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133. 6p-Hydroxy-3 : 5-cyclopregnan-20-me and Some Related 
compounds. 

By D. K .  PATEL, V. PETROW, and (MRs.) I. A. STUART-WEBB. 
A number of cyclo-steroids has been prepared by standard methods which 

however failed in two cases. 

OUR interest in 6p-hydroxy-3 : 5-cyclopregnan-20-one (11; R = R = H) arose from the 
observation by Dingemanse and Huis in 'T Veld 1 that administration of 6p-hydroxy-3 : 5- 
cycloandrostan-17-one to a healthy male led to greater excretion of 11 p-hydroxylated 
metabolites in the urine than did that of a comparable quantity of 3p-hydroxyandrost-5- 
en-l7-one. Conversion of pregnenolone (I; R = R' = H), a biogenetic precursor of the 
corticosteroids,2 into the 6P-hydroxy-3 : 5-cyclopregnane derivative (11; R = R = H) 
was therefore expected to yield a structure potentially susceptible to 11 @-hydroxylation 
in vivo and thus worthy of biological study. The work was extended to the other 3 : 5- 
cyclo-st eroids described below. 

for the stereochemistry and mechanism of the 3 : 5-cyclo-steroid rearrangement) was 
prepared as follows. (a) Pregnenolone (I ; R = R' = H) was converted into the benzene- 
sulphonate (I;  R = SO,Ph, R' = H) and toluene+sulphonate ( I ;  R = SO,*C,H,Me, 
R' = H),4*5 which both passed into the required compound when heated with potassium 
acetate in aqueous acetone.6 (b)  Pregnenolone was treated with pyridine-sulphur trioxide 
(cf. ref. 7) to give pregnenolone pyridinium sulphate (I; R = S03-C,H,NH+). Reaction 
with potassium chloride gave the potassium salt which was transformed into the cyclo- 
steroid when heated with water and benzene under reflux.8 (c)  Pregnenolone toluene-$- 
sulphonate was treated with fused potassium acetate suspended in acetic anhydride at 
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100°.9 After removal of a small quantity of pregnenolone acetate, the residues gave on 
chromatography a low yield of 6p-acetoxy-3 : 6-cyclopregnan-20-one (11; R = Ac, R' = 
H). Hydrolysis of the last compound with methanolic potassium hydroxide gave an oil 
from which the parent cycb-steroid was obtained after chromatography. 

An alternative route to 6p-hydroxy-3 : 5-cydopregnan-20-one utilised 3B-hydroxypregna- 
5 : 16dien-20-one (VI ; R = H). This was converted into 6@-hydroxy-3 : 6-cyclopregn-16- 
en-20-one (111; R = H) by heating its benzenesulphonate or toluene-p-sulphonate with 

CH$ COMe 

OH 

potassium acetate in aqueous acetone. Catalytic hydrogenation of the 16 : 17-unsaturated 
steroid gave the saturated alcohol (I1 ; R = R' = H) , also obtained in less satisfactory 
yield by catalytic hydrogenation of the acetate (111; R = Ac), followed by alkaline 
hydrolysis of the product. 

Extension of the 3 : Ccyclo-steroid rearrangement to the 21-acetoxyderivative (I ; R = 
H, R' = OAc) of pregnenolone offered no difficulty. The starting material, prepared by 
Ruschig's method,lO was converted into the toluene+sulphonate (I; R = SO,*C,H,Me, 
R = OAc) which passed readily into 21-acetoxy-6p-hydroxy-3 : 6-cyclopregnan-20-one (I1 ; 
R = H, R = OAc) on treatment with potassium acetate in hot aqueous acetone. 3 p  : 17a- 
Dihydroxypregn-6-en-2O-one, in contrast , resisted rearrangement. For its preparation 
16a : 17aepoxy-3P-hydroxypregn-5-en-20-one l1 was treated with hydrobromic acid to give 
16p-brom0-3g : 17adihydroxypregn-5-en-2O-one (V; R = H, R' = Brj, which passed into 
3@ : 17a-dihydroxypregn-5-en-20-0ne on reduction with Raney nickel.* lS The toluene- 
$-sulphonate of this compound regenerated the parent alcohol on treatment with potassium 
acetate, and was recovered unchanged after being heated in slightly alkaline water-benzene 
mixtures. Similarly , at tempts to rearrange 17 a-me t h yl-3 fbtoluene+sulphon yloxyandros t - 
5en-17p-01 were unsuccessful. 3~-Toluene~-sulphonyloxy-17a-vinyl- and -17aethynyl-3p- 
toluene~-sulphonyloxy-androst-5-en-17~-01, however, behaved as expected, yielding the 
cycbsteroids (IV; R = CHXH, and GCH).  

EXPERIMENTAL 
Optical rotations refer to CHCl, solution in a 1 dm. tube unless otherwise stated. 
Pregnenolone benzenesulphsnale (I;  R = SO,Ph, R' = H), prisms, m. p. 144-146O (from 
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acetone-hexane), [a]? +14" (c 0.537) (Found : C, 70.9; H, 7.6; S, 7.3. C,,H3,04S requires 
C, 71-0; H, 7-9; S, 7.0y0), was prepared by treating pregnenolone (6 g.) in pyridine (50 ml.) 
with redistilled benzenesulphonyl chloride (5 ml.) overnight at room temperature. 

6P-Hydroxy-3 : 5-cyclofwegnm-20-om (I1 ; R = R' = H).-(a) Prepenolone toluene-p- 
sulphonate (5 g.) (I ; R = SO,C,H,Me, R' = H) was heated with potassium acetate (6.6 g.) in 
50% aqueous acetone (140 ml.) under reflux for 8-18 hr. The mixture was poured into water 
and the product isolated with chloroformether. Crystallisation from acetone gave 69-hydroxy- 
3 : 6-cyclopregmn-20-one, needles, m. p. 18&181", [a]? + 123' (c 0.663) (Found : C, 80.1 ; H, 
10.1. C,,H,,O, requires C, 79.8 ; H, 10-lyo). (b) Pregnenolone benzenesulphonate likewise 
gave the cydo-steroid, m. p. 180-181", not depressed on admixture with a sample prepared as 
under (a). 

Pregnerrolone Pyridi?hrn Sulphafe (I ; R = S0,-C6H5NH+, R' = H).-Pregnenolone 
(5 g.), dry benzene (60 ml.), pyridine (6 ml.), and pyridine-sulphur trioxide (6 g.) were stirred 
and warmed to 60" for 20 min. under anhydrous conditions. The mixture was cooled to room 
temperature and hexane (200 ml.) added. After being kept a t  0" the precipitated solids were 
collected, washed with hexandxnzene (5 : 1), and dried in a desiccator. For purification, a 
sample (1 g.) was dissolved in chloroform (12 ml.) and chilled for a short time, and a small 
precipitate of pyridin+sulphur tioxide removed. Hexane (48 ml.) was added to the filtrate 
and, after storage at room temperature, the pregnenolone pyridinium sulphate collected and 
washed with a little hexane ; it had m. p. 185-186', [a]',' + 16" (G 0.412) (Found : N, 3-3 ; S ,  

The foregoing compound (3 g.), suspended in water (60 ml.), was added with stirring to a 
solution of potassium chloride (6 g.) in water (60 ml.). The precipitated pregnenolone 
potassium sulphate was collected and washed with a little chloroform. It had m. p. 226-228". 
A solution of this salt (600 mg.) in water (450 ml.) was made faintly alkaline With a few drops of 
2~-sodium carbonate. Benzene (160 ml.) was added and the mixture heated under reflux for 
6 hr. The benzene layer was removed, washed with water, dried, and evaporated. The residue 
was crystallised from acetone, to give 69-hydroxy-3 : 6-cycloprepan-20-one, m. p. and mixed 
m. p. 180-181°. 

6p-Phenylacetoxy-3 : 6-cyclofwegm~-2O-m (I1 ; R = CO*CH,Ph, R' = H).-The alcohol 
(1 g.) in dry benzene (4 ml.) and pyridine (1 ml.) was treated at  0" under nitrogen with phenyl- 
acetyl chloride (0.7 ml.). After 19 hr. at room temperature the oily product was isolated with 
chloroform. It was chromatographed in benzene-hexane (1 : 1) on alumina (30 g.; B.D.H. 
chromatography grade used through'out). The benzene-hexane (1 : 1) ---t pure benzene 
eluates yielded the phenylacetale, needles (from acetone-hexane), m. p. 136-137', [a]: + 102" 
(c  0.654) (Found : C, 79.7 ; H, 8.9. 

68-Acetoxy-3 : 6-cyclc@reg.nan-20-m (I1 ; R = Ac, R' = H).-(a) This compound, prisms, 
m. p. 144-146" (from ether-hexane), [a]: + 111" (c 0-478) (Found : C, 77-0; H, 9.7. C83H3403 
requires C, 77.1 ; H, 9-5%), was prepared by heating the alcohol (4.6 g.) with pyridine-acetic 
anhydride (10 ml. of each) for 1 hr. on the steam-bath. (b) Fused potassium acetate (10 g.) was 
dissolved in boiling acetic anhydride (150 ml.), and the solution cooled to 60". Pregnenolone 
toluene-p-sulphonate (3-5 g.) was added and the mixture heated with stirring on the steam- 
bath for 36 hr. The solution was concentrated under reduced pressure and the product isolated 
with ether (charcoal). Crystallisation from acetone-hexane gave pregnenolone acetate. The 
residue, in benzene, was chromatographed on alumina (100 g.). The benzene -+ benzene- 
ether eluates yielded 69-acetoxy-3 : 6-cycZopregnan-20-one, identified by m. p. and mixed m. p. 

The foregoing compound (360 mg.) in methanol (18 ml.) was heated with potassium 
hydroxide (400 mg.) in water (4 ml.) under reflux for 2 hr. The product, in benzene, was passed 
through a short column of alumina and thereafter crystallised from acetone to give the free 
alcohol, identified by m. p. and mixed m. p. 

3~-Benzenesul~htonyZoxyp-egna-6 : 16-dien-20-one (VI ; R = S0,Ph) separated from acetone 
in needles or plates, m. p. 162-163", [a]: -31" (c 0.3244) (Found : C, 71.3; H, 7-3; S, 7.2. 
C,,H,,O,S requires C, 7 1.4 ; H, 7-6 ; S, 7.05y0), 

69-Hydvoxy-3 : 6-cycl~regn-16-err-2O-me (111; R = H) formed prisms, m. p. 136--137", 
[a]: +90" (c 0.44) (Found : C, 79.4; H, 9.3. C,,H,,O, requires C, 80.2; H, 9-6%), after 
crystallisation from acetone-hexane (with Mr. D. N. KIRK, BSc.). 

6P-A cefoxy-3 : 6-cyclopregn-16-e.n-20-m separated from ether-hexane in prisms, m. p. 143- 
145", [a]: + 80" (c 1-02> (Found : C, 77.2; H, 8.6. 

6.9. C2,Hs,06NS requires N, 3.0; s, 6.7%). 

C,,H3g0, requires C, 80.2; H, 8.8%). 

C,,H,,O, requires C, 77.5; H, 8.90/,). 
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The free alcohol (111; R = H) (800 mg.) in 90% aqueous methanol (80 ml.) was 

hydrogenated over 2% palladium-calcium carbonate at atmospheric pressure, and the product 
crystallised from acetone, to give the cyclo-steroid ( T I ;  R = R' = H), m. p. and mixed m. p. 
180-1 8 1". 

The acetate (111 ; R = Ac) (2.5 g.) in methanol (100 ml.) was similarly hydrogenated over 
Raney nickel, to give the acetate (TI; R = Ac, R' = H), m. p. and mixed m. p. 146146' 
(Found : C, 77.6; H, 9.8%). 

21-Acetoxy-3~-toZuene-p-suZ~honyZoxy~~egn-5-en-2O-one (I ; R = SO,*C,H,Me, R' = OAc) 
had m. p. 105", [a]: +26" (c 0.412) (Found : C, 67.4; H, 7.8; S, 6-7. C,,H,,O,S requires C, 
68.2 ; H, 7.6; S, 6.1y0), after crystallisation from acetone-hexme. 

21-Acetoxy-6P-hydvoxy-3 : 6-cycl~vegnan-20-one (I1 ; R = H, R' = OAc) separated from 
acetone-hexane in needles, m. p. 122-123", [aJa,? + 114' (c 0.464) (Found : C, 73.9; H, 9-3. 
C&&4 requires C, 73.8; H, 9.1%). 

16P-Bromo-3P : 17a-dihydroxy~regn-5-en-2O-one (V; R = H, R' = Br), m. p. 193-194' 
(from methylene chloride-hexane), [a]: +7' (c 0.527 in dioxan) (Found : C, 61.2; H, 7-6; Br, 
19.6. Ca,H,,O,Br requires C, 61.3; H, 7.6; Br, 19.6'70), was prepared by treating 16a : 17a- 
epoxy-3P-hydroxypreg-6-en-20-one (10 g.) in acetic acid (100 ml.) with 30% hydrobromic acid 
in acetic acid (1 ml.) at room temperature for 30 min. 

3~-Acetoxy-16~-bromo-l7a-hydvoxy~regn-S-en-20-one (V; R = Ac, R' = Br), m. p. 159- 
160' (from aqueous methanol), [a]lga -30" (c 0.422) (Found : C, 61.5; H, 7.4; Br, 17.2. 
C,,H,,O,Br requires C, 60.9; H, 7.3; Br, 17-7y0), was similarly prepared from 3P-acetoxy- 
16a : 17a-epoxypregn-5-en-20-one. 

17a-Hydroxy-3~-toZuene-p-sul~honyZoxy~~egn-5-en-20-one (V ; R = SO,C,H,Me, R' = H) 
had m. p. 153-154' (Found : C, 69.4; H, 7.5. C,,H,,O,S requires C, 69.1 ; H, 7.8%) after 
crystallisation from acetone-hexane. 

17a-MetAyZ-S~-toluene-p-suZ~honyZoxyandvost-6-en-17~-oZ, needles (from acetone), had m. p. 
122-123', [a]: -62" (c 0.97) (Found : C, 70.1 ; H, 8.0; S, 7-2. Ca,H,,O,S requires C, 70.7 ; 

3~-ToZuene-p-suZphonyloxy-17a-vinyZandrost-5-en-17~-oZ separated from acetone-hexane in 
needles, m. p. 105' (Found : S, 7.0. 

17a- VznyZ-3 : 5-cycloandvostane-6p : 17P-dioZ (IV ; R = *CH:CH,).-The foregoing compound 
(2.3 g.) was heated with potassium acetate in 60% aqueous acetone under reflux for 6+ hr. The 
product, in benzene, was chromatographed on alumina (60 g.). The ether --t ether-acetone 
eluates yielded the cyclo-steroid, m. p. 16&155", [a]: +28" (c 0.36) (Found : C, 79.3; H, 
10.4. 

17a~EthynyZ-3~-toZuene-p-suZ~hon~Zoxyurrdvost-6-en-17~-oZ formed needles, m. p. 140-141', 
[a]: -74" (c 0.960) (Found : C, 72.1; H, 8.2; S, 6.5. Cz,H,,O,S requires C, 71.8; H, 7.7 ; S, 
6.84y0), on crystallisation from acetone-hexane. 

17a-EtAynyZ-3 : 6-cycloarrdvostane-6P : 17B-dZoZ ( IV;  R = GCH).-The product from 7 g. of 
the preceding ester was chromatographed in benzene on alumina (200 g.). The ether + 
ether-acetone (9 : 1) eluates yielded the cyclo-steroid, m. p. 163-154', [a]: -8O (c 0.711) (Found : 
C, 79.6; H, 9.7. 

H, 8.3 ; S, 7.0%). 

C,,H,,O,S requires S, 6.8%). 

C,,Ht,O, requires C, 79-7 ; H, 10.l~o), after crystallisation from acetone-hexane. 

C,,H,,O, requires C, 80-3; H, 9.6y0). 
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