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Ahstraet-A synthesis of 1 l-homo-aldosterone acetate (la) is described. 38-Acetoxy-I I-methylene-Sa,25D-spiros- 
tan (3) was converted in 4 steps into 3~-acetoxy-l1~-acetoxymethyl-So-pregnan-2Oone (9, Chart I), which was 
photocycliied to uh, saponitied regioselectively, and oxidized to 3-0x0-l&I-acetoxymethyl-18,2O-cyclopregnan- 
20a-ol-3-one (22, Chart II). Introduction of the ltl_diene in 22 followed by a selective reduction of the lene 
afforded l1/3-acetoxymethyl-l8,2O-cycIopregn-4-en-20a-ol-3-one (26). Finally, the 18,2O-cyclo ring of 26 was 
manipulated through 38, 31, 32, 33 to produce la. The bulky ll/%acetoxymethyl group distorted the steroid 
molecule to such an extent that the routine photochemical functionalization of the angular Me-18 via a nitrite or a 
hypoiodite became inoperative, and routine procedures for introduction of a 4ene into 5a-3-one via a 1,4dien-3- 
one were unsuccessful. Two new methods for the introduction of a 4-ene into steroidal Sa-3-ones were investigated 
using Sa-cholestanone and Sadihydrotestosterone as models. The first route, which was applicable to the synthesis 
of la, was the stepwise introduction of a l-ene and a 4-ene utilizing Sharptess’s acidic phenylselenyl chloride 
procedure, followed by a selective reduction of the l-ene. The second route, which appeared equally promising, 
was protection of the C-2 site with N-methylanilinomethylene followed by introduction of the 4-ene and 
subsequent deprotection of the C-2. 

The addition of one C to a biologically active compound 
can result in a very useful homologuet eliciting a subtle 
biological difference from the parent substance. The 
direction of the change in the biological activities of a 
homologue is unpredictable. It could result in a more 
potent agonist, a more selective agonist, or an antagonist. 
This paper deals with a synthesis of 1 I-homo-aldosterone 
acetate (la) and its hydrolysis to ll-homo-aldosterone 
(lb), a hitherto unknown homologue of aldosterone (2b). 

tMethyldopa (i, R = Me), a homologue of r_.-dopa (i, R = H), is 
marketed in the U.S. for the treatment of hypertension. Nor- 
gestrel (ii, R = Me), a homologue of Norethindron (ii, R = H), is 
an ingredient of contraceptive pills. The ll@-methyl homologue 
(iii, R = Me) of Ethinodiol Diacetate (iii, R = H) is 10-25 times 
more progestational (Ref. 1). o-Homo-PGE, (iv, R = Me) is 4 
times more active than PGE, (iv, R = H) in inhibiting the aggre- 
gation of human platelets (Ref. 2). 

RESULTS AND DISCUSSION 

Starting material. 3fi-Acetoxy-11-methyleneJa,25D- 
spirostan (3), prepared from hecogenin by the known 
procedure,) was hydroborated to give a monoacetate (5) 
and a diol (4). The mixture of 4 and 5 was acetylated to 
the diacetate (6). The oxidative degradation’*4 of the 
spirostan rings of 6 produced 7 in a 66% overall yield 
from 3. Hydrogenation of 7 gave either 8 (predominantly 
p-01~; Pt02, HOAc) or a saturated ketone 9 (Pd-C, THP) 
in good yields. Since both 8 and 9 contained the proper C 
skeleton required for the synthesis of la, the remaining 
work was centered on the modification of the oxidation 
level of C-3, 18, and 21, and on the introduction of a 
double bond into C-4,5. 

Functionalizution of C-18. The most efficient way of 
introducing a functional group onto the Me-18 of steroids 
appeared to be a photo1ysis6 of either the nitrite ester or 
the hypoiodite of the 20-01. Unfortunately, irradiation of 
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HO y20R & X-Y=CH20, R=Ac 

1p X-Y=CH20, R=H 

2a X-Y=O, R=Ac - 

$_ X-Y=O, R=H 

10 in benzene did not produce the desired C-18 nitroso 
compound (or the isomeric C-18 oxime). The ‘HMR and 
IR spectra of the major product were consistent with the 
hydroxamic acid (12), which was further characterized as 
the crystalline triacetate (13). Apparently a free radical 
intermediate 14 was in equilibrium with 15, and the latter 
recombined with a nitrosyl radical to give 16 which was 
hydrolyzed to 12 during work-up. The IR absorption of 
12 at 1675cm-’ was in good agreement with 1664cm-’ 
for N-octanoylhydroxylamine in chloroform,’ or -6 p 
for N-acetylhydroxylamine.8 The IR absorption of 13 at 
1793 cm-’ was in good agreement with 1785cm-’ for 

tThe ‘HMR spectra suggested that most products from this 
reaction, though not identified, still contained the Me-l& The 
free radical group on the C-18 of the initial intermediate was 
probably transferred onto other carbons prior to recombination 
with the iodine (or acetate) radical. 

*Worse still, 24 (desired) could not be separated from 25 by the 
ordinary method (recrystallization, TLC, column). In the absence 
of the ll@ubstituent the chromatographic separation was not 
difficult at all. The selective hydrogenation of ?4/25 mixture over 
Wilkinson’s catalyst produced an inseparable mixture of 26 and 
27 along with 22, though a successful example of such hydro- 
genation is recorded in the literature (Ref. 10). 

BThis can be explained by the steric hindrance of 11/3-sub- 
stituent on C-2. 
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0-acetyl of N-benzoyl-0-acetylhydroxylamine in chloro- 
form.’ 

Irradiation of the hypoiodite (11) under the standard 
conditions6 did not produce the desired material (this 
time 18) either. Only one compound (17) was isolated 
from the complex reaction mixture.t 

A successful functionalization of C-18 could only be 
achieved by stifling the recombination of the C-l la radical. 
A logical approach was the photocyclization of 9. This 
afforded 25% of 2Oa and 15% of ulb. A selective 
saponification of 20a with potassium carbonate produced 
21 as the major product which was then oxidized to 22 with 
pyridinium chlorochromate. Alternatively, 9 could be 
selectively saponified to 19, which was then photocyclized 
to 21. The latter route gave a better overall yield than the 
first one. 

Introduction of the A4.5 double bond. The synthesis of la 
from 22 involved two problems: (1) transformation of the 
20a-hydroxy-l&20-cyclopregnane to 18-oxo-20-0x0-21- 
acetoxypregnane, and (2) introduction of a double bond 
into the ring A. The latter problem was worked out first. 
The 1 l/3-substituent of 22 significantly changed the chem- 
ical properties of A/B ring system of 22 and the unsaturated 
relatives (23-27). The extent of deviation was far more than 
expected simply from the steric bulk of the 1 lp-acetoxy- 
methyl group. DDQ oxidation of 22, a routine operation for 
the transformation of a 3-0x0-5a steroid to the 3-0x0-1,4- 
diene? invariably gave rise to a significant amount of 25 
along with 23 and 24.4 The introduction of the tirst double 
bond was unusually sIow,(i and the second and third double 
bonds rather fast. The bromination-dehydrobromination 
sequence” instead of DDQ turned out to be equally 
unsuccessful. 

Sharpless” prepared cholest-1-enJ-one from Sa- 
cholestan-3-one by treatment with phenylselenyl chloride 
in ethyl acetate followed by oxidative elimination. We 
repeated the Sharpless’ procedure and did obtain cholest- 

Chart I 

AcO 

AcO 

R1O 

H 

2 R1=R2=H 

5 R1=Ac, R*=H 

5 R1=R2=Ac 

AcO 

7 (66.2% from 3_) g X=H,OH (predominantly B) 

2 X=0 (92% from L) 
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R=H 

R=NO 

R=I 

hv 

16a - 

AC 
B X=OAc or I 

Chart II 

Ro&yio&_&_ 
ii 

2 R=Ac 20a R1=Me, R2=OH 21 X=6-OH - - 

9 R=H (85% from 9 (25% from g) (84% from 20a, 

20b R'=OH, R2=Me 
42% from i?iJ 

- 22 X=0 (94% from 21) - - 

23 (89.9%) - 24 1,4-diene (65.4%) 26 4-ene (54% from 22) 

25 1,4,6-triene 27 4,6-diene - - 
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Diagramt 

Y 

@ i 
X 

A_ 28a A R=H2, X=H 

28b B R=CHOH, X=H -'_ 

s,C R=C6HSNMeCH, X=H 

x,D R=C6H5NMeCH, X=SeC6H5 

I-en-3-one as the major product though the yield was 
lower (57.6%) in our hands. Two other products which 
were not mentioned by Sharpless were isolated and 
identified to be cholest-4-en-3-one (12.8%) and cholesta- 
1,4-dienJ-one (11.6%). No 4,6-dien-3-one was found in 
the reaction mixture. Further, we found that the second 
double bond could be introduced into 5a-cholest-1-en-3- 
one by repeating the same procedure to give cholesta- 
1,4-dienJ-one (89% based on the recovered 1-en-3-one). 
This was somewhat surprising, because a treatment of 
enones with phenylselenyl chloride in pyridine produced 
the a-phenylselenoenones in good yieldsI which reacted 
further with excess phenylselenyl chloride to give the 
a-chloroenones also in excellent yields.“’ In addition, we 
found that the reaction proceeded, though at a slower 
rate, in the presence of epihalohydrin, a HCl scavenger. 
Therefore this reaction is applicable to acid sensitive 
compounds, for instance, 20-hydroxy-18,20-cyclo- 
steroids. This two-step procedure was then applied suc- 
cessfully to the conversion of 22 into 24. The latter 
prepared in this manner was free of 25 and gave pure 26 
upon a selective hydrogenation over the homogeneous 
catalyst. The overall yield of 26 from 22 was 54%, based 
upon the recovered intermediates. The 1-ene could also 
be reduced selectively (24+26) with iron pentacarbonyl 
in the presence of alkali.” 

An alternative route from Sa-3-one to the 4-en-3-one 
gave a comparable overall yield. Sa-Cholestan-3-one 
(28a), a model compound, was protected with an N- 
methylanilinomethylene group (2&), and then treated 
with one equivalent each of lithium diisopropylamide and 
phenylselenyl chloride to give 28d. The latter was im- 
mediately treated with hydrogen peroxide to generate the 
4-en-3-one (29a) and deprotected to give cholest-4-en-3- 
one (29b). This procedure was applicable to a compound 
having a free hydroxyl group as demonstrated by the 
conversion of dihydro-5a-testosterone (28A) into testos- 
terone through 28B, C, D and 29A. 

tY was C8H1, for a, b, c, and d; and was OH for A, B, C and 
D. 

$The ratio is important because only the exe olefin undergoes 
the next reaction. 

§Assayed by Mrs. E. Muir and associates, Endocrinology 
Screening Laboratories, G. D. Searle & Co. 

Y 

R 

& 0 / 

=,A R=C6H5NMeCH 

E,k R=H2 

Creation of the aldosterone type side chain. A model 
experiment for the transformation of the 20a-hydroxy- 
18,20-cycle structure into the aldosterone side chains 
was published elsewhere.16 Dehydration of 26 to 30 in 
the usual manner (phosphorus oxychloride, pyridine, 
100”) gave variable results due to the susceptibility of the 
4-en-3-one system. More consistent results were 
obtained with thionyl chloride and 1,6diazabicyclo- 
octane in methylene chloride-pentane at 0”. The exolendo 
ratio+ in 30 was 5: 1 by phosphorus oxychloride and 4: 1 
by thionyl chloride. The kinetic addition of phenylselenyl 
bromide to 30 followed by the oxidative elimination as 
described in the model work’” produced 31 in a moderate 
yield. Saponification of 31 afforded a diol (32) which was 
isolated as a crystalline toluene solvate. A regioselective 
acetylation of the allylic hydroxy group of 32 with acetic 
anhydride in pyridine afforded the desired monoacetate 
(33) as the major product, along with recovered 32 and 
some diacetate. The ‘HMR signal of 32 at 4.08 ppm 
(H-21) shifted to 4.48 ppm in 33 demonstrating that the 
allylic alcohol was selectively acetylated. The target 
compound, 11-homo-aldosterone acetate (la), was 
obtained by an oxidative cleavage of the 18,20-double 
bond of 33. The ‘HMR spectrum of la in deuterioch- 
loroform was remarkably similar to that of aldosterone 
acetate (2a) except for three multiplets at S 3.63 (two 
H-lla of minor lactol), 3.87 (a H-lla of major lactol), 
and 4.02 (the other H-l la of major lactol) ppm. The rest 
of the ‘HMR assignment is given in the experimental. 
This spectrum demonstrated that in the solution la exis- 
ted as a 4: 1 mixture of the anomeric tact01 forms (la). 

The homologous acetate (la) exhibited 23% of the 
affinity of the natural aldosterone to the rat aldosterone 
receptor.8 The affinity of la was as high as that of 
Spironolactone, an antialdosterone steroid available on 
the market. 

The acetyl group of la was removed by treatment with 
anhydrous methanol in the presence of potassium car- 
bonate at 25”. The major product showed a single spot on 
TLC and crystallized from ethyl acetate. The crystalline 
lb showed no 20-ketone group in the IR spectrum (KBr 
disc), demonstrating that it existed as a double acetal 
form (34). In a chloroform solution lb did exhibit a 
moderately intense absorption of 20-ketone at 1705 cm-~‘. 
The ‘HMR spectrum of lb suggested that it consisted of 
three lactol forms in the deuteriochloroform solution, 
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26 - - 

la R=Ac - 

b R=H 

probably two lbs and a 34. Three H-18 signals as well as 
three Me-19 signals were observed as described in the 
experimental. 

EXPERIMENTAL 

Mps are uncorrected. IR spectra were taken in CHCIr solu- 
tions. ‘HMR spectra were run on a Varian XL-100, A FTJOA, or 
on a 60AT spectrometer in CDCIs solns with TMS as internal 
standards, unless otherwise specified. The coupling constants J 
are given in Hz. Unless otherwise stated, the organic extracts 
from the mixtures were dried over NaSO, and then concen- 
trated under reduced pressure. The solvent system for a 
chromatographic separation is described, for example, EtOAc in 
toluene. This implies the elution was started with 100% toluene 
and continued with toluene containing increasing amounts of 
EtOAc until all the material was eluted. When a solvent svstem is 
stated like lO-50% EtOAc in cyclohexane, the elution was in- 
itiated with cyclohexane containing 10% (volume) of EtOAc and 
finished with cyclohexane containing 50% of EtOAc. 

1 Ifi-Hydroxymethyl-tiaoaenine (4) ond its 3-O-acetate (5) 
To a soln of 4.7 g of313 in 108 ml THF was added, under N2 at 

7”. 10ml of 1 M borane in THF. The mixture was allowed to 
stand at 25” for 1 hr then cooled to 5”, and stirred with 5 g AcOK 
in 5 ml water and 6 ml 30% H202. After stirring at 35” for 0.5 hr 
the THF layer was separated and washed with a sat. NaClaq. 
The aqueous wash was extracted with CHrCLr. The THF and 
CH$lr solns were combined, dried over MgS04, stripped of the 
solvent, and chromatographed on a silica gel column using lO- 
50% EtOAc in benzene. The less polar major nroduct was 
recrystallized from CH,C&-EtOAc to give pure 5:-m.p. 248”; 8 
(60 MHz) 4.65 (m, lH, H-3a). 4.35 (m. 1H. H-16a). 3.76 (broad d. 
lH, J 7), 3.55 (broad d, lH, j 7), 3.35’(m, 2H, H-27), 2.02 (s, 3H); 
0.93 (s, -3H), 0.85 (s, -3H); 3630, 1728 cm-‘. (Found: C, vma. 
73.77; H, 9.95. C,OI-&sOs requires: C, 73.73; H, 9.90). 

The more polar minor product was recrystallized from EtOAc 
to give 4: m.p. 245”; 3610, 1455, 1050, 1013, 980, 895 cm-‘. v,,, 
(Found: C, 77.89; H, 10.49. C28H4403.iH20 requires: C, 78.00; H, 
10.40). 

The combined yields for 4, 5, and the mixture of both were 
over 85%. 

31 R1=R2=Ac - 

32 R1=R2=H - 

33 R'=H, R2=Ac - 

34 - 

1 l/3-Hydroxymethyltigogenine diacetote (6) 
Either 4 or 5 or a mixture of both was quantitatively acetylated 

with excess (3x) AcrO in pyridine (25’, 3 days). Recrystallization 
from MeOH gave pure 6: m.p. 132-133”; 6 (60 MHz) 4.7 (m, 1H. 
H-3a), 4.5 (m, lH, H-16a),-4.2 (m, 2H, H-lla), 3.40 (m, 2H, 
H-27), 2.03 (s, 3H), 2.00 (s, 3H), 0.89 (s, -3H), 0.80 (s, -3H). 
(Found: C, 72.35; H, 9.48. C3rHS006 requires: C, 72.41; H, 9.50). 

3/3 - Acetoxy - 1 l/3 - ncetoxymethyl - 20 - 0x0 - 5o - pregn - 16 - 
me (7) 

From 6. To a soln of 3 g pyridine hydrochloride in 45 ml Ac*O, 
9.8 g of 6 was added. The resulting mixture was refluxed for 3 hr. 
After cooling the mixture was diluted with 5 ml AcOH and 7.9 ml 
water. When the heat evolution had subsided, a soln of 5.4g 
CrOr in 50 ml 90% AcOH was added. This mixture was kept at 
20-25” for 2 hr, then treated with 3 ml 36% formalin and 8 g 
NaOAc, and finally heated with steam for 1 hr. The mixture was 
diluted with water and extracted with CH& Chromatography 
on 800g of silica gel using 15% EtOAc in benzene afforded 3.77 g 
of 7 (recrystallized from CH+&-Skelly B): m.p. 158.5”; 8 
(60 MHz) 6.69 (m, lH), 4.73 (m, lH, H-3a), 4.16 (m, 2H, H-lla), 
2.25 (s, 3H, Me-21), 2.10 (s, 3H, AcO-lla), 2.02 (s, 3H, AcO-3fi), 
0.98 (s, 3H), 0.93 (s, 3H); v,,,,, 1735, 1670, 1589, 1370, 1260, 
1034 cm-‘: A,.. 237.5 nm (c 9.750). (Found: 
Cr6H3s05 reqi;es: C, 73.27; H; 8.65) 

C. 73.37: H. 9.03. 

From 3. Starting from 241 g of 3, using the crude intermediates 
(without chromatography), 328g of greenish gum was obtained 
from which 106g of 7 was isolated by recrystallization from 
i-PrOH. An additional 40 g of 7 was obtained by chromatography 
of the final mother liquor. The total yield was 146 g (66.2%). 

38 - Acetoxy - 116 - acetoxymethyl - 20 - hydroxy - 5a - 
pregnane (8) 

A soln of 7.46 g of 7 in 200 ml glacial AcOH in a Parr shaker 
was hvdroaenated (2 hr 25”) in the oresence of 0.70 R PtO, under 
an initial pressure‘of 64.5’p.s.i. The product was freed-of the 
catalyst and the solvent, and recrystallized from Skellysolve C to 
give 7.25 p. of 8: m.n. 148-149”: 8 (60 MHz) 4.58 (m, lH, H-3a), 
4.22 (m, 2H, H-lla), 3.70 (m, lH, H-20), 2.04 (s, 3H), 2.02 (s, 3H), 
1.12 (d. 3H. J 6. Me-21). 0.90 Is. 3H. Me-19). 0.78 (s. 3H, Me-18): 
Y,,, ‘3615,’ 1736, 1370;’ 1030 cm-‘. ‘(Found: C, 72.09; .H, 9.84. 
C26H4205 requires: C, 71.85; H, 9.74). 
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Photolysis of nitrite ester (10) 
Formation of 12. To an ice cold soln of 1.4 E of 8 in 20 ml 

pyridme nitrosyl chloride gas was introduced. Aft& 20 min, 8 had 
completely reacted. A less polar 20@ritrite (R, 0.74 on Woelm 
silica gel plate with 15% EtOAc in benzene) and a very minor 
product (perhaps 2Ocr-nitrite, I!, 0.705) were formed. The pyri- 
dine soln was diluted with 5OOml benzene and treated with ice 
water. The organic layer was washed with cold 1% NaClaq., 
dried over Na$O,, and irradiated with a 200W Hanovia high 
pressure mercury lamp through a Pyrex lilter under Nr at 17” for 
2.5 hr. The crude product containing no less than 6 compounds 
was chromatographed on neutral silica gel using EtOAc in 
CH&. The major product (12, 0.25g) was found in the 100% 
EtOAc fractions: thick glass; 6 (60MHz) 4.63 (m, IH, H-3a), 
3.67 (m, IH, H-20) 2.02 (s, 3H); v,,,, 3610, 3425, 3300, 1725 
(ester), 1675 (amide), 1268, 1030, %6 cm-‘. (Found: C, 68.28; H, 
9.38; N, 3.13. Cr4H3sN05 requires: C, 68.37; H, 9.33; N, 3.32). 

The glassy 12 (0.2 g) was acetylated with 0.075 ml AczO in 5 ml 
pyridine at 25”. Chromatography on a silica gel column using 
EtOAc in benzene gave a crystalline triacetate which was 
recrystallized fromHether to give pure 13: m.p. 184”; 6 (100 MHz), 

9.20 (s, lH, 0=&-O), 4.7 (m, 2H, H-3 and H-20), 2.73 (m, lH, 
H-lla), 2.22 (broad d, lH, H-12/3), 2.21 (s, 3H, AcO-N), 2.05 (s, 
3H, AcO-20), 2.02 (s, 3H, AcO-3) 1.14 (d, 3H, Me-21), 0.88 (s, 
3H), 0.78 (s, 3H); v,,,,, 3368 (broad), 1793, 1730 (broad), 1450, 
1376, 1260, 1033, 8%cm-‘.t (Found: C, 66.14; H, 8.70; N, 2.51. 
C2sH4s07N requires: C, 66.51, H, 8.75; N, 2.77). 

Photolysis of hypoiodite (11) 
An attempt to prepare 18. A suspension of 2.Og CaC09 and 

6.0 g lead tetraacetate in 170 ml cyclohexane was refluxed for 
5 min and then treated with 1.6 g I, under reflux for 1 hr. To the 
refluxing reagent l.Og of 8 was -added and the mixture was 
irradiated with a 1 kW sun lamp with vigorous stirring until the 
color of I, had disappeared (25 min). The mixture was washed 
with Na&O,aq., washed with water, dried over MgSO,, and 
concentrated. The residue was treated with 3 I! NaOAc in 30 ml 
DMF for 2 hr on steam. The mixture was diluted with water and 
extracted with ether. The ethereal extract containing no less than 
6 products was chromatographed on a low pressure column 
(100 g silica gel) using EtOAc in CHrClr. Only one product (28%) 
was cleanly separated (13% EtOAc in CHrClJ. It was recrystal- 
lized from cyclohexane to give 17: m.p. 132.5”; S (68MH.z) 4.6 
(m, lH, H-3a), 4.52 (q, lH, J 6 and 11, H-20), 3.98 (t, lH, J 6.5, 
H-lla), 3.66 (broads, 2H, H-18), 3.57 (t, lH, J 11, H-lla), 2.06 (s, 
3H), 2.01 (s, 3H), 1.17 (d, 3H, J 6, Me-21), 0.875 (s, 3H). (Found: 
C, 72.02; H, 9.43. C26H4005 requires: C, 72.19; H, 9.32). 

38 - Acetoxy - 11 fi - acetoxymethyl - 20 - 0x0 - 5a - pregnane (9) 
From 8. A Jones’ oxidation of 8 produced 9 as a sole oroduct 

which was recrystallized from EtOAc: m.p.160-162”; S (60 MHz) 
4.68 (m, 1H. H-3~). 4.41 (a. 1H. J 6.5 and 11. H-lla). 3.97 (a. 1H. 
19.5 and 11, H-lla), 2.12’(s, 3H, Me-21), 2.03 (s,‘jH), 2.6b (s; 
3H), 0.91 (s, 3H), 0.67 (s, 3H); v,,,,, 1736, 1710, 1373, 1260, 
1030cm-‘. (Found: C, 71.95; H, 9.54. C26H4005 requires: C, 
72.19; H, 9.32). 

From 7. A soln of 9.8 g of 7 in 100 ml THF was shaken under 
an initial pressure of 58 p.s.i. of Hr in the presence of 0.98 g 5% 
PdC. During 45 min, 98% of the calculated amount of Hz was 
taken up. The product was freed from the catalyst and the 
solvent, and recrystallized from Skellysolve C to give 9.Og 
(91.8%) of pure 9: m.p. 160.5”; no UV absorption as a 5 mg% 
MeOH soln. The ‘HMR and IR spectra were indistinguishable 
from the specimen prepared from 8. 

tN-benzoyl-O-acetylhydroxylamine exhibited IR absorption in 
CHCIs at 3311, 3195 (both N-H), 1785 (acetyl), 1701 (benzoyl), 
1451, 1366#8_(ref. 7). 

SThe mother liquor, diol, the other monoacetate and the reco- 
vered 9 were combined, reacetylated, and recycled. On this basis 
the yield of 19 was 85%. 

38 - Acetoxv - 116 - acetoxvmethvl - 20a - hvdroxy - 18,20 - 
c&lo - 5a -‘pregnhne @la) &td its 208 - hydrixy isbmer @lb) 

A stirred susoension of 20 a of 9 in 900 ml EtOH was irradiated 
with a 200 W medium press&e Hanovia lamp at 20” under a N2 
stream. The starting material had disappeared after 7 hr. The 
photolysis product was chromatographed on a silica gel (2 kg) 
column using EtOAc in benzene. The fractions eluted with 20% 
EtOAc in benzene gave 2.52g of ulb, followed by 2 g of a 
mixture of b and a. and finally 3.78 g of 28a. The mixture 
fractions were rechromatographkd. The-yields of 28s and U)b 
amounted to 25 and 15% respectively. For analysis, 28a was 
recrystallized from CH$&cyclohexane; m.p. 182”; 8 (100 MHz) 
4.68 (m, lH),4.40(q, lH, 16.5 and 11, H-lla), 3.73 (t, lH, J 11.5, 
H-lla). 2.15 (a. 1H. J 1.7 and 13, H-120), 2.11 (s, 3H), 2.03 (s, 
3H), l:il9 (s, 3H, Me-21) 0.86 (s, 3H); v,;, 3600, 1730, 1372, 1255, 
1030cm-‘. (Found: C. 72.01: H. 9.54. C,,H,O, reauires: C, _~ .” ” 
72.19; H, 9.32%). The analytical specimen of 2Ob was-provided 
by recrystallization from ether; m.p. 157.5”; 6 (60 MHz) 4.6 (m, 
lH, H-3a), 4.37 (q, IH, J 11 and 6.5, H-lla), 3.67 (t, lH, J 11.5, 
H-lla), 2.43 (broad d, lH, H-12@, 2.09 (s, 3H), 2.03 (s, 3H), 1.40 
(s, 3H, Me-21) 0.85 (s, 3H, Me-19); a~,,,,, 3600, 1730. 1370, 1250, 
1027cm-‘. (Found: C, 72.05; H, 9.35. C26H4005 requires: C, 
72.19; H, 9.32%). 

3p - Hydroxy - 110 - acetoxymethyl - 20 - 0x0 - 5a - pregnnne 
(19) 

A soln of 34 g of 9 in 800 ml THF was stirred as a soln of 11 g 
K&O, in 8OOml 80% MeOH was added. The slightly cloudy 
mixture was stirred for 6 hr and then allowed to stand overnight. 
The bulk of the solvent was removed under reduced pressure, 
and the residue was diluted with water. The solid product was 
collected by filtration, air-dried, taken up in CH& and filtered 
to recover the insoluble diol (4 g). The filtrate was concentrated 
and chromatoaranhed on a silica gel column usina EtOAc. Fol- 
lowing the recovered 9 (12 g), a small amount-of the other 
monoacetate and 19 (16 a) was eluted. The uure 19 (13 g, 42%)t 
was obtained by recrystallization from CHrClr-SkellyHolve B; 
m.p. 132-133”. (Found: C, 73.57; H, 9.69. CZ4H3s04 requires: C, 
73.80; H, 9.80). 

30 - Hydroxy - 11s - ncetoxymethyl - 20~1 - hydroxy - 18,20 - 
cycle - 5a - pregnane (21) 

From 19. A soln of 13 e of 19 in 900 ml EtOH was irradiated 
with a medium pressure- Hanovia lamp under N, for 11 hr. 
Chromatography on silica gel using EtOAc in toluene gave 5.5 g 
(42.3%) of 21. The analytical specimen was provided by recrys- 
tallization from CH+&cyclohexane; m.p. 105”; 6 (80 MHz) 4.37 
(q, IH, J 7 and 12, H-lla), 3.68 (t, lH, J 12, H-lla), 3.6 (m, IH, 
H-3o), 2.08 (s, 3H), 1.44 (s, cyclohexane), 1.08 (s, 3H). 0.86 (s, 
3H); G,, 3590, 1730cm-‘. (Found: C, 74.56; H, 10.80. 
C,,H,,Oa$Z,H,, reauires: C. 74.95; H, 10.25). __ _” . _ ” ._ _ 

From 2Oa. A soln of 700 ml of 0.1 M.KrCOs in 80% MeOH was 
added into a cold soln of 25 g of 28a in 400 ml MeOH in an ice 
water bath. The mixture was stirred at 25” for 2 hr then neu- 
tralized with AcOH. The work-up procedure was the same as for 
9+ 19. The trio1 (6.54 g) was recovered by filtration of the CH,CI, 
extract. The filtrate was separated on a Waters’ column (Polasil, 
ethyl acetate in toluene) to give 2.1 g of 28a. 11.3 a (50.1%. or 
83.9% based upon the recovered intermediates whiih could be 
recycled) of 21, and 1.83 g of a mixture of the other monoacetate 
and the triol. 

3 - 0x0 - 1 l/3 - acetoxymethyl - 200 - hydmxy - 18,20 - cycto - 5a - 
pregnane (22) 

A mixture of 10.5 g of 21, 10.5 g NaOAc, and 11 g pyridinium 
chlorochromate in 500 ml CHrClr was stirred at 25” for 3 hr. The 
mixture was treated with water and extracted with CHZC12. The 
organic layer was washed with cold 1% HCI, washed with 2% 
NaHC03aq., dried, and passed through a short column of 
Florisil. The cr);stalline 22 (9.81 g, 94%) was obtained upon 
evaporation of the solvent. The analytical sample was obtained 
by recrystallization from CH#&ether; m.p. 183”; S (6OMHz) 
4.45 (q, 1H. J 12 and 6.5, H-lla). 3.77 (t, IH, J 12, H-lla), 2.06 (s, 
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3H), 1.06 (s, 3H), 1.04 (s, 3H); v,,,,, 3580, 1729, 1705cm-‘. 
(Found: C, 74.35; H, 9.41. CZ4Hj604 requires: C, 74.19; H, 9.34). 

11s - Acefoxymethyl - 2Oa! - hydroxy - 18,20 - cycle - Sa - pregn - 
I- en - 3 - one (23) 

The procedure was essentially the same as for Scr-cholest-l-en- 
3-one. The mixture obtained from 4.81 g of 22 was cbmmato- 
graphed on silica gel (a low pressure column) using EtOAc in 
toluene to produce 2.88g (60.1%) of 23, 0.64g (13.4%) of 26, 
0.2Og (4.2%) of a mixture of 26/24, and 0.58g (12.2%) of 24 
eluted from the column in this sequence. The total yield of useful 
substances (23,26,24) amounted to 89.9%. The analytical speci- 
men of 23 was crystallized from ether-cyclohexane; 139”; 8 
(80 MHz) 7.20 (d, lH, J 10.5, H-l), 5.88 (d, IH, J 10.5, H-2), 4.41 
(q, lH, J 11 and 7, H-lla), 3.88 (t, lH, J 11, H-lla), 2.09 (s, 3H), 
1.09 (s, 3H), 1.05 (s, 3H); A,,, 227nm (8 12,000). (Found: C, 
74.38; H, 8.95. C24H3404 requires: C, 74.08; H, 8.87%). 

118 - Acetoxymefhyl - 2Ocr - hydroxy - 18,20 - cyclopregna - 1,4 - 
dien - 3 - one (24) 

By PhSeCl. A soln of 4.67 g of 23 and 2.72 g phenylselenyl 
chloride in 120ml EtOAc was stirred at 25” for 3hr. After the 
usual work-up (see cholesta-1,4-dien-3-one), the residue was 
chromatographed on silica gel (a low pressure column) using 
EtOAc in toluene to give 2.22g of recovered 23, 0.21 g of a 
mixture of U/24, and 1.46 g (65.4% based upon the consumed 23) 
of 24. The analytical sample of 24 was crystallized from EtOAc; 
m.p. 198”; S (80MHz) 7.22 (d, lH, J 10, H-l), 6.25 (q, lH, I 10 
and 2, H-2), 4.55 (q, lH, J 10 and 6, H-lla), 3.95 (t, IH, J 10, 
H-lla), 2.12 (s, 3H), 1.26 (s, 3H), 1.09 (s, 3H); v,,,,, 3585, 1733, 
1659, 1622, 16OOcm-‘; Amax 244 nm (E 17,300). (Found: C, 74.80; 
H, 8.42. C&t0d requires: C, 74.97; H, 8.3%). 

By DDQ. A soln of 2.0 g of 22 and 2.5 g DDQ in 40 ml dioxane 
was refluxed for 20hr. After cooling, the mixture was filtered to 
remove the hydroquinone, diluted with CH& washed with 2% 
NaOHaq., washed with 1% NaClaq., dried, and concentrated. 
The residue, upon chromatography on silica gel, produced O.% g 
of recovered 22 containing a little 23, 0.70 g of 24 contaminated 
by 25. The last fraction was recrystallized from CH&-ether to 
give impure 24; m.p. 193”; Amax 243nm (6 13,ooO), 300nm (c 
3,100). To show that 24, obtained by DDQ oxidation, was con- 
taminated by 25 was verified by subsequent hydrogenation over 
Wilkinson’s catalyst. The reduced product, recrystallized from 
CH+&-ether, was a 2:1 mixture of 26 and 27; m.p. 150.5”; S 
(80 MHz) in addition to all the signals of 26, 6.13 (broad s, H-6 
and H-7 of 27), 5.60 (broad s, H-4 of 27), 1.18 (s, 27), 1.13 (s, 27); 
A max 241.5 nm (E 14,500 due to 26), 282 nm (c 7,500, due to 27). 

1 l/3 - Acetoxymethyl - 20a - hydroxy - 18,20 - cyclopregn - 4 - en - 
3 - one (26) 

By Wilkinson’s cafalyst. A soln of 0.58g of 24 and 1.16g 
tris(triphenylphosphine)-rhodium chloride in 25 ml deoxygenated 
THF was shaken under H, until 45.5 ml (101% of the calculated) 
of H2 was taken up. The reduced soln was diluted with CH+&, 
washed with 2% NaOH. washed with 2% NaClaq.. dried. and 
stripped of the solvent. Chromatography on Woelm’silica gel (a 
low pressure column) using ethyl acetate-toluene system-gave 
O.lOg of recovered 24 and 0.45 IL (93.2% based on recovered 24) 
of 26. The analytical sample -oi 24 was recrystallized from 
EtOAc-cyclohexane; m.p. 153”; 6 (80MHz) 5.62 (broad s, lH, 
H-4), 4.43 (q, lH, J 12 and 6, H-lla), 3.79 (t, lH, J 12, H-lla), 
2.10 (s, 3H), 1.25 (s, 3H), 1.09 (s, 3H); Amar 240.5 nm (e 17,500). 
(Found: C, 74.51; H, 8.98. C24H3404 requires: C, 74.58; H, 
8.87%). 

By Fe(CO)S. A soln containing 0.55 g of 24 and 10ml iron 
pentacarbonyl in 150 ml ether was stirred vigorously with 3.6 ml 

tThe yield fluctuated. In two other runs the yields were 48 and 
Sl%. 

SThe freshly crystallized substance contained one mole of 
toluene (based uoon ‘HMR). The air-dried crystals contained 
only about 0.5 mole of tdluene. When re&ystallized from 
CH$&EtOAc, 32 contained 0.5 mole EtOAc. 

20% NaOHaq. for 24hr. The mixture was treated with an 
ethereal soln of I2 until the evolution of CO ceased. The mixture 
in ether was washed with Na,SO,aq., washed with NaClaq., and 
dried. Chromatography on s&a gel produced 0.15g of 26 and 
0.30 g of deacetylated-26. The latter was reacetylated to 26 with 
AczO in pyridine. A total of 0.44 g (88%) of 26 was obtained. 

11s - Acetoxymethyl - 18,20 - cyclopregna - 4,20 - dien - 3 - one 
(30) 

Wirh POCK,. A soln of 0.65 g of 26 and 2.5 ml PO& in 15 ml 
pyridine was heated on steam for 60min. After cooling, the 
mixture was poured onto ice, acidified with HCI, and extracted 
with CH+&. The organic layer was washed with 1% NaClaq., 
dried, and chromato&aphed on Florisil using EtOAc in CH& 
to give 0.42g (68%)t of crude 30. The exolendo ratio of the 
im$re 30 was better than 5: 1 based upon the intensity of the 
OAc peaks in the ‘HMR. 

With SOC12. To a soln of 1.35g of Xi and 1.5g 1,4diazabi- 
cyclooctane in 100 ml CH2Cls-n-pentane (1: 1) was added 4.5 ml 
of 10% (in volume) SOCll in n-pentane at -20” under vigorous 
stirring. The mixture was stirred at -20 to 0” for 3 hr, then diluted 
with CHXI,, washed with 1% NaHCOlaa., dried, and chroma- _ _ - . 
tographed on Woelm silica gel using EtOAc in cyclohexane to 
dve 0.52 p. (40.4%) of uure 30 and 0.45 K (34.9%) of somewhat 
impure 30: Based on thd intensity of the && peaks in the ‘HMR 
spectrum, the exolendo ratio in 30 was better than 4: 1. ‘HMR S 
(80 MHz) 5.63 (broad s, lH, H-l), 4.70 (m, 2H, H-21 of exe), 4.50 
(q, lH, J 11 and 6, H-lla), 3.73 (t, lH, J 11, H-lla), 2.09 (s, 
>2.4H, OAc of exe), 2.06 (s, <0.6H, OAc of endo), 1.27 (s, 3H), 
v,,,,, 1740.1672, 1620, 1373, 1034,882 cm-‘. 

110 - Acefoxymethyl - 21 - acetoxy - 18,20 - cyclopregna - 4,18 - 
dien - 3 - one (31) 

Using the same conditions as described in the model work,16 
0.55 g of 30 was treated with 0.45 g phenylselenyl bromide fol- 
lowed by oxidative elimination. Chromatographic separation on a 
silica gel column afforded 0.18 g (28.3%) of 31, along with a 
mixture (0.30 g) of recovered 30 and the vinylic bromide. ‘HMR 
of 31: 6 (80MHz) 5.77 (q, lH, J- 1, H-18), 5.63 (broad s, lH, 
H-4), 4.48 (broad s, 2H, H-21), 4.1 (m, 2H, H-lla), 2.07 (s, 6H, 
two acetoxys), 1.27 (s, 3H); vmax 1742, 1666, 1623, 1374, 1255, 
1033 cm-‘. 

11s - Hydroxymethyl - 21 - hydmxy - 18,20 - cyclopregna - 4,18 - 
dien - 3 - one (32) 

Crude 31 (0.27 g) was dissolved in 4 ml EtOH and treated with 
1 ml of 20% NaOHaq. at 25” for 2 hr. The saponified product was 
extracted with CH& and chromatographed on 3g of Florisil. 
Fractions eluted with 20% EtOAc in CH2C12 afforded 98 mg (40% 
from crude 31) of crystalline 32 which was recrystallized from 
toluene to form an insoluble toluene so1vate.S The m.p. 189” (the 
crystalline form changed at 85-90” due to the loss of the solvent); 
S (80 MHz) 7.18 (broad s, 5H, toluene), 5.82 (q, IH, J - 1, H-18), 
5.66 (broad s, lH, H-4), 4.08 (broad s, 2H, H-21), 3.93 (m, IH, 
H-lla), 3.62 (t, lH, J 10, H-lla), 2.34 (s, 3H, toluene), 1.30 (s, 
3H); v,, 3610, 3440, 1663, 1617cm-‘. Found: C, 79.03; H, 8.78. 
C22H3003-$,Hs require& C, 78.83; H, 8.82%). 

11s - Hydroxymethyl - 21- acetoxy - 18 - 20 - cyclopregna - 4,18 - 
dien - 3 - one (33) 

A soln of 99.3 mg of 32 in 7 ml pyridine was treated with 
88.7 mg AczO at 25” for 2.5 hr. The mixture was decomposed with 
MeOH (25”, 0.5 hr) and blown down under a N2 stream. Chroma- 
tography on 6 g of Florisil using EtOAc in C&Cl2 gave 20.0 mg 
of 31 (found in 10% EtOAc fractions), 47.7 mg (95.4% based 
upon recovered 31 and 32) of 33 (20% EtOAc fractions), and 
30.7 mg of 32 (50% EtOAc fractions). ‘HMR 6 (80 MHz) 5.79 (q, 
IH, J- 1, H-18), 5.63 (s, IH, H-4), 4.48 (s, 12H, H-20, 4.06 
(broad s, < lH, H-21 of the other monoacetate), -3.7 (m, -2H, 
H-lla), 2.08 (s, 3H). 

11s - Hydroxymethyl - 3,18,20 - trioxo - 21 - aCetoxY .- 4 - 

pregnene: 11 - Homo - aldosterone acetate (la) 
A soln of 47.7 mg of 33,24 mg of N-methylmorpholine N-oxide, 
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374nm (c 14,500). (Found: C, 80.01; H, 9.09; N, 3.33. C2,H3rN02 
requires: C, 79.%; H, 8.70; N, 3.45%). 

Testosterone (29B) 
The removal of the protecting group from 0.5Og of 29A, ftrst 

with HCI then with alkali, produced 0.28g of 29B; m.p. 154”; 
‘HMR and IR spectra indistinguishable from the authentic tes- 
tosterone. 
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