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As shown previous ly  [1], a cul ture of Act inomyces roseochromogenus  ATCC 3347 reduces  the 20-oxo group of 
s teroids  of the pregnane se r ies  having an oxygen substi tuent in the 17~-posit ion.  In addition, this organism 
hydroxylates (in the 15~-position) 17-deoxypregnane s teroids and some cort icoids [2]. 

We have suggested that a 17~-oxygen function is necessa ry  for the achievement  of the reduct ion.  This is 
connected with the poss ibi l i ty  of the format ion of an enzyme-subs t r a t e  complex by means  of which the conformation of 
the side chain of the s teroid becomes favorable for the reduction of the 20-oxo group with the format ion of a 20~- 
alcohol [3] .  

For  a fur ther  elucidation of the role of the 17~-oxygen subst i tuent  in the fermenta t ion  of s teroids  with a cul ture of 
A. roseoehromogenus  it was necessa ry  to establ ish whether this subst i tuent  could be replaced by others without this 
rep lacement  affecting the p rocess  of reduct ion of the 20-oxo group and whether reduct ion could take place in the 
absence of a 17-oxygen substi tuent with a stable conformation of the side chain favorable for reduction.  T h i s  paper  
gives the r e su l t s  of a considerat ion of these questions.  

The fermenta t ion  of 17~-hydroxyprogesterone acetate (I) with a cul ture of A. roseochromogenus did not lead to 
a reduct ion of the 20-oxo group which, it would appear ,  indicates  the necess i ty  for the presence  of a f ree  hydroxyl 
group. But, here  the factor  of the s te r ic  h indrance of the carbonyl  group possibly plays a part ,  s ince Wada Shun-yo 
[4] was unable to reduce the 20-carbonyl  group in compound I with sodium borohydride.  

As a subs t ra te  having no oxygen at C-17 we took 17~-methylproges terone  (II), which we obtained by Deghenghi 's  
method [5] f rom 3fi-hydroxypregna-5,  16-dien-20-one acetate.  There  is no informat ion in the l i t e ra tu re  on the 
predominant  conformation of the side chain in compound II. However, Kardis  [6], on the bas is  of the chemical  shift 
of the C-19 angular  methyl group in the NMR spectrum of II, suggested that the conformation of its side chain differs 
f rom that of the side chain of proges terone  (Bt*) [7]. Since it is  known that a change in the conformation takes place 
more  eas i ly  f rom B 1 to A2 [7], it may be assumed that the side chain of 17(~-methylprogesterone (Ii) predominant ly  
possesses  a conformation of type A. 

In order  to es tabl ish  the predominant  conformation of the side chain, 17~-methylproges teron~ (II) was reduced 
with sodium borohydride.  Reduction of both the 20-carbonyl  and of the 3-oxo groups took place.  In spite of the general  
ru le  [8] the conjugated 3-oxo group was reduced f i r s t ,  as was c lear ly  seen f rom the format ion of the in termedia te  III 
which did not absorb in UV light, and had R f  0.46 (for II R f  0.45, and for IV Rf  0.37). The oxidation of the 
te t rahydro  der ivat ive  IV with manganese  dioxide [9] led to the ketol V, the s t ruc ture  of which was shown by the IR and 
mass  spect ra  of the ketol i tself  and of its acetate VI. The configuration of the hydroxyl group in V was establ ished on t 
the bas is  of tlhe inc rement  in the molecular  rota t ion on acetylat ion.  Since the la t ter  proved to be posit ive (RM D = +145°), 
the 20-hydroxy group was ascr ibed  the f l -configurat ion [10] and compound V was ascr ibed  the s t ruc ture  of 20fi- 
hydroxy-17~--methylpregn-4-en-3-one .  The formation of the 20fi- alcohol on the reduct ion of ]7~-methy lp roges te rone  
(II) indicates  that i ts  side chain exists  in a conformation of the B type [7]. 

*According to Rakhit and Engel, in the reduct ion of 20-oxosteroids with complex metal  hydrides the B 1 and B 2 
conformations of the side chains favor the format ion of the 20~-alcohol  and the A 1 and A 2 conformations the 
format ion  of the 20c~-alcohol. 
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In the fe rmenta t ion  of 17a-methylproges te rone  (II) with a cul ture  of A. roseochromo~enus~ a smal l  yield of a 
substance VII, more  polar  than the s tar t ing  mater ia l ,  was obtained. The molecu la r  weight of VII was 16 units g rea te r  
than II. This shows that VII contains an additional oxygen atom as compared with 17a-methylproges terone  (II). The 
mass  spect rum of compound VII had peaks with m / e  301 and 283, which shows the split t ing off of the side chain in the 
form of the unreduced methyl ketone. A peak with m / e  124 (fragment a, figure) is charac te r i s t ic  for  a 14-3-oxo 
grouping [11]. 
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The posit ion of the hydroxyl group was de termined on the basis  of the p resence  in the mass  spectrum of peaks 
with m / e  231 and 244 (fragments b and c, f igure),  which excludes the possibi l i ty  of the presence  of the hydroxyl group 
in any posit ion other than 16. The negative value of the increment  in the molecular  rotat ion [AMD[(16-OH ) - (16-H)] = 
= - 111 ~} shows the a -conf igura t ion  of the hydroxyl group at C-16 [12]. These resu l t s  permi t  compound VII to be 
ass igned the s t ruc ture  of 16-hydroxy-17a-methy lp regn-4-ene-3 ,  20-dione. 

It must  be noted that in the IR spectrum of compound VII the absorpt ion bands corresponding to the 20- and the 
3-oxo groups a re  not separated.  

As a 17-deoxypregnene in which the side chain was a r ranged  in a conformation favorable for the format ion of the 
20a-alcohol ,  we selected 16fi-methylprogesterone (XVIII), which we obtained f rom 3fi-hydroxypregna-5,  16-dien-20-  
one by WettsteinYs method [13]. The bas i s  for this select ion was the fact that, according to the resu l t s  of NMR [14], 
optical rota tory d i spers ion  [15], and conformational  analys is  [16], the side chain in 5f l -methyl -subs t i tu ted  
pregnanes  has a conformation favorable to the format ion of 20a-a lcohols  on reduction, i . e . ,  a conformation of type A. 
This has been conformed exper imental ly  by tClyne [17] by the reduct ion of 16fl-methylpregnan-20-one with l i thium 
a luminum hydride. 

When 16~-methylproges terone  (VIII) was fermented with a cul ture of A. roseochromogenus,  no format ion of 
20-dihydro der ivat ives  of this subst ra te  was observed. The substances formed in this fe rmenta t ion  in t race  amounts 
possessed  a considerably  lower chromatographic mobil i ty than the 16f i -methylpregn-4-ene-3~,  20~-diol obtained by 
the reduction of VIII with l i thium aluminum hydride.  

Until now, we have considered the action of a culture of A. roseochromogenus  on 17fi-pregnane derivat ives.  As 
a representa t ive  of the 17-iso der ivat ives  we selected 17f i -hydroxy-17a-proges terone  (IX), which is formed by the 
hydrat ion of ethynyltestosterone by Amia rd ' s  method [18]. This  subst ra te  was selected because it is an i somer  of 
17a-hydroxyprogesterone,  the subst ra te  which is most  act ively reduced by a culture of A. roseochromogenus.  The 
fe rmenta t ion  of 17f i -hydroxy-17a-proges terone  (IX) with a cul ture  of A. roseochromogenus  gave substance X, 
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chromatograph ica l ly  l ess  mobile  than the ini t ial  ketone (IX). The IR spec t rum of X contained absorpt ion bands 
cha rac t e r i s t i c  for  a A4-3-oxo grouping and hydroxyl groups,  and the absorpt ion band of a 20-oxo group was absent.  The 
mass  spec t rum showed that X consis ts  of a dihydro der iva t ive  of IX. F r o m  this it can be seen that compound X is 

nothing other  than 17/3 ,20-dihydroxy-17o!-pregn-4-en-3-one .  
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The reduct ion of IX with sodium borohydride in methanol  gave compound XII, the IR spec t rum of which showed 
the absence of carbonyl groups and the p re sence  of hydroxyl groups.  The mass  spec t rum conf i rmed that XII is a 
t e t r ahydro  der iva t ive  of IX. The oxidation of XII with magnes ium dioxide gave a mix ture  of the diolone X and andros t -  
4 -ene -3 ,  17-dione (XIII). The behavior  of the androstenedione was not unexpected s ince the spli t t ing out of the side 
chain under the action of manganese  dioxide on 17 ,20-glycols  in a number  of der iva t ives  of ]7f i -pregnane  has been 
repor t ed  prev ious ly  [19]. However ,  in the p re sen t  case ,  i . e . ,  in the case  of the glycol of the 17-iso s e r i e s ,  the 
format ion  of the 17-oxostero ids  took place considerably  more  readi ly  and with twice the yield. 

The IR spec t ra ,  taken in the c rys ta l l ine  s tate ,  of samples  of X isolated by chemica l  and by microb io log ica l  
reduct ion differed in the posi t ion of the absorpt ion bands of the main function groups and in the i r  f ingerpr in t s .  The 
samples  also had different  mel t ing points.  Never the less ,  the IR spec t ra  of the samples  in solution were  identical ,  
and so were  the i r  m a s s  spect ra .  The two samples  had the same chromatographic  mobil i ty,  and mix tures  of them gave 
no depress ion  of the mel t ing points.  Thus,  the chemica l  and microbio log ica l  reduct ions of 17f i -hydroxy-17~-  
p roges t e rone  (IX) give the same product ,  namely the 20-dihydro der iva t ive  IX. 

The configurat ion of the hydroxyl  group at C-20 of X was suggested on the bas is  of the following considerat ions:  
1. The fea tu res  of the IR spec t rum of X, taken in CC14, show the p r e s e n c e  of an in t r amolecu la r  hydrogen bond in the 
substance.  F r o m  a cons idera t ion  of the molecu la r  models  of the two ep imer i c  17fl, 2 0 - d i h y d r o x y - 1 7 a - p r e g n - 4 - e n - 3 -  
ones it can be seen that in the 20~-alcohol  (S-configuration) a hydrogen bond can be fo rmed  between the hydroxy group 
at C-17 and C--20 without difficulty. In the 20/3- alcohol (R-configuration) the format ion  of an in t r amolecu la r  hydrogen 
bond would dis turb the in teract ion between the C-21 methyl  group and the axial hydrogen a toms at C-12 and C-14. 

2. The reduct ion of 5a,  17a -p regnan-20-one  with sodium borohydride in isopropanol  gave the 20a-a lcohol  as the 
main product  [20]. Since the reduct ion conditions a re  s im i l a r  to those which we used and since under these conditions a 
17-hydroxy group should have no influence on the s t e reod i rec t iv i ty  of the reduct ion of the 20-oxo group, it may be 
cons idered  that in the case  of the reduct ion of 17 f i -hydroxy-17a -p roges t e rone  (IX) we l ikewise obtained the 20a- (S- )  

alc ohol. 

A f inal  decis ion on the configuration of the hydroxyl group was made af te r  de termining the absolute configuration 
of the a s y m m e t r i c  cen te r  at C-20 by Horeau ' s  method [21], which is based on the es te r f f ica t ion  of secondary  
hydroxyl groups with the anhydride of r a e e m i c  o~-phenylbutyric acid. Under these conditions the ( - ) - R - a c i d  r eac t s  
with the R-a lcohol  and the (+)-S-acid r eac t s  with the S-alcohol ,  and f rom the sign of the rotat ion of the acid remain ing  
in excess  it is  poss ib le  to deduce the absolute configurat ion of the alcohol reac t ing .  The acid isolated in the 
es te r i f i ca t ion  of X with the anhydride of r a c e m i c  a - b u t y r i c  acid had a negative rotation,  which cor responds  to the 
S-conf igurat ion of the alcohol.  On the bas is  of what has been said above, compound X was asc r ibed  the s t ruc tu re  of 

17 fi, 20o~ - d ihydroxypregn-4-  en- 3 - one. 

By combining Wettstein's results [13] and those of the present communication it may be stated that a predominant 

conformation of the side chain favorable for the formation of a 20(~- alcohol is still not sufficient for the reduction of 
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the 20-oxopregnanes by a cul ture of A. roseochromogenus .  This was shown in the case  of fe rmenta t ion  with 16/3- 
methylproges te rone  (VIII). A neces sa ry  condition for  the pe r fo rmance  of the reduction is the p re sence  in posit ion 17 of 
the s tero id  molecule  of a substituent which is ,  possibly,  respons ib le  fo r  the format ion of the enzyme-subs t r a t e  
complex.  Just  such a substituent will  be a f ree  hydroxy group or an epoxy group. In subs t ra tes  with a conformation of 
the side chain unfavorable for the format ion  of a 20ce-alcohol but having a 17-oxygen function, reduct ion does take place 
and during it the conformation of the side chain apparent ly  changes into a conformation favorable  for  the format ion  of 
the 20ce-alcohol. 

The invers ion of the configuration of the hydroxyl group and of the side chain at C-17 prevents  the reduct ion of 
the 20-oxo group. 

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

Before  analysis ,  the samples  were  dr ied  at 100 ° C in vacuum (1 mm Hg) for 6 hr. If the conditions of 
exposure  a re  not desc r ibed  specif ical ly ,  the IR spect ra  were  r ecorded  on a UR-10 spec t rophotometer  (mull with 
paraff in oi l ) .  The specific rotat ions were  determined in ch loroform at 20 ° C. The mass  spect ra  were  obtained on a 
MKh-1303 ins t rument .  The molecu la r  weights ( tool  wt) were  determined by mass  spec t romet ry .  

Chromatography.  P la tes  with a fixed l ayer  of type KSK s i l ica  gel were  p repa red  by a published method [22]. The 
spots of the s teroids  on the alumina were  r evea led  by UV light and iodine vapor,  and those on a fixed layer  of s i l ica  
gel by spraying the ch romatograms  with H2SO 4 followed by heating them or by spraying with Lugol 's  solution. 

Cultivation of the seed mate r i a l .  100 ml of nutrient  medium containing 10 g of s tarch,  2 g of (NHt) 2SO4, 1 g of 
MgSO4, 1 g of NaC1, 1 g of K2HPO 4, and 3 g of CaCO 3 per  l i t e r  of t ap -wa te r  (pH 7.0) were  inoculated with the ae r i a l  
mycel ium of Act inomyces  roseochromogenus  f rom an agar  slope, and the organism was cult ivated under aerobic  
conditions on a ro t a ry  shaking machine (200 rpm) at 28 ° C for  72 hr.  

Fermentation of Act inomyces  roseochromogenus  ATCC 3347 with s te ro ids .  F lasks  each containing 100 ml  of 
nutrient  medium of the composit ion descr ibed  were  inoculated with the seed ma te r i a l  obtained (10 ml  each) ,  and the 
cul tures  were  grown for  a day under the conditions descr ibed.  Then a solution of a s teroid  in 0.5 ml  of ethanol was 
added to each flask. After  the end of the fe rmenta t ion ,  the mycel ium was f i l t e red  off and washed with hot water ,  and 
the f i l t ra te  and the wash-wate r s  were  combined and ext rac ted  with methylene chlor ide.  The ext rac t  was dr ied  over  
magnes ium sulfate and evaporated to dryness .  The fermenta t ion  products  were  ext rac ted  f rom the res idue ,  or the i r  
composi t ion was de te rmined  chromatographica l ly .  

Fermentation of 17ot-hydroxyprogesterone acetate (I). A cul ture  of A. roseochromogenus  was fe rmented  with 14 
mg of I for  72 hr,  5 -ml  samples  being taken af ter  every  24 hr.  Af te r  the usual t r ea tment  of the samples ,  the res idue  
obtained was chromatographed on s i l ica  gel (e ther ) .  The chromatography of samples  taken during the 3 days of the 
fe rmenta t ion  showed that only the init ial  substance I was p resen t  in the cul ture  liquid. 

Reduction of 17c~-methylprogesterone (II) with sodium borohydride. With s t i r r ing ,  15 mg of 87% sodium 
borohydride was added to a solution of 70 mg of II (mp 136-1390 C, [(~]D +110°) in 18 ml  of methanol.  The react ion 
mixture  was s t i r r ed  with cooling for  another  4.5 hr  and then at room t empera tu re  for another 2.5 hr. Af ter  each hour 
a fu r the r  10 mg of sodium borohydride was added to the reac t ion  mixture .  At the end of the react ion ,  a few drops of 
g lacia l  acet ic  acid were  added and then the methanol  was evaporated off until a prec ip i ta te  began to fo rm,  and 30 ml 
of water  was added. The prec ip i ta te  was ext rac ted  with ch loroform (3 × 30 ml),  and the extract  was washed with 5% 
sodium bicarbonate  solution and then with water  to neutral i ty ,  and was dried over  magnes ium sulfate for  18 hr .  It 
was found by th in - l aye r  chromatography [s i l ica  gel, b enzene -ace tone  (6 : 1) ] that during i ts  standing in ch loroform 
solution the product of the reduction of IV (Rf  0.37) was conver ted  to a considerable  extent into a less  polar  substance 
(Rf 0.68). Evaporat ion of the ch loroform exi rac t  to dryness  yielded 71 mg of a co lo r l e s s  oil. Th in - l aye r  p repa ra t ive  
chromatography on alumina (neutral,  act ivi ty  grade IB, ether) gave 35 mg of the sl ightly contaminated diol IV, which 
was reehromatographed  under the same conditions,  giving 22.8 mg of chromatographica l ly  homogeneous 17c~- 
me thy lp regn-4 -ene -3 ,  20-diol (IV). 

Preparation of 20 /3 -hydroxy-17~-methy lp regn-4-en-3 -one  (V).  A solution of 22.8 mg of the diol IV in 7 ml of 
absolute benzene was s t i r r ed  at room t e m p e r a t u r e  while 200 mg of act ivated manganese dioxide [9] was added. The 
mixture  was s t i r r ed  for  another 2 hr,  the manganese dioxide was f i l t e red  off and washed on the f i l t e r  with benzene,  
and the benzene solutions were  evaporated to d ryness  in vacuum. This gave 20.3 mg of an oily product  which 
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crys ta l l i zed  on being t rea ted with ether.  Th in - l aye r  chromatography on alumina (neutral ,  activity grade III, ethyl 
acetate) twice f inal ly yielded 11.6 mg of substance V with mp 144-147 ° C. An analytical  sample prepared  by 
c rys ta l l i za t ion  from ether had mp 147.-148.5 ° C, [a]D +56.3° (c 0.72) ; IR spectrum,  Cm-l: 3495 (OH), 1615 and 1666 
(A4-3-CO); mol wt 330. 

P repa ra t ion  of 20 f l -hydroxy-17a -me thy lp regn-4 -en -3 -one  acetate (VI). A solution of 5 mg of the ketol V in a 
mixture  of 0.1 ml  of absolute pyridine and 0.05 ml  of acetic anhydride was left at room tempera tu re  for 18 hr  and was 
then evaporated in vacuum. This gave 6.5 mg of VI with mp 164-166" C; [aiD +88.8* (c 1.08) ; IR spect rum,  cm- l :  
1725 (CO of an acetate),  1620 and 1677 (A4-3-CO) ; mol wt 372. 

Fe rmen ta t ion  of 17a-methylproges te rone  (II). To each of 15 f lasks of a stock cul ture of A.. r ° s e ° c h r ° m ° g  enus 
was added 10 mg of II and fe rmenta t ion  was ca r r i ed  out for 72 hr.  After extract ion (4 x 400 ml) and dis t i l la t ion of the 
solvent,  220 mg of a yellow oil was left; this was t rea ted with ether and the insoluble mat te r  was f i l tered off. This 
was an amorphous substance which, according to th in - l ayer  chromatography on alumina (activity grade II, ethyl 
acetate) contained main ly  the ini t ia l  ketone II (Rf 0.84) with a smal l  amount of substance VII (Rf 0.46). By th in - layer  
p repara t ive  chromatography on a lumina (activity grade II, ethyl aceta te) ,  10 mg of VII was isolated which, af ter  
c rys ta l l i za t ion  f rom ethyl acetate,  had mp 194-197" C, [a]D +72.7* (c 0.52) ; IR spect rum,  em- l :  3457 (OH), 1616 and 
1677 (broad band) (&4-3-CO, 20-CO); mol wt 344. 

Reduction of 16/3-methylprogesterone (VIII) with l i thium aluminum hydride.  A solution of 2 mg of VIII (rap 207- 
209* C, [a]D +132.6*) in 1 ml  of a mixture  of absolute benzene and ether (1 : 1) was t reated with 3 mg of l i thium 
a luminum hydride and the react ion mixture  was boiled for 3 hr ,  after  which a few drops of water  was added, and the 
organic layer  was separated off and evaporated to dryness .  Chromatography of the res idue on s i l ica  gel (benzene-  
ether  (1 : 1)) showed the presence  of the ini t ia l  compound (VIII) and of two more polar  substances  (XIV and XV) (table). 

Resul ts  of a Chromatographic Comparison of the Substances 
Obtained by the Reduction and by the Fe rmen ta t ion  of 16p- 

Methylprogesterone (VIII) 

Reaction 
Treatment . product 

I 
Reduction with I X IV 

LiAIH4 / XV 

Fermentation with XV[ 
A. roseochromogenus XVII 

*Isonicotinic acid hydrazide. 

Absorption Color reaction 
/~f in UV 

[ light I I N A H *  J Lugol's solution 

0 . 3 5  - -  - -  

0 . 2 5  

0 . 2 0  - -  - -  

0 . 1 3  T + 

Blue 
White 

Blue 

Fermen ta t ion  of 16f l -methylprogesterone (VIII). To a f lask containing a stock cul ture  of A. roseochromogenus 
was added 10 mg of VIII, and fe rmenta t ion  was ca r r i ed  out for 72 h. After extract ion (3 x 40 ml) and evaporat ion of 
the solvent, an oily res idue was obtained, the chromatography of which in a thin layer  of s i l ica  gel [benzene-e the r  
(1 : 1) ] showed the p re sence  of the ini t ia l  substance VIII (Rf 0.55) and t r ace  amounts of two more  polar  fe rmenta t ion  
products  (XVI and X'VII, see table). 

Fe rmen ta t i on  of 17/3-hydroxy-17ot-progesterone (IX). To each of 20 f lasks containing the stock cul ture  of 
A. roseoch _romogenus was added 10 mg of IX (mp 193-196 ° C, [~]D +60°) , and fermenta t ion  was ca r r i ed  out for 72 hr.  
After  extract ion (4 x 400 ml) and evaporat ion of the solvent, 230 ml of a yellow oil was obtained which c rys ta l l i zed  on 
t r i tu ra t ion  with ether .  The precipi ta te  was f i l te red  off and washed with ether,  giving 150 mg of a substance 
consist ing,  according to th in - l ayer  chromatography (sil ica gel, ether) of the s tar t ing ma te r i a l  IX and the fe rmenta t ion  
product X. After two crys ta l l iza t ions  from ethyl acetate,  70 mg of 17 /3 ,20a -d ihydroxy-17~-pregn-4 -en-3 -one  (X) 
with mp 165-167 ° C was obtained. An analyt ical  sample of X obtained by rec rys ta l l i za t ion  f rom ethyl acetate containing 
a smal l  amount of methanol had mp 169.5-171.5 ° C; [c~] D +70.4 ° (c 0.667) ; IR spectrum,  cm -~ 3485, 3448 (OH), 1624, 
1643, and 1677 (&4-3-CO) ; IR spectrum (c 2.83 • 10-3M), em-l :  3636, 3565 (OH, in t ramolecu la r  hydrogen bond), 1622 
and 1680; mol wt 332. 

Acetylat ion of 17 /3 ,20~-d ihydroxy-17~-pregn-4-en-3-one  (X) . The mi l l i g r ams  of the diol X was acetylated 
under  the conditions descr ibed for VI, and the product  was c rys ta l l i zed  from ethyl acetate,  giving 7.6 mg of the 20- 
acetate of 17fi, 20~, 17(~-pregn-4-en-3-one (XI) with mp 207-210 ° C, [~]D +52° (c 0.40); IR spect rum (in a tablet of 
KBr) ,  cm- l :  3584, (OH), 1728 (CO of an acetate),  1614 and 1666 (&4-3-CO); mol wt 374. 
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Reduction of 17fl-hydroxy-17o~-progesterone (IX) with sodium borohydride.  With s t i r r ing  and cooling to - 20  ° C, 
212 mg of 87% sodium borohydr idewere  addedto a solution of 300 mg of IX in 35 rnl of methanol.  Then the 
tempera ture  was ra i sed  to - 10  ° C, and the react ion mixture  was carefully neutra l ized with 50% acetic acid to pH 6.5, 
evaporated in vacuum to smal l  volume, diluted with 100 ml of water ,  and extracted with ether (4 x 50 ml).  The 
extract  yielded 284 mg of the t r iol  XII. IR spectrum,  cm-~: 3520 and 3380 (OH); tool wt 334. 

Preparation of 17fl, 20o~-dihydroxy-17a-pregn-4-en-3-one  (X). A solution of 280 mg of the t r io l  XII in a mixture  
of 20 ml of absolute benzene and 10 ml of acetone was s t i r r ed  with 1.3 g of activated manganese  dioxide for 6.5 hr  [8]. 
The usual  working up and prepara t ive  chromatography on alumina (activity grade V, ether) provided 111 mg of the 
diol X and 74.1 mg of and ros t -4 -ene -3 ,  17-dione (XIII). Recrys ta l l iza t ion  of the dione XIII f rom methanol gave andros t -  
4 -ene-3 ,  17-dione (XIII) with mp 17].5-172.5 ° C; IR spectrum,  em-~: 1740 (17-CO), 1618, and 1668 (~4-3-CO). A 
mixture  with authentic androstenedione gave no depress ion  of the melt ing point.  An analyt ical  sample of the diolone X 
obtained by repeated rec rys ta l l i za t ion  f rom ethyl ace ta t e -me thano l  had mp 174-177 ° C. A mixture  with a sample of X 
f rom the microbiological  experiment  gave no depress ion  of the mel t ing point. 

The chromatographic mobil i t ies  on s i l ica  gel of the samples  of X obtained by chemical  and microbiological  
methods were identical: Rf 0.015 (chloroform); 0.048 [hexane-e thyl  acetate (3 : 1)]; 0.2] [ e the r -ch lo roform (2 : 1)]; 
0.3 [benzene-e thanol  (9:1)];  0.35 (ether); 0.45 (ethyl acetate), and 0.71 [ch loroform-e thanol  (4:1)] .  IR spec t rum,  
cm -1, 3537, 3387 (OH), ]619and  1660 (A4-3-CO);IR spect rum (CC14), c 2 .7×10-3M, cm-l :  3637, 3565, (OH, 
in t ramolecu la r  hydrogen bond), 1622 and 1680 (A4-3-CO); tool wt 332. 

Determinat ion of absolute configuration by Horeau~s method. To 4.8 mg of the s teroid X was added 0.5 ml  of a 
solution of the anhydride of racemic  ~-phenylbutyr ic  acid in f resh ly-d i s t i l l ed  pyridine (217 mg of the anhydride was 
diluted with pyridine to 9.2 ml) containing 11.8 mg of the anhydride.  The mixture  was left at room tempera ture  for 
16-17 hr .  Then ] drop of water  was added and the react ion mixture  was heated at 80-90 ° C for 30 rain. After it had 
been cooled to room tempera tu re ,  3 ml of benzene and 2 ml of water  were added and it was t i t ra ted with 0.1 N NaOH 
solution in the presence  of phenolphthalein. The neut ra l ized  mixture  was t rea ted with 10 ml of benzene,  the organic 
layer  was separated off, the aqueous layer  was extracted with chloroform (2 x 2 ml),  the extract  was discarded,  and 
the aqueous layer  was acidified with 1 ml of 1 N HC1 and extracted with benzene (3 × 3 ml).  The benzene extract  was 
evaporated to dryness ,  the res idue was dissolved in 0.6 ml of benzene,  and the angle of rotat ion was determined with 
a po la r imet r ic  tube having a volume of 0.5 ml and a length of 0.5 din. The acid obtained had ~ = -0 .069 ± 0.012 °. On 
the assumpt ion of a quantitative es ter i f icat ion of the alcohol with one anant iomer  and the absence of losses  during 
isolation,  the acid obtained should have oz = -0.193.  This shows the 20~-(S-) configuration in compound X. 

We thank N. T. Zelkova for ass i s tance  in per forming  the fermenta t ions ,  N. S. Vul 'fson, V. V. Zaretski i ,  and 
V. G. Zaikin for recording  and for helping in the in terpre ta t ion  of the mass  spectra ,  and L. B. Senyavina for 
record ing  and d iscuss ing the IR spectra .  

C O N C L U S I O N S  

A culture of Actinomyces roseoehromogenus ATCC 3347 reduces 17-hydroxy- and 16~, 17a-epoxy-20- 
oxopregnenes to the corresponding 20o~-alcohols, but is incapable of reducing I7c~-aeetoxy-, 17a-methyl-, and 
16p-methylprogesterones or ]7-unsubstituted 20-oxopregnenes. The results obtained show that the presence of the 
side chain in a conformation favorable for the formation of 20a-alcohols in the reduction of 20-oxosteroids with 
complex metal hydrides is in itself insufficient for the reduction of the 20-oxosteroids by a culture of Aetinomyces 
roseochrom0genus, which also reduces the 20-oxo group of 17~-pregnenes. 
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