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Microbiological Hydroxylation. Part XXI1.l Hydroxylation of 3.20-, 7.20-, 
and 11.20-Dioxygenated 5a-Pregnanes 
By Sir Ewart R. H. Jones, G. Denis Meakins,' John 0. Miners, Robert N. Mirrington, and Alistair L. 

Eight 3.20-, 7.20-, and 1 1,2O-dioxygenated 5a-pregnanes have been incubated with the fungi Calonectria decora 
and Daedalea rufescens, and with three Rhizopus species. In most cases complex mixtures are formed, and the 
hydroxylations are less satisfactory than those of dioxygenated androstane analogues. Although Rhizopus 
nigricans leads mainly to the 1 1 a-hydroxylation of 5a-pregnane-3.20-dione, hydroxylation of 3P-hydroxy-5a- 
pregnan-20-one occurs predominantly a t  the 7p-position (not at  the 11 a-position as reported in the literature). 
The cleanest incubation studied here is that of 5a-pregnane-7.20-dione with Calunectria decora, which gives the 
1 a,l2P-dihydroxy-7,20-dione (30%) and the 12P-hydroxy-I ,7,20-trione (1 9%). 

Wilkins, Dyson Perrins Laboratory, Oxford University, South Parks Road, Oxford OX1 3QY 

Convenient preparations of the 7.20- and 1 1.20-dioxygenated substrates have been developed. 

THE important physiological activity of many pregnane 
derivatives has prompted numerous investigations into 
the preparation of these compounds by microbiological 
methods2 However, almost all the substrates used con- 

Part XXI, Sir Ewart R. H. Jones, G. D. Meakins, J. 0. 
Miners, and ,9. L. Wilkins, J.C.S. Perkin I, 1975, 2308. 

tain a 3-oxo-group, and apart from work with the fungus 
AsfiergiZZus o c h a c e m  little is known about the relation- 

W. Charney and H. L. Herzog, ' Microbial Transformations 
of Steroids,' Academic Press, Nelv York, 1967. 

a A. S. Clegg. W. A. Denney, Sir Ewart R. H. Jones, G. D. 
Meakins, and J. T. Pinhey, J.C.S. Perkin I, 1973,2137. 
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TABLE 1 
Hydroxylation of 3,20-, 7,20-, and 11,2O-dioxygenated 5a-pregnanes by Calonectria decora (Cd) , Daedalea rufescens (Dr) ,  

Rhizopm arrhizus (Ra)  I Rhizopus circinans (Rc), and Rhixopus nigricans (Rn) 

H 
5a-Pregnane 

The substrates, all derivatives of 5a-pregnane, are indicated by abbreviated names, e.g. 3P-OH-20-CO represents 3P-hydroxy-5a- 
In the ' products ' columns those oxygen functions introduced during the incubation are in bold type; n.i. indicates 

The entries under conditions refer to the 
The yields are calculated 

pregnan-20-one. 
that no product was isolated (or that a small amount of a complex mixture was obtained). 
use of ethanol (E) or acetone (A) as solvent for the substrate and to  the time of the incubation (in days). 
after making allowance for recovered starting material. 

Substrate 
3,2O-(CO), 

3 8 - OH-2 0-CO 

3P-OH-A16-20-C0 

7,20-(CO) 2 

7a-OH-20-CO 

1 1,20- (CO) , 

1 la-OH-20-CO 

11 P-OH-20-CO 

Fungus 
Cd * 
Dr 

Rn t 

Ra t 
Rc 

Cd 
Dr 

Rn t 

RLZ t 
RC 

Cd 
Dr 
Rn 

Gd 

DY 
Rn 

Cd 
Dr 
Rn 

Cd 
DY 
Rn 

Cd 
D Y  
Rn 

Cd 
Dr 
Rn 

Recovered 
Conditions substrate 

A2 
E4 

E4 

E6 
E5 

E6 
E5 

E4 

E2 

E5 

E5 

E4 
E4 
E4 

E l  
E6 

E4 
E4 

E5 
E5 
E4 

E5 
E5 
E4 

E5 
E5 
E5 

E5 
E5 
E5 

0 76 
25 

14 
7 

13 
17 

10 

12 

14 

5 

21 
8 

16 

45 
10 

30 
21 

26 
9 

53 

58 
10 
57 

43 
23 
56 

64 
62 
71 

Main hydroxylation product(s) 
128,15a- (OH) , 

38,7a- (OH), 4% 
3p,7p- (;;I2 2; 

l l a -  

l l a -  OH 12 
l la -  OH 9 

128,15a-(OH), 24 
7a- OH 9 
78- OH 9 
78,128- (OH), 22 

'SP- OH 15 

7-CO-lla OH 16 

7P- OH 11 

n.i. 
14a,15B-(OH), 21 

7a- OH 13 
?a, 15a-(OH), 12 
7-CO- 15P- OH 12 

12p- OH 18 

1-CO-128- OH 21 
l a ,  12P- (OH), 33 

3a, llr- (OH), 10 

38- OH 27 
38- OH 24 

n.i. 

n.i. 

3p,7a- (OH), 13 

128- OH 17 

OH 35 3P- 

n.i. 

n.i. 
OH 13 38- 

n.i. 
n.i. 
n.1. 

Other products 

3P- OI-I ti"/:, 

38,7P,lla- (OH), 7 

3P- 
3 8,7 P, l l a -  (0% 5 

l la -  OH -17- CO 7 
3P, 11a-(0H)2-17- CO 4 
3-CO-lla, 17p- (OH) 4 
38, l l a -  (OH), 3 

3-CO-78,128,15a- (OH), 8 

38, l l a -  (;:I2 ; 

78,lla- 
78- 

l l a -  

l l a -  

OH 11 
OH 4 lba- 

l l a -  OH 4 

OH 6 
7p112p- 1; 

78,lla- (OH), 7 
7P- 

* Ref. 7. Cf. Ref. 8. Ref. 4. 
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ship between substrate structure and the outcome of the 
microbiological process. Earlier parts of this series have 
been concerned mainly with the hydroxylation of mono- 
and di-oxygenated androstanes ; with a number of fungi 
(notably Calonectria decora and Rhixopus nigricans 5, 
the hydroxylation patterns found with androstane de- 
rivatives are intimately connected with the positions and 
nature of the substrates' functionaI groups. The main 

sight this feature appears advantageous in that it should 
enhance the directing influence of the substrate's func- 
tional groups; several enzyme systems are available in 
each of the commonly used fungi, however, and plurality 
of favourable paths might well lead to complex mixtures 
of hydroxylated products. The fungi used for this study, 
Caloizectrin decora (Cd) , Daedalea rufescens (Dr),  and 
Rhizo$zcs nigricans (Rn), were selected on the basis of 

SCHEME 
Preparation of 7,20- and 11,20-dioxygenated 5a-pregnanes 

References to known compounds are given in the Experimental section; new compounds are marked with an asterisk. 
MeC,H,*SO, 

Ts = p -  

i v  (89./.) 
r--- 

Reagents : i, Cr0,-ButOH-Ac,O-CCl, ; ii, HC1-EtOH ; iii, H2-Pd ; iv, NaBH,EtOH ; v, HOfCH,] ,.OH-C,H,-Amberlite resin ; 
vi, KOH-EtOH ; vii, TsC1-C,H,N ; viii, LiAlH,-tetrahydrofuran ; ix, H2Cr0,-Me,CO ; x, HO~[CH,],~OH-C,H,-TsOH ; xi, Na- 
WOH; xii, TsOH-Me,CO; xiii, Me2S0, heat. 

object of the present work was to investigate the pos- 
sibility that similar directing effects might also operate 
with x,20-dioxo- or x-hydroxy-20-oxo-5~-pregnanes 
which, unlike the androstanes, have a degree of conform- 
ational mobility arising from rotation of the 17-acetyl 
side-chain. In order to satisfy the geometric require- 
ments of a particular enzyme system the side-chain 
would be free to adopt the orientation most favourable 
for the binding and hydroxylation processes. At first 

(a) A. M. Bell, P. C. Cherry, I. M. Clark, W. A. Denny, Sir 
Ewart R. H. Jones, G. D. Meakins, and P. D. Woodgate, J.C.S. 
Perkin I, 1972, 2081; (b) A. M. Bell, W. A. Denny, Sir Ewart 
R. H. Jones, G. D. Meakins, and W. E. Miiller, ibid., p. 2759. 

the directing effects observed with androstane derivatives 
and their ability to metabolise many dioxygenated preg- 
nanes. 

A summary of the present results is shown in Table 1. 
(Earlier work on Cd with 3p-hydroxy-5a-pregnan-20- 
one 4a and the 3,20-dione 7 is included although the yield 
of the 12p,l5a-dihydroxy-derivative from the latter sub- 
strate is not reported.) The hydroxylations of the 3,20- 

V. E. M. Chambers, W. A. Denny, J. M. Evans, Sir Ewart 
R. H. Jones, A. Kasal, G. D. Meakins, and J. H. Pragnell, J.C.S. 
Perk in  I ,  1973, 1600. 

A. M. Bell, Sir Ewart R. H. Jones, G. D. Meakins, J. 0. 
Miners, and A. Pendlebury, J.C.S. Pevkiiz I, 1975, 357. ' A. Schubert and R. Siebert, Chem. Bey.,  1958, 91, 1856. 
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dioxygenated pregnanes with Rn were studied in the 
pioneering microbiological work of Murray and Peter- 
son; use of the more powerful methods for product 
separation and identification now available reveals that 
the earlier conclusions must be modified in one important 
respect (see later). Table 2 lists the n.m.r. spectra of the 

TABLE 2 
N.m.r. signals 

The results, presented in the form used earlierp were obtained by examining solu- 
tions in CDCI, a t  100 MHz; the T,(calc.) values are based, where possible, on earlier 
work 6 

XH-OR and other 
NO. Compound T$ ~,(calc.) * signals t 
977 5a-Pregnane-7,20-dione 19 8.96 8.95 

18 9.38 9.39 
978 

979 

980 

981 

982 

983 

984 

985 

986 

987 

988 

989 

990 

991 

992 

993 

994 

995 

996 

997 

998 

999 

1 000 

1001 

1 002 

Pregna- 3,5-diene- 

7,7-Ethylenedioxy-5a- 

5a-Pregnane-11,20-dione 

5a-Pregn-2-ene- 
11,aO-dione 

5aJ7P-Pregn-2-ene- 
11,20-dione 

20,20-E thylenedioxy- 
5a-pregnan-11-one 

5a-Pregnane-3,7,2O-trione 

5a-Pregnanc-3,11,2O-triore 

5a-Pregnane-l,7,12,20- 
tetraone 

5a-Pregnane-3,7,11,20- 
tetraone 

3P-Acetoxypregn-5- 
en-20-one 

7a-H ydroxy-5a- 
pregnan-20-one 

lla-H ydroxy-5a- 
pregnan-20-one 

2 0,2 0-E thylenedioxy- 
5a-pregnan-lla-01 

llp-Hydroxy-5a- 
pregnan-20-one 

20,20-Ethylenedioxy- 
Ba-pregnan-11/3-01 

3P-Acetoxypregn-5- 
ene-7,aO-dione 

3&Hydroxy-Ba- 
pregnane-ll,2O-dione 

11,20-Dioxo-5a-pregnan- 
3P-yl toluene-p- 
sulphonate 

38-Hydroxy-5a-pregn- 
16-ene-ll,20-dione 

38-Acetoxy-5a-pregn- 
16-ene-11,20-dione 

12&Hydroxy-5a- 
pregnane-7,aO-dione 

1 Zb-H ydroxy-5a- 
pregnane-1,7,20-trione 

3/3,7a-Dihydroxy-5a- 
prpgnan-20-one 

3B,7a-Dihydroxy-5a- 
urem-16-en-20-one 

7,20-dione 

pregnan-20-one 

19 8.87 8.86 

18 9.36 9.36 ~.~ 

19 9.20 9.20 
18 9.38 9.39 
19 8.99 9.01 
18 9.43 9.43 

gIj }3.89m (5) 
H-6 4.41s 

19 9.05 9.02 
18 9.41 9.41 
19 9.04 9.02 
18 9.15 9.15 
19 9.00 9.00 
18 9.30 9.30 
19 8.71 8.71 
18 9.34 9.35 
19 8.80 8.77 
18 9.40 9.39 
19 8.50 8.48 
18 9.04 9.05 
19 8.53 8.49 
18 9.36 9.38 
19 8.97 8.95 
18 9.36 9.35 
19 9.22 9.23 
18 9.39 9.39 
19 9.08 9.11 
18 9.39 9.37 
19 9.08 9.10 

18 9.26 9.25 
19 8.98 9.00 
18 9.17 9.15 
19 8.99 8.99 H-11 5.76m (12) 
18 9.03 9.03 H-21 8.73s 
19 8.78 8.77 
18 9.35 9.38 
19 8.98 8.98 
18 9.42 9.42 
19 9.02 9.00 
18 9.43 9.43 

)4.42m (5) 

f4.45m (5) 
H-21 8.76s 

H-21 7.72s 

H-3 5.39m (23) 
H-6 4.61m (10) 
H-7 6.18m (8) 

H-11 6.10111 (22) 

2:2:}6.14m (11) 

H-11 5.68m (11) 
H-21 8.72s 

H-3 5.25m (23) 

H-3 6.40m (22) 
H-6 4.26s 

H-3 5.54m (22) 

19 8.97 8.97 
18 9.17 9.15 

19 8.95 8.93 
18 9.14 9.14 
19 8.96 8.96 
18 9.29 9.29 ~~ 

19 8.58 8.56 
18 9.28 9.27 
19 9.19 9.20 
18 9.38 9.38 

19 9.16 9.16 
18 9.11 9.10 

H-3 642m 23) 
H-16 3:24m 15) 

H-3 5 46m 23) 
H-16 3:26m [5) 

H-12 6.62m (16) 

H-12 6.48m (15) 

H-3 6.38m (22) 
H-7 6.16m (7) 
H-3 6.36m (22) 
H-7 6.llm (7) 
H-16 3.31m f6) 

H-21 7.75s 

H-21 7.76s 

H-21 7.78s 

H-21 7.79s 

- -  
H-21 7.76s- ' ' 

1003 38,7j3-Dihydroxy-5a- 1'8" :J; ::Lii }6.45m (241 
pregnan-20-one $ 

1004 7a,l2j3-Dihydroxy-5a- 19 9.22 9.23 H-7 5.98m (8) 
pregnan-20-one 18 9.29 9.29 H-12 6.52m (16) 

H-21 7.79s . . 

pregnane-7,20-dione 18 9.29 9.29 H-12 6.57m (18) 
1005 la,l2P-Dihydroxy-5ar- 19 8.96 8.93 H-1 6.24m (6) 

1 006 

1007 

1008 

1009 

19 
18 
19 
18 
19 
18 
19 
18 

8.83 
9.37 
8.80 
9.36 
8.79 
9.34 
8.89 
8.80 

8.83 
9.35 
8.80 
9.35 
8.78 
9.34 
8.91 
8.82 

H-21 7.80s ' ' 

2:,3,}5.96m (9) 

H-11 5:98 6 (ld,ld, 

H-11 4'78 6 (10' 10, 
H-3 6:38m (231 
H-15 4.72 m(ll{ 

H-3 

H-3 5427(10  10, 

6 45 7 (10 10 

H-16 3.32d (3.51 
H-21 7.69s . ' 

1010 4a,lla-Dihydroxy-5a- 19 8.81 8.81 H-4 6.5Om (20) 
pregnane-7,20-dione 18 9.36 9.36 H-11 5 92m 22) 

1011 38,7a,l5a-Trihydroxy- 19 9.16 9.16 H-3 6:38m 122) 
5a-pregn-16-e -20-one 18 9.04 9.04 H-7 5.9Om (8) 

H-15 5.301~ (12) 
H-16 3.48s 

TABLE 2 (Contimed) 
;CB-OR and other 

Nn. Compound T Ta(Cak.) * signals t 
1013 3@,7&lla-Triacetoxy- 19 9. 2 9.05 )5.40m (23) 

1014 3B.7B.128-Trihvdroxv- 19 9.16 9.16 H-21 7.79s 

5a-pregnan-20-one 
18 9.31 9.28 H-11 4.95 6 (10, 10, 5) 

.-I , I 

5a-pr&nan-iO-ond 5 18 9.27 9.26 

5a-pregnan-20-one 18 9.12 9.12 H-12 

hydroxy-5a-pregn-16- 18 8.74 8.74 H-15 H-16 3.28d 4.73d (3.5) (3.5) 
en-20-one 

b Ref 12- J. E. Bridgeman P. C. Cherry A. S. Clegg J. M. Evans Sir 
Ewart R.'H. Jon& 'A. Kasal V. Kukar G. D. Mkakins, Y. horisawa, E: E. 
Richards, and P. D.boodgate,'j. Chem. S&. (C), 1970,250. 

* Calculated increments (H-19 H-18)- 20 20-(0fCH,],-O) (0.00 -0.03) 12B- 
OH-176-Ac (0.00 -0.01) 12P-bAc-l7&A; (0.00, -0.14), 15a-dH-A10-iO-C0 
(-0.03, -0.25), lbfi-OH-A'18-20-C0 (-0.02, -0.47), 15/3-OA~-A~~-20-C0 (-0.09. 
-0.43). t H-21 resonance in region T 7.87-7.93 unless otherwise indicated. 
$ Not isolated. 

1015 3j3,7j?,l2j?-Triacetoxy- 19 9.12 9.12 

1016 3/3,15,f3-Diacetoxy-14aa- 19 9.08 9.08 H-3 6.36 7 (10, 10, 5, 5) 

H-21 7.69s 
a Ref 4 

5 Dilute solution, only Me signals recorded. 

TABLE 3 
Characterisation of new compounds 

[ a ] ~  (") t Analytical figures (%) 
C H  

76.85 10.25 (zy C,,H,,O, req. 76.6 10.1 pre nan 20 one 

dione 
76.5 10.2 20,20-Ethylenedioxy-5a- 117-119 + ~ 6  Found 

pregnan-11-one (0.5) C,,H,,O, req. 76.6 10.1 
5a-Pregnane-l,7,12,20- 297-298 $ +183 Found 73.3 8.05 

tetraone (0.55) C,,H 0 req. 73.2 8.2 
5a-Pregnane-3,7,11,20- 253-257$ +49 F o d ;  ' 73.0 8.35 

tetraone (0.65) Ca1H1804 req. 73.2 8.2 
llcr-Hydroxy-5a-pregnan- 165-168 +59 Found 78.95 10.75 

20-one (0.33) C,,H,,O, req. 79.2 10.75 
20,20-Ethylenedioxy-5a- 121-123 +5 C23H3803 Found req. 76.2 76.1 10.5 10.4 

pregnan-lla-01 
79.05 10.75 llj3-Hydroxy-5a-pregnan- 181-183 (yd1.5 Found 

20-one C,,H,,O, req. 79.2 10.75 
76.4 10.35 20,20-Ethylenedioxy-5a- 153-155 ( y i 4 . 5  Found 

pregnan-11/3-01 (0.35) C,,H,,O, req. 76.2 10.5 
12&Hydroxy-5a-pregnane- 179-180 - 82 Found 75.85 9.75 

7,20-dione C,,H,,O, req. 75.85 9.7 
72.8 8.86 1213-Hydroxy-5a-pregnane- 181-182 '";'3'4 Found 

(0.75) C31H3008 req. 72.8 8.75 1,7,20-trione 

16-en-20-one (2;: C,,Ht3O3 req. 75.85 9.7 

pregnan-20-one (0.45) Cz,H,,O, req. 75.4 10.25 
lal12j3-I)ihydroxy-5a- 170-171 (0.9\ -72 CZ1H,,O4 Found req. 72.45 72.4 9.35 9.25 

pregnane-7,20-dione 
72.6 9.2 3a,lla-Dihydroxy-5a- 196-198 - Found 

pregnane-7,gO-dione (l.l)s Cz1H3,0, req. 72.4 9.25 
3/3,lla-Dihydroxy-5a- 245-247 - Found 72.35 9.3 

pregnane-7,2 0-dione (0.3$ C,,H,,O, req. 72.4 9.25 
3&lla-Diacetoxy-5a- 160-162 - Found 69.6 8.35 

pregnane-7,20-dione (0.;; CasH,,06 req. 69.4 8.4 
3fiJ5B-Dihydroxy-5a- 261-263 (yy3 - Cg,H Found 0 req. 72.8 72.6 8.75 8.9 

pregn-16-ene-7,2O-dione 
4a,lla-Dihydroxy-5a- 243-245 Feu:: ' 72.2 9.5 

pregnane-7,20-dione (0.2) C,,H,,O, req. 72.4 9.2; 
3&7a,l5cr-Trihydroxy-5a- 212-213 -+ 71 Found 72.6 9.4 

pregn-16-en-2O-one CllHsa04 req. 72.4 9.25 
3j3,7/3,lla-Trihydroxy-5a- 211-213 '%)2 8 Found 72.1 9.8 

3,3,7~,11a-Triacetoxy-5a- 181-183 140.5 Found 68.3 8.35 
(1.4) C,,H,,O, req. 68.05 8.45 pregnan-20-one 

3/3,7/3,12/3-Trihydroxy-5a- 250-253 +63 J Found 72.2 9.7 
pregnan-20-one (O+.5Jl CalHsrO, req. 71.95 9.8 

67.8 8.25 3#i,7j3,12~-Triacetoxy-5a- 182-185 Found 
pregnan-20-one (0.25) C H 0 req. 68.05 8.45 

69.7 8.3 3P,l5,3-Diacetoxy-l4a- 188-191 -135 FZunZ ' 
hydroxy-5a-pregn-16-en- (1.3) C,,H,,O, req. 69.4 6.4 
20-one 

solvent unless otherwise indicated. $ From EtOH. 5 EtOH as solvent, 

Compound M.p. ("C) * (c) 
7,7-Ethylenedioxy-5a- 146-149' Found 

5a,l7$-Pr&--2-ene-l1,2 0- 13 7.5-1 3 9 (0.7:) + a 0 C2,HSZO3 Found req. 80.2 80.0 
9.7 9.6 

3,3,7a-Dihydroxy- 5a-pregn- 110-112 Found 75.75 9.7 

7a,l2&Dihydroxy-5a- 199-201 + 1 Found 75.7 10.2 

pregnan-20-one (0.15) CSiH,,O, 71.95 9.8 

* From Me,CO-petrol or Et,O-petrol unless otherwise indicated. t CHCl, as 

steroids, substrates, and products, involved here for 
which spectrometric data have not appeared in previous 
publications : the arabic serial number sequence dis- 
cussed earlier4 is used in this Table which contains 
steroids nos. 977-1016. The structures of new com- 
pounds follow, as usual14 from a combination of spectro- 
metric and chemical methods. [3P,14a,l5@-Trihydroxy- 
5~x-pregn-16-en-20-one, the product from 3p-hydroxy- 
AlG-20-oxopregnane and Dr, was acetylated to give a 
derivative which was shown to be a conjugated ketone 

H. C .  Murray and D. H. Peterson, U.S.P. 2,602,769 (Chenr. 
A h . ,  1952, 46, 8331f). 

H-21 7.7% 
1012 3j?,7fi,lla-Trihydroxy- 19 9.05 9.05 

5a-pregnan-20-one 0 18 9.37 9.33 
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containing two acetoxy-groups and a tertiary hydroxy- 
group. The n.m.r. features of this derivative, consider- 
able deshielding of only one angular methyl group (that 
at C-13) and doublets ( J  3.5 Hz) at T 3.28 and 4.73, pro- 
vide evidence for the 14a-hydroxy-15p-acetoxy-A16 
system.] For new compounds the n.m.r. signals appear 
in Table 2, and the other information required for their 
characterisation is given in Table 3. The microbio- 
logical and most of the chemical operations of the present 
work are routine applications of techniques fully de- 
scribed in earlier parts.* However, the preparations of 
some of the 7,20- and 11,2O-dioxygenated pregnanes 
(Scheme) have not been recorded previously, and these 
are described in the Experimental section. 

A few points in the Scheme require brief comment. 
Our original intention was to prepare 7a-hydroxy-5a- 
pregnan-20-one (IV) by hydride reduction of a 7-oxo-20- 
acetal and subsequent hydrolysis. However, acetalis- 
ation of the 7,20-dione (11) using an ion-exchange resin 
(Amberlite) , conditions employed effectively for selective 
reactions of several dike tone^,^ gave the (sic) 20-oxo-7- 
acetal (111) in almost quantitative yield. The difference 
in steric hindrance suggested by this result was exploited 
in a selective reduction of the 7,20-dione (11) to the re- 
quired 7a-hydroxy-20-ketone (IV) . During preparation 
of 5a-pregnane-l1,20-dione (VI) epimerisation lo of the 
17p-acetyl group was found to occur with surprising ease. 
For example, boiling the tosylate (IX) in dimethyl sulph- 
oxide for 2 h gave a 2 : 1 mixture of 5a-pregn-2-ene-11,20- 
dione (X) and the 17-epimer (XI). [This difficulty is 
avoided in the alternative route from the tosylate (IX) to 
the diketone (VI).] Fortunately, acetalisation of a 20- 
oxo-17p-pregnane (Le.  a l7a-acetyl compound) is accom- 
panied by inversion,ll and the mixture of 17-epimers (X) 
and (XI) was converted efficiently into the 11-0x0-20- 
acetal (VII) with the natural 17-configuration. 

Comparison of the results in Table 1 with those of 
similar incubations 46959 of the androstane analogues 
shows that there are broad similarities between the two 
series, i.e. hydroxylations of an x-oxygenated 20-0x0- 
pregnane and an x-oxygenated 17-oxoandrostane by a 
particular fungus usually occur a t  the same steroid 
position(s). However, the dioxygenated pregnanes are 
metabolised more slowly, generally give complex mix- 
tures, and show less satisfactory steroid balances. Thus 
if a particular oxygenated pregnane is to be prepared by 
a sequence involving microbiological steps it may well be 
advisable to hydroxylate a 17-oxoandrostane and to 
introduce the side-chain by standard chemical methods 
at  a later stage. Although the results in Table 1 are 

* An account of these operations is given in Supplementary 
Publication No. SUP 21771 (10 pp., 1 microfiche). For details of 
Supplementary Publications see Notice to  Authors, No. 7 in 
J.C.S. Perkin I, 1975, Index issue. 

t Supplied by Glaxo Research Ltd. 
* Sir Ewart R. H. Jones, G. D. Meakins, W. E. Muller, J. H. 

W. J. Wechter and H. C. Murray, J .  Org. Chem.. 1963, 28, 

Pragnell, and A. L. Wilkins, J.C.S. Perkin I, 1974, 2376. 
lo M. B. Rubin, Steroids, 1963, 2, 561. 
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considered to be too complicated for detailed analysis, the 
following points emerge. (i) Rn leads mainly to the l la -  
hydroxylation of 5a-pregnane-3,20-dione, but hy- 
droxylat ion of 3 p-hydroxy-5 a-pregnan-20-one occurs 
predominantly at the 7p-position (not at the 1 la-position 
as reported earlier 8). (ii) Comparison of the hydroxyl- 
ations of 3p-hydroxy-5a-pregnan-20-one with those of 
3p-hydroxy-5a-pregn-16-en-ZO-one shows that the pres- 
ence of the 16,17-double bond has a dramatic effect; the 
differences probably stem more from the allylic nature of 
the 15-position in the unsaturated ketone than from 
restricted rotation of its 17-acetyl group. (iii) The 
differences between the three Rhizopm species in their 
hydroxylations of the present substrates are similar to, 
but less clear than those observed previously l2 with 
androstanes. 

The la,l2p- and 12~,15a-dihydroxylations (of the 
7,20-diketone and the 3-hydroxy-20-ketone respectively) 
by Cd may be useful in connection with the synthesis of 
steroids not readily available by chemical methods. 

EXPERIMENTAL 

For general directions and details of preparative layer 
chromatography (p.1.c.) see ref. 4. For the n.m.r. signals 
and other constants of new compounds see Tables 2 and 3. 
The constants (m.p., [a],) of known compounds are not given 
if the values found here correspond closely with those in the 
literature reference cited. Petrol refers to light petroleum, 
b.p. 60-80". 
7a-Hydroxy-5a-firegnan-20-one (IV) (no. 989) .-NaBH, 

(240 mg) was added in 10 portions over 30 min to a stirred 
solution of 5a-pregnane-7,20-dione l3 (11) (no. 977) (5.6 g )  
[prepared 13, l4 via the intermediates 3P-acetoxypregn-5-en- 
20-one (no. 988) _t 3P-acetoxypregn-5-ene-7,ZO-dione (no. 
994) _t pregna-3,5-diene-7,20-dione (no. 978)] in MeOH- 
CH2CI, (1 : 1 ; 300 ml) a t  0 "C. The solution was warmed to 
20 "C and stirred for a further 45 min. (T.1.c. indicated that 
little starting material or diol was present.) Work-up gave 
material (5.5 g)  which was chromatographed on neutral 
A120, (200 g). Elution with Et,O-petrol (2 : 1) gave start- 
ing material (0.97 g) .  Et20 eluted 7a-hydroxy-5a-pregnan- 
20-one l5 (IV) (4.1 g), [a], -/-51.5 (c  l . O ) J  vmax 3 620 and 
1 715 cm-l. 
7,7-Ethylenedioxy-5a-fwegnun-20-0ne (111) (no. 979) .-A 

stirred solution of 5a-pregnane-7,20-dione (11) (1.89 g)  and 
HO*[CH,],-OH (4 ml) in dry C,H, (150 ml) was boiled under 
reflux with Amberlite resin (IR120-H) (19 g) under a Dean- 
Stark separator for 3 h. The mixture was filtered, and the 
filtrate was washed with water, dried, and evaporated to 
give 7,7-ethylenedioxy-5a-jwegnan-20-one (2.04 g), vmx. 1 705 
cm-1. 

1 1,20-Dioxo-5a-pregnan-3~-yZ Toluene-p-sulphonate (IX) 
(no. 996).-KOH (16 g )  in water (50 ml) was added to a 
solution of 3p-acetoxy-5a-pregn-16-ene- 11,2O-dione t (V) 
(no. 998) (50 g)  in warm EtOH (500 ml). The mixture was 
heated a t  100 "C for 30 min and then kept a t  20 "C for 12 h. 

1 2  A. M. Bell, I. M. Clark, W. A. Denny, Sir Ewart R. H. Jones, 
G. D. Meakins, W. E. Miiller, and E. E. Richards, J.C.S. Perkin I, 
1973, 2131. 

l3 M. B. Rubin and A. P. Brown, J .  Oyg. Chem., 1968.33, 2794. 
l4 C. W. Marshall, R. E. Ray, I. Laos, and B. Riegel, J .  Amer. 

l5 M. Mailloux, J.  Weinman, and S. Weinman, Bull. SOC. chim. 
Chem. SOC., 1957, 79, 6308. 

France, 1970, 3626. 
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Work-up gave 3p-hydroxy-5a-pregn-16-ene- 1 l,2O-dione l6 

(no. (397) (30.1 g). Hydrogenation of this diketone (30.0 g) 
in EtOH-EtOAc (1 : 1, 450 ml) over 5% Pd-C (4 g) gave 
3P-hydroxy-5a-pregnane-l1,20-dione l7 (no. 995) (29.8 g). 
Treatment of this compound (29.7 g) with toluene-p-sul- 
phony1 chloride (50 g) in pyridine (300 ml) for 48 h at 20 "C 
gave 1 1,20-diox0-5a-pregnan-3(3-y1 toluene-p-sulphonate l8 

(39.1 g). 
5a-Pregn-2-ene-l1,20-dione (X) (no. 981) .-A solution of 

the foregoing tosylate (IX) (10.0 g) in Me,SO (150 ml) was 
boiled under reflux for 2 h, cooled, diluted with water (500 
ml), and extracted with CHC1, (2 x 250 ml). The brown 
oil (6.5 g) so obtained was chromatographed on neutral 
A1,0, (250 g). Elution with Et,O-petrol (1 : 1) gave 
material (5.2 g) shown by t.1.c. to be a mixture of two com- 
pounds. Separation of a sample (600 mg) by p.1.c. [2 large 
plates ; petrol-Et,O (65 : 35)] afforded 5a, 17p-pregn-2-ene- 
11,20-dione (XI) (no. 982) (180 mg), Ezp 0.5, vmx. 1 710 cm-l, 
and 5a-pregn-2-ene-l1,20-dione l* (X) (366 mg), R p  0.45. 

5a-Pregnane-l1,20-dione (VI) (no. 980) .-(u) The un- 
saturated dione (X) (300 mg) in EtOH-EtOAc ( 1  : 1 ;  10 
nil) was hydrogenated over Pd-C (40 mg) to give 5a-preg- 
nane-11,20-dione l9 (296 mg), v,, 1 710 cm-l. 

(b)  A solution of the tosylate (IX) (21.6 g) in dry tetra- 
hydrofuran (250 ml) was added during 1 h to a suspension of 
LiAlH, (6  g) in tetrahydrofuran (250 ml) which was boiling 
under reflux, and the mixture was boiled for a further 36 11. 
Work-up gave material (1 9.2 g) which was chromatographed 
on A1,0, (10% deactivated; 750 g). The diol fraction 
(9.8 g) eluted with Et,O was dissolved in Me,CO and oxid- 
ised with 8~-H,Cro, to give the 1lJ20-dione (VI) (8.85 g after 
crystallisation from EtOH) . 

20,2O-EthyZenedion.y-5a-pregnan- 1 l-one (VII) (no. 983). 
(a) A solution of the dione (VI) (4.0 g) in dry C6H, (250 ml) 

16 R. I;. Hirschmann, N. L. Wendler, and W. V. Ruyle, U.S.P. 
2,779,774 (Chem. Abs., 1957, 51, 8823f). 

I7 A. F. B. Cameron, R. M. Evans, J. C. Hamlet, J. S. Hunt, 
P. G. Jones, and A. G. Long, J .  Chem. SOC., 1955, 2807. 

was boiled under reflux with HO*[CH,],*OH (2 ml) and 
toluene-p-sulphonic acid (0.25 g) under a Dean-Stark 
separator for 3 h. Work-up gave 20,20-ethyZenedioxy-5a- 
pregnun-ll-one (4.14 g), vmx. 1710 cm-l. 

(b)  A mixture (4.5 g) of the unsaturated diketones (X) 
and (XI) (see before) was hydrogenated over Pd-C (0.5 g). 
Acetalisation of the product as described in the preceding 
preparation gave the oxo-acetal (VII) (4.33 8). 

1 lp-Hydroxy-5a-$regnan-20-one (XII) (no. 992) .-The 
foregoing oxo-acetal (VII) (4.2 g) in dry Et,O (100 ml) was 
boiled under reflux with LiAlH, (0.6 g) for 24 11. The excess 
of reagent was decomposed with wet Et,O and the pre- 
cipitated material was removed by filtration through Celite. 
Evaporation of the filtrate afforded 20,20-ethyZenedioxy-5a- 
pregnan-llp-ol (no. 993) (3.55 g), vmax 3 620 cm-l. A 
solution of this alcohol (3.5 g) in Me,CO-H,O (50 : 1 ; 51 ml) 
was stirred with toluene-p-sulphonic acid (0.4 g) a t  20 "C for 
24 h. Work-up gave 11 p-hydroxy-5a-$regnun-20-one (3.05 
g), vmax. 3 620 and 1 710 cm-1. 

1 la-Hydroxy-5a-$regnan-20-one (VIII) (no. 990) .-Na 
(50 g) was added during 2 h to a solution, boiling under 
reflux, of the oxo-acetal (VII) (4.1 g) in PriOH (350 ml). 
EtOH was added and the mixture was diluted carefully with 
H,O (800 ml). Extraction with EtOAc (3 x 400 ml) gave 
20,20-ethyZenedioxy-5a-$regnan-l la-ol (no. 991) (3.2 g), vmaL 
3 620 cm-l. Hydrolysis of this hydroxy-acetal as described 
in the preceding experiment gave 1 la-hydroxy-5a-$~regnun- 
20-o.Pite (2.8 g), vmaX 3 620 and 1 710 cm-1. 
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