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As already reported,  the s train of Bacillus megater ium VNIKhFI-1 which is known to possess  the ca-  
pacity for performing the 20a-reduct ion  of 16a, 17a-epoxyproges terone  has also been investigated for its 
capacity for 20t - reduct ion  in the case of cort isone [1] and for 15fi-hydroxylation in the case of progesterone [2]. 

In a study of the influence of substituents on the course  of the reduction of 20-oxosteroids to 20a -hy -  
droxy compounds of a number of cultures [3-5] it was found that the mic roorgan i sms  studied prefer  as sub- 
s t rate  s teroids of the pregnane ser ies  having a hydroxy group in the 17a position or a 16a, 17a epoxide ring. 

At the same time, for the major i ty  of mic roorgan i sms  the reduction of a 20-oxo group to a 20p-hydroxy 
group requires  the presence of a dihydroxyacetone side chain [6-8]. 

The aim of the present  work was to study the influence of substituents in the steroid molecule on the 
course of the reduction of 20-oxosteroids by a washed culture of Bacillus megater ium.  

The nature of the t ransformat ion of 18 steroids of the pregnane ser ies  has been studied. Such steroids 
as cort isol ,  epicortisol ,  prednisolone, l l ~ - h y d r o x y -  and l l -oxoproges te rone ,  16t~-hydroxy- and 16~-methyl-  
progesterone,  and also l l a - h y d r o x y - 1 6 a - m e t h y l p r o g e s t e r o n e ,  16a,  17a-dimethylproges terone,  and l l ~ - h y -  
droxy-16a ,  17a-epoxyprogesterone remained unchanged after t reatment  for both 10 and 20 h. The formation 
of new t ransformat ion products was observed only for eight of the steroids studied. The t ransformed steroids 
could be included in two groups in relation to their s t ructure :  1) steriods having a dihydroxyacetone side 
chain (cortexolone, A~-dehydrocortexolone, and prednisoae),  and 2) steroids not having such a side chain (17~- 
hydroxyprogesterone,  DOC,* DOCA, epoxy-DOCA, and l l - o x o - 1 6 ~ ,  17a-epoxyprogesterone) .  The products of 
the t ransformat ion of the steroids of the f i rs t  group were investigated for the presence of the dihydroxyacetone 
side chain (in view of the possibili ty of the reduction of a 20-oxo group to a 20-hydroxy group). By means of 
color reaction, the reduction of the 20-oxo group on t ransformat ion by washed cells by Bac. megater ium was 
shown for cortexolone, Al-dehydrocortexolone,  and prednisone. By comparing the Rf values of the reduction 
production products with those of authentic 20-hydroxy derivatives of the same steroids [in the benzene -  
isopropanol (7:4) and c h l o r o f o r m - a c e t o n e  (7:5) systems],  the 20-hydroxy derivatives formed were shown to 
be 20p-hydroxy compounds. 

The t ransformat ion of the steroids of the second group took place ambiguously: in addition to an intense 
new spot on the chromatogram,  weak auxiliary spots were found. The main product formed in the t r ans fo rma-  
tion of 17a-hydroxyproges terone  was shown not to contain a reduced 20-oxo group by comparing its Rf values 
with those of authentic samples of 20-dihydro derivatives by chromatography in the benzene -ace tone  ~(4:1) 
and c h l o r o f o r m -  acetone (7 : 1) sys tems .  

A consideration of the IR, NMR, and mass  spectra  of the main products of the t ransformat ion of DOCA 
makes it possible to state the following changes took place in the s t ructure  of DOCA on its t ransformation by 

*Abbreviations are used for a number of s teroids:  deoxyco r t i co s t e rone -  DOC; deoxycort icosterone acetate - 
DOCA; epoxydeoxycort icosterone a c e t a t e -  epoxy-DOCA. 
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Bac,  me~a t e r i um:  the 21-ace toxy  group was saponif ied (Bac. m e ga t e r i um  p o s s e s s e s  a s t rong e s t e r a s e  ac -  

t iv i ty  [1]), and a new hydroxy group appeared ,  as was shown by an i n c r e a s e  in m o l e c u l a r  weight f rom 330 to 
346. The s t ruc tu re  of the s t e ro id  skele ton r ema ined  b a s i c a l l y  unchanged, and the 20-oxo and A4-3-oxo groupings 
were  re ta ined .  Thus, in the t r a n s f o r m a t i o n  of DOCA there  was no reduct ion of the 20-oxo group and the s t e ro id  
molecule  was hydroxyla ted ,  poss ib ly  in posi t ion 15/3, i .e . ,  the reac t ion  that  is known for other  s t r a ins  of the 
spec i e s  Bac.  m e g a t e r i u m  [9]. 

In the t r ans fo rma t ion  of l l - o x o - 1 6 a , 1 7 a - e p o x y p r o g e s t e r o n e  with Bac.  mega te r ium,  the 20-oxo group 
was reduced.  Thus, the IR s p e c t r a  of the main t r ans fo rma t ion  product  showed a s t rong band of hydroxyl  ab-  
sorpt ion,  and the bands in the region  of conjugated and nonconjugated carbonyl  groupings were  r e t a ined .  The 
mo lecu l a r  weight i n c r e a s e d  by two units ,  being 344. This s t a t ement  is a lso  suppor ted  by the p r e s e n c e  in the 
m a s s  s p e c t r u m  of peaks  with m / e  326 ,300 ,  and 299 due to the e l iminat ion  of H20 , CH3CHO , and CH3CHOH ] 
r e spec t i ve ly ,  and a lso  weak ions with m / e  283, 258, and 240 formed by the s tepwise  degradat ion  of r ing  D. 

The configurat ion of the hydroxy group was es t ab l i shed  by de te rmin ing  the inc rement  in molecu la r  r o t a -  
tion in the ace ty la t ion  of the t r a n s f o r m a t i o n  product  of l l - o x o - 1 6 a , 1 7 a - e p o x y p r o g e s t e r o n e  (AM OAc-OH = + 
8.53) and the 2 0 f i - h y d r o x y - 1 6 a , 1 7 a - e p o x y p r e g n - 4 - e n e - 3 , 1 1 - d i o n e  syn thes ized  (AMD Ac-OH~" 

D 
= + 218.6). The 

20-hydroxy group of the t r a n s f o r m a t i o n  product  was ass igned  the a configurat ion [10]. 

On the bas i s  of the IR spec t rum of the t r ans fo rma t ion  product  of epoxy-DOCA, i t  may be a s sumed  that 
the compound i so la ted  is the 20-hydroxy der iva t ive  without the acetyl  group in posi t ion 21, i .e . ,  in this case ,  
jus t  as in the case  of 1 6 a , 1 7 a - e p o x y p r o g e s t e r o n e  and l l - o x o - 1 6 a , 1 7 a - e p o x y p r o g e s t e r o n e  the 20-oxo group 
underwent reduct ion and the 21-ace toxy  group was deace ty la ted .  

Thus, it  has been shown that  a cu l tu re  of Bac. m e ga t e r i um  br ings  about the reduct ion of a 20-oxo group 
to a 2 0 a - h y d r o x y  group only in the case  of A~-3-oxos te ro ids  containing a 16a ,17a - e poxy  r ing  {16a ,17a-epoxy-  
p roges t e rone ,  1 6 a , 1 7 a - e p o x y d e o x y c o r t i c o s t e r o n e ,  and l l - o x o - 1 6 a , 1 7 a - e p o x y p r o g e s t e r o n e ) .  The p r e s e n c e  of 
a 1 7 a - h y d r o x y  group or  the absence of an oxygen function in posi t ion 17 (DOC, p roges t e rone ,  1 7 a - h y d r o x y -  
p roges t e rone ,  etc.) makes  the subs t r a t e  i naccess ib l e  for enzymes  br ing ing  about the a - r e d u c t i o n  of a 20- 
carbonyl  group.  The c h a r a c t e r i s t i c  o b s e r v e d  is one more  conf i rmat ion of the spec ia l  s ignif icance of the 16a,  
17c~-epoxy r ing  for  the mic rob io log ica l  reduct ion of 20 -oxos te ro ids  to 2 0 a - a l c o h o l s  [3-5]. 

The reduct ion of a 20 -ca rbony l  group to a f i-hydroxy group was obse rved  only for cor t i sone ,  cor texolone,  
and the i r  A l -dehyd ro  de r iva t ives  and does not take place  in the t r ans fo rma t ion  of 1 7 a - h y d r o x y p r o g e s t e r o n e ,  
p roges t e rone ,  deoxycor t i cos te rone ,  epoxydeoxycor t i cos te rone ,  etc .  

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

The IR s p e c t r a  were  taken on a UR-10 ins t rument  in the form of suspensions  in paraff in  oil ,  and the NMR 
s p e c t r a  on a JNM-4H-100 /100  MHz ins t rument  (in deu te roch lo ro fo rm,  deu te ropyr id ine ,  or  in a mix ture  of 
deu te ra ted  methanol  and carbon t e t r ach lo r ide ) .  Te t r a m e t hy l s i l a ne  was used as in terna l  s t andard .  The mass  
s p e c t r a  were  taken on an MKh-1303 ins t rument .*  The mo lecu l a r  weights were de te rmined  m a s s - s p e c t r o -  
m e t r i c a l l y .  

The cul ture  of Baci l lus  mega t e r i um VNIKhFI-1 was mainta ined on m e a t - p e p t o n e  agar .  To a 750-ml f lask  
containing 100 ml of synthet ic  medium of the composi t ion de sc r ibed  [1] was added 1 ml of an aqueous suspension 
of spo re s .  Growth took place  at 28°C on a shaking machine at the ra te  of 260 r p m  for 48 h. The t r a n s f o r m a -  
tion was p e r f o r m e d  with ce l l s  which has been washed f ree  f rom the medium with d i s t i l l ed  wa te r  and with phos-  
phate buffer  (0.07 M, pH 7). To a 100-ml f lask  containing 25 ml of a suspension of ce l l s  in buffer (27-31 rag /  
ml  as dry  b iomass )  was added 5 mg of a s t e ro i d  in 0.5 ml of methanol ,  and the f lask  was p laced  in a water  
t h e r m o s t a t  with shaking at 37°C for 20 h. To follow the course  of the t r ans fo rma t ion ,  the s t e ro id  was ex t rac ted  
f rom 10 ml of the cul ture  l iquid twice with 20 ml of ch lo roform.  The ex t rac t  was concent ra ted  and the s t e ro ids  
in it  were  s epa ra t ed  by t h i n - l a y e r  ch romatography  on Silufol UV 254 p la tes  or  on p la tes  with a fixed l aye r  of 
KSK s i l i c a  gel .  Color  r eac t ions  for an a - k e t o l  s ide chain were  used:  with t r ipheny l t e t r azo l ium ch lor ide  [11], 
with an aqueous solution of Te t r azo l ium Blue [12], and with phosphorous pentoxide and sul fur ic  acid  [13] for 
the p la tes  with a fixed l a y e r  of s i l i ca  gel ,  and a lso  with ammoniaca l  solution of s i l v e r  n i t ra te  [14] for  paper  
c h r o m a t o g r a m s .  

To study the produc ts  of the t r ans fo rma t ion  of DOCA, epoxy-DOCA, and l l - o x o - 1 6 a , 1 7 a - e p o x y p r o g e s -  
t e rone  by washed ce l l s  of Bac.  mega te r ium,  we p e r f o r m e d  expe r imen t s  on a l a r g e r  sca le  with total amounts 

*In the d i scuss ion  of the NMR spec t r a ,  a s s i s t a nc e  was granted  to us by Dr.  Yu. N. Sheinker and by Young 
Scient if ic  Worke r  L. M. Alekseeva ,  and in the d i scuss ion  of the m a s s  s pe c t r a  of the s t e ro ids  by Candidate of 
Chemica l  Sciences  O. S. An i s imova .  
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of DOCA of 400 mg in 40 ml  of ethanol, of epoxy-DOCA of 170 mg in 17 ml  of ethanol, and of l l - o x o - 1 6 a , 1 7 a -  
epoxyproges te rone  of 170 mg in 17 ml of ethanol.  The s te ro ids  were  ex t rac ted  f rom the cul ture liquid with 
methylene chloride three  t imes .  The ex t r ac t  was evapora ted  to d ryness  and the main t r ans fo rmat ion  product  
was isolated by th in- layer  ch romatography  on Silufol p la tes ,  and the s te ro ids  were  eluted f rom the sc raped-o f f  
spots by boiling them with ethanol in case  of the t r ans fo rmat ion  of DOCA, with methylene chlorfde and methanol 
for  the product  of the t r ans fo rmat ion  of epoxy-DOCA, and with ethanol in the case  of the t r ans fo rmat ion  of l l -  
oxo-16a  , 17a -epoxyproges t e r  one. 

AI-Dehydrocortexolone was obtained by the microbiologica l  dehydrogenation of cortexolone by a cul ture  
of Corynebac te r ium s implex  in a medium containing 0.5~ of yeas t  ex t r ac t  and 0.5% of glucose (pH 7) for 12 h. 
After  the end of the dehydrogenation p roce s s ,  the cul ture liquid was ex t rac ted  with ch loroform,  the solvent 
was dist i l led off to dryness ,  and the crude product  was r ec rys t a l l i z ed  f rom isopropanol  with carbon,  giving 
Al-dehydrocor texolone  with mp 240-242°C, [a]~ + 71 ° (c 1.00 in ethanol). L i t e ra tu re  data: mp 229-233°C, 
[~]~ + 76 • 3 ° (c 0.757 in ethanol) [15]. 

l l a - H y d r o x y - 1 6 ~ , 1 7 ~ - e p o x y p r o g e s t e r o n e  was synthesized by the mic rob ia l  hydroxylation of 16~,17c~- 
epoxyproges te rone  with Rhizopus n igr icans .  The l l a - h y d r o x y - 1 6 a , 1 7 a - e p o x y p r o g e s t e r o n e  fo rmed  was isolated 
by ext rac t ing  the cul ture liquid with methylene chloride and was r ec rys t a l l i z ed  f rom acetone to give a product  
with mp 237-238.5°C. L i t e ra tu re  data mp 238-238.5°C [16]. 

l l -Oxo-16c~ ,17a-epoxyproges te rone  was obtained by the oxidation of l l a - h y d r o x y - 1 6 a , 1 7 ~ - e p o x y p r o g e s -  
te rone  with Ki l iani ' s  solution in acetone at 25°C for  30 min.  After  r ec rys t a l l i za t ion  f rom ethyl acetate ,  the 
product  had mp 190-191°C. L i t e ra tu re  data mp 186-186.5°C [16]. 

21 ,15~-Dihydroxypregn-4-ene-3 ,20-d ione ,  The IR spec t rum of the main  product  of the t r ans fo rmat ion  of 
DOCA was (cm-1): 3450(OH), 1710 (20-CO) ,  1620, 1650 (A4--3--CO). NMR spec t rum (cm): 0.68(18-CH3) , 
1.18(19-CH3), 4.2(21-CH3) , 5 .73(4-H)  (in a mix ture  of deuterated ethanol and CC14). M + 346. 

20~-Hydroxy-16~,17c~-epoxypregn-4-ene-3 ,11-d ione .  The product  of the t r ans fo rmat ion  of l l -oxo-16c~,  
17~-epoxyproges te rone  had mp 241.5-242°C; [~]~ + 188.5°(c 0.885 CHC13); R~ = 0.45. IR spec t rum (cm-1): 
3430(OH), 1710(11-CO),  1620, 1670(A4-3-CO) .  NMR spec t rum (ppm): 0 .8( i8-CH3)  , 1.36(19-CH3) , 3 .57(16-  
H), 4 .11(20-H) ,  5 .68(4-H) ,  2 .42(12-H) ,  1.22(21-CH3) (in deuterochloroform) .  Mass  spec t rum,  m / e :  344(M+), 
326(M-H20) ,  300(M-CH3CHO) 299(M-CH3CHOH) , 283, 258, 243 ,326(M-H20) ,  300(M-CH3CHO ) 299(M- 
CH3CHOH) , 283, 258, 243 (stepwise degradation of r ing D). 

20~,21-Dihydroxy-16c~,17a-epoxypregn-4-en-3-one .  The IR spec t rum of the product  of the t r a n s f o r m a -  
tion of 16a ,17~-epoxy-DOCA showed an inc rease  in the intensity of the absorpt ion band re la t ing  to hydroxy 
groups (3410-3480 cm-1).  The bands at 1620 and 1680 cm -~ (A4-3-CO) remained  unchanged. 

20f l -Hydroxy-16~ ,17~-epoxypregn-4-ene-3 ,11-d ione  was obtained by the reduction of 16~ ,17~-epoxy-  
p regn-4 -ene -3 ,11 ,20 - t r io l  with sodium te t rahydrobora te  in ethanol at 0-2 °C for 45 min followed by the holding 
of the react ion  mixture  at 0°C for  1 h. The mixture  was neutra l ized with glacial  acet ic  acid, the ethanol was 
dist i l led off in vacuum, and the res idue  was dissolved in ch lo roform.  The ex t rac t  was washed, dried,  and 
evapora ted  to d ryness .  The res idue  was purif ied by chromatography  through s i l ica  gel .  The product  of the 
main fract ion was oxidized with manganese  dioxide. The react ion  was p e r f o r m e d  at 18-20°C for 4 h, a f te r  
which the manganese  dioxide was f i l tered off and washed with ch loroform,  and the f i l t ra te  was evapora ted  to 
dryness  to give a product  with mp 212.5-214.5°C (from ethyl acetate) ,  [a ]~  + 197 ° (c 1.05 CHC13) , Rf  = 0 .53 -  
0.54 (benzene -ace tone  (5:3) sys tem,  on Silufol p la tes) .  IR spec t rum (cm-1): 3510, 3450, 3410{OH), 1705(11- 
CO), 1620, 1650 ( A 4 - 3 - C O ) ;  UV spec t rum:  Xma x 239.5 nm; e = 15600 (in ethanol).  NMR spec t rum:  0.81 
(18-CH3), 1.36(19-CH3), 3 2 3 ( 1 6 - H ) ,  4 .28(20-H) ,  5.67 (4 -H) ,  2.56(12-H},  1.04(21-CH3) (in deute rochloroform) .  
Mass spec t rum (m/e) :  344(M+), 326 (M-H20)  , 299(M-CH3CHOH), 329(M-CH3) , 316(M-CO),  287, 259, 258 
(stepwise degradat ion of r ing D). 

20f l -Hydroxy-16c~,17~-epexypregn-4-ene-3 ,11-dione  20-ace ta te  was obtained by the acetylat ion of 20p- 
hydroxy-16a ,  17~-epoxypregn-4-ene-3 ,11-d ione  with acet ic  anhydride in pyridine at r oom t e m p e r a t u r e ;  mp 
221-225°C, [~]~ +232.2°(CHC13 c 1.258), Rf  = 0 . 8 3 - 0 . 8 5 .  IR spec t rum (cm-1): 1740(OAc), 1700(11-CO),  
1620, 1670(A4-3-CO) .  NMR s pec t rum  (in CDCI3; ppm):  0.79 (18-CH3) , 1.33(19-CH3) , 3 .29(16-H) ,  5.46(20-- 
H), 5 .66(4-H) ,  2 .55(12-H) ,  1.02(21-CH3) , 2.03(CH 3 of an aceta te  group).  Mass spec t rum (m/e) :  386 (M+'). 
The max imum peak is that with m / e  344 ( M -  COCH2) , the fur ther  f ragmenta t ion  of which is analogous the 
degradat ion of 20 f l -hyd roxy - l f~ ,17~-epoxypregn -4 -ene -  3,11-dione.  

20a*-Hydroxy-16~,17c~-epoxypregn-4-ene-3,11-dione 20-ace ta te  was obtained by the acetylat ion of 20c~- 
hydroxy-16c~,17c~-epoxypregn-4-ene-3,11-dione with acet ic  anhydride in pyridine at r o o m  t e m p e r a t u r e .  The 
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product  had: mp 237-240°C [a]~ + 170 ° (1.05 CHC13) , Rf  = 0.67. IR spect rum (cm-l) :  1740(OAc), 1710 (11-  
CO), 1610, 1665 (A~-3-CO);  NMR spec t rum (CDCI~; ppm): 0.88 (18-CH3) , 1.35 (19-CH3) , 3.35 (16-H) ,  5.30 
(20-H) ,  5.68 (4 -H) ,  2.5 (12-H) ,  1.24 (21-CH3) , 1.98 (CH 3 of an acetate group). Mass spec t rum (m/e) :  386 
(M+'). The maximum peak is that with m / e  344 ( M -  COCH~), the fur ther  decomposit ion of which is s imi la r  
to the f ragmentat ion of 20a -hyd roxy-16a ,17a -epoxypregn -4 -ene -3 ,11 -d ione .  The mass spec t r a  of the 20- 
dihydro compounds of l l - o x o - 1 6 a , 1 7 a - e p o x y p r o g e s t e r o n e  are  prac t ica l ly  identical .  

S U M M A R Y  

The subs t ra te  specif ic i ty  of an intact cul ture of Bacil lus mega te r ium in re la t ion  to s teroids  of the p reg-  
naae s e r i e s  with a dihydroxyacetone side chain and without it, and also with s teroids  containing a 16~,17c~- 
epoxy ring, has been studied.  

It has been shown that a cul ture  of Bac.  mega te r ium pe r fo rms  the reduct ion of a 20-oxo to a 20~-hydroxy 
group only in the case of A~-3-oxo-s te ro ids  containing a 16~,17~-epoxy r ing.  

The necess i ty  of a dihydroxyacetone side chain for the fi-reduction of a 20-oxo group has been es tabl ished.  
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