone, 
instead yielding the 14,15-olefin. From these data, (1) 
was assigned the structure 14a-hydroxypregna- 
1,4-diene-3,20-dione. 

Confirmation of this assignment was obtained by 

selective hydrogenation of the 1,2-double bond [8] to 
yield 14%-hydroxyprogesterone. A solution of (1) 

(20 m) and Tris-(triphenylphosphine)chloro- 
rhodium (10 mg) in ethyl acetate-benzene (1: 1) (5 ml) 
was stirred in an atmosphere of hydrogen (8 h). The 
solvent was removed, the residue taken up in diethyl 
ether, and filtered through a short column of silica 
gel. The eluate was concentrated in c)acuo, fraction- 
ated by TLC [silica gel, hexane-ethyl acetate (1: l)]. 

and the product recovered and crystallised (ethyl 
acetate). The TLC and p.m.r. spectrum of the prod- 
uct were identical with that of authentic 

14a-hydroxyprogesterone. 

The strain of C. antirrhini employed by us was 
direct. unselected descendant of the organism used by 
Fried et a1.[3,4] (Dr W. H. Trejo, pers. commun.); yet 
no 15n-hydroxymetabolites were recovered. The 
differences between the progesterone transformation 
products obtained in our fermentations and those 

reported by the earlier workers are ascribed to the 

genetic and metabolic changes that have occurred 

during some 25-30 years of maintenance of the 

fungus in the stock culture collection of the donor 

laboratory [cf. 9- 121. 
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