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In synthesizing cor t icos tero ids  containing methyl groups on carbon atoms 16 and 17, we have studied 
a microbiological  method of hydroxylating 16~,17a-dimethylprogesterone (I)[1]. For  this purpose we in- 
vestigated the s t ra in  of Rhizopus nigricans VNIKhFI-7 used previously in the 11c~-hydroxylation of p roges -  
terone [2, 3] and of 16~-methylproges terone [4]. The optimum conditions for the cultivation of this fungus 
and the t ransformat ion  of s teroids have been selected [5]. 
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On performing the t ransformat ion  of 16c~, 17a-dimethylproges terone under the optimum conditions 
found for proges terone and for  16~-methylprogesterone,  it was established that the rate of 11~-hydroxyla-  
tion depends on the presence  of methyl groups in ring D. It decreases  in the following sequence: p roges-  
terone ~ 16~-methylprogesterone --  16~ ,17~-dimethylprogesterone.  This is possibly connected with the 
increase  in the hydrophobic proper t ies  of the s teroids .  

By the hydroxylation of (I) and chromatography on A1203 we isolated 11~-hydroxy-16~,17~-dimethyl -  
proges terone  (II) with a yield of 61%. Its s t ructure  was established spectroscopical ly .  In its IR spectrum, 
a band charac te r i s t i c  for the hydroxy group and absent f rom the spec t rum of the initial compound (I) ap- 
peared at 3490 cm -1. The NMR spect rum of compound (II) showed singlets of protons of angular methyl 
groups at 0.72 and 1.01 ppm; a doublet of protons of the C16 methyl group at 0.84 ppm and a singlet of the 
protons of the C17 methyl group at 1.26 ppm; a singlet of the COCH 3 group at C21 , 2.06 ppm; and a singlet 
of the proton at C 4 - 5.67 ppm. The chemical  shift of the proton at a hydroxy group - 3.99 ppm - shows 
that hydroxylation took place at Ctl, since according to l i tera ture  [6],shifts in the 4 .3-4.4-ppm regions are 
observed for  protons on the 6~, 6fl, 11~, and 15a carbon a toms ,a  shift of 3.58 ppm for the 7~ position, and 
one of 4.05 ppm for  the llfl  proton. The signal of the proton at Cll appears in the form of a broad multiplet 
(half-width 12 Hz) due to two large diaxial interactions (C 9 and C12 , J 10 Hz) and a small axial-equatorial  
interact ion (Ci2, J 5 Hz) [6]. The nature of the splitting of this signal confirms the axial positions of the 
proton at Cll and, correspondingly,  the equatorial  position of the hydroxy group (11~). 

E X P E R I M E N T A L  

The NM:R spec t ra  were taken on a JNM-4H-100/100 MHz instrument  (in CDC13 with tetramethylsi lane 
as standard); the UV spec t ra  were taken in 96% ethanol; the IR spect ra  were recorded in the form of mulls 
in paraffin oil; and the specific rotations (c 1) were determined in chloroform.  

The microbiological  p rocess  consisted in the growing of the culture and the stage of t ransforming 
the steroid.  The culture was maintained on wort agar .  The mycel ium was grown on a synthetic medium 
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with the following composition (~): glucose - 1, ammonium nitrate - 0.3, monopotassium phosphate - 0.3, 
magnesium sulfate - 0.1. The pH of the medium was 5.0. 

Flasks with a capacity of 750 ml each containing 100 ml of the medium were inoculated with 2 ml of 
the aqueous suspension of fungal spores .  The growth of the mycel ium and the t ransformat ion process  were 
per formed on a shaking machine at 28°C. The t ransformat ion was performed with 24-hour mycel iumwashed 
free f rom medium in a 0.5% solution of glucose, pH 5.0. Each of 17 flasks was charged with 90 mg of p re -  
viously ground 16a ,17a-dimethylproges terone  (total amount 1.53 g; part icle size 6 #) and a 0.005% solution 
of Tween 80. The t ransformat ion  process  lasted 48 h. 

The course of the t ransformat ion was monitored by paper chromatography,  for  which purpose the 
product f rom 10 ml of the culture liquid was twice extracted with 20 ml of chloroform. The ext rac t  was 
concentrated and the s teroids were separated in the heptane-e thyl  a c e t a t e - m e t h a n o l - w a t e r  (2.5 • 2.5 : 4 : 1) 
system.  Quantitative determinations of the s teroids were performed spectrophotometr ical ly  on an SF-4 
instrument.  Accordiug to quantitative chromatography,  the chloroform extract  contained 14-16% of the ini- 
tial (I), 61-68% of 11a-hydroxy-16a ,17a-d imethy lproges te rone ,  and 7-8~ of dihydroxy compound. 

The steroid was extracted f rom the culture liquid with chloroform three times, and after the chloro-  
form extract  had been evaporated to dryness  a residue was obtained (1.73 g of resinous solid) which 
was dissolved in 15 ml of benzene and t r an s f e r r ed  to a column containing 80 g of alumina (activity 
grade l'i). Elution was per formed with mixtures  of benzene and ether with gradually increasing con- 
centrat ions of ether.  The fract ions were examined by chromatography on Silufol plates in the ben- 
z e n e - m e t h a n o l  (20:1.5) sys tem.  The corresponding fract ions of the eluate were distilled in vacuum, 
giving success ively  0.3 g (15%) of the initial (I), 0.98 g (61%) of the 11~ -hydroxy compound (II), and 0.3 g 
of a mixture of (II) and a dihydroxy compound the s t ructure  of which is being determined. The l l a  -hydroxy-  
16a,Wo~-dimethylprogesterone, C23H3403, had mp 185-187°C (methylene chloride, ether), [~]~ +73 °, ~max 
242 nm (log e 4.187). IR spectrum, cm- l :  3490 (OH), 1696 and 1665 (CO and C = C - C O ) ,  and 1615 (C=C). 
NMR spectrum, ppm: 0.72 (18-CH3) , 1.01 (19-CH3), 0.84 J 7.5 Hz (16-CH3) , 1.26 (17-CH3), 2.05 (COCH3), 
5.67 (4--H) and 3.99 J 12 Hz (] l--H).  

S U M M A R Y  

1, The l l~-hydroxyla t ion  of 16~,17~-dimethylprogesterone has been effected by the strain of Rhizopus 
nigricans VNIKhFI-7 with a yield of hydroxy derivative of 61~0. 

i .  In the t ransformat ion an unidentified dihydroxy compound is formed together with the 11~-hydroxy- 
16~, 17~-dimethylp roge sterone.  
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