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The preparation of the title compounds in one step from 16-pregnen-2O-ones by treatment with oxygen and a tri- 
A novel basecatalyzed acetylation with ketene has 

A 
alkyl phosphite in the presence of a strong bage ia described. 
been used to prepare a 17~-acetoxy-15-pregnen-20-one because the parent alcohol is unstable in acidic media. 
new route to 15-androsten-17-ones is reported. 

17a- Hydroxy - 16 -methyl- 15 - pregnen- 20 -ones and 
17a-hydroxy-16-methy1enepregnan-20-ones are well 
known as the products of the treatment of 16a117a- 
oxido-16P-methylpregnan-2O-ones with mineral acids,* 
but only one report has appeared of the preparation 
of 16-unsubstituted 17a-hydroxy-15-pregnen-20-0nes.~ 
These were obtained by allylic bromination of 16- 
pregnen-20-ones with N-bromosuccinimide, and treat- 
ment of the resulting 15-bromo-16-pregnen-2O-ones 
with aqueous alkali. Only two examples of the pro- 
cess were given, but i t  is evident from these that con- 
siderable by-product formation can occur, and both 
examples involved steroids whose only unsaturation 
was in the 16 position. It seems highly probable that 
the method would fail if there were more than one 
allylic position in the molecule. 

Recently we have described4 a preparation of ste- 
roidal tertiary a-ketols from the corresponding ketones 
by reaction with oxygen, a trialkyl phosphite, and a 
strong base at -20 to -25'. The process depends 
upon the in situ reduction by the phosphite of the in- 
termediate a-hydroperoxy ketone, and, by choice of a 
suitable solvent (usually N,N-dimethylformamide-t- 
butyl alcohol), rapid reaction may be achieved despite 
the low temperature. The method was particularly 
successful in the preparation of 17a-hydroxypregnan- 
20-ones, the average yield being 60-70%. It was evi- 
dent from mechanistic considerations that, if this pro- 
cess were applied to 16-unsubstituted 16-pregnen-20- 
ones, reaction of the allyl carbanion with oxygen could 
occur a t  either the 15 or the 17 position, with subsequent 
reduction leading to a hydroxyl group at either of 
these centers in the final product. It seemed probable 
that the tertiary 17 position would be favored over the 
secondary 15 position in the hydroperoxide formation 
thus opening up a route to 17a-hydroxy-15-pregnen- 
20-ones. 

To test the aforegoing hypothesis, 3P-acetoxy-5,- 
16-pregnadien-20-one (1) was treated with oxygen, 
triethyl phosphite, and sodium t-butoxide in t-butyl 
alcohol-N,X-dimethyiformamide a t  - 25". Thin layer 
chromatograms of the reaction mixture revealed that, 
over a period of hours, slow reaction was occurring with 
formation of many products, one of which was major. 
In  order to improve the reaction rate, we modified a 
Parr hydrogenator to permit external cooling of the 
reaction vessel, and, by using this equipment, we were 

(1) Author to whom correspondence should be addressed at  Hoffmann-La 
Roche, Inc.. Nutley, N.  J. 

(2) E. Batres, T. Cardenas, J. A. Edwards, C. Monroy, 0. Mancera, C. 
Djerassi, and H. J. Ringold, J .  Ora. Chem., PB, 871 (1961). 
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able to run our reactions at  -10 to -15" with oxygen 
pressures of 50-75 lb. Under these conditions, com- 
plete conversion of 1 into products occurred in 2-3 
hr. Chromatography of the reaction product, after 
reacetylation (some hydrolysis of the 3-acetate had 
occurred), resulted in the isolation of 2 and 3 whose 
structures were established as follows. 

Compound 2 had infrared and nmr spectra consistent 
with the 17a-hydroxy-15-pregnen-2O-one structure, 
the latter spectrum containing bands attributable to 
the vinyl protons at  15 and 16. The presence of a 
hydroxyl group which was not acetylated by acetic 
anhydride in pyridine was strongly in favor of its 
location at  the 17 position, and, on warming with 
dilute acid, a product having ultraviolet absorption in 
the range 303-313 mp was formed. This ultraviolet 
maximum agrees well with the published data for 
14,16-pregnadien-20-0nes,~ which are the expected 

R 3 

2,R=Ac;R'=H 
4 , R = H ; R ' = H  
8, R = Ac; R'=CH, 
9, R = H  R'=CH, 

H R 

5,5a; R =  Ac 10, R = CH,; R'= H 
65a; R = H I l , R = H ; R ' = H  

15, R = H R' - Ac 7,58; R-H 
16, R=H; R'= Me 

products of dehydration of 17a-hydroxy-15-pregnen- 
20-ones. The final evidence in favor of structure 2 
came from selective hydrogenation of the 15 double 
bond, the product being identical with an authentic 
sample of 36-acetoxy-17 a-hydroxy-5-pregnen-20-one. 

The nmr, ultraviolet, and infrared spectra of 3 were in 
agreement with the suggested structure. In  particular 
the nmr spectrum revealed the presence of two acetate 
groups and the ultraviolet absorption [Az;2" 233 mp 
(e  8700)] was consistent with the presence of an a(,@- 

(5) P1. A. Plattner, H.  Heusser, and A.  Segre, Help .  Chim. Acta, 31, 249 
(1948), 
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unsaturated ketone in the proposed environment. A 
compound was sought with which to correlate 3, and, 
since both 15a- and 15p-hydroxy-4-pregnene-3,20- 
dione are known, conversion into one of these was 
undertaken. Selective hydrogenation over rhodium 
on alumina reduced the 16 double bond yielding 
3p, 15 a-diacet oxy-5-pregnen-20-one, and microbiological 
oxidation oi this material with Flavobacterium dehy- 
drogenans, with concomitant hydrolysis of the 15- 
acetate, led to the A4-3 ketone, which was identical 
with an authentic sample of 15a-hydroxy-4-pregnene- 
3,20-dione.6 

The yields of 2 and 3 by the above procedure were 
only 11.5 and 3% respectively, but, despite some 
development work, we have been unable to obtain 
better resuhs. It, is evident that extensive oxidative 
degradation of the steroids occurs, but, although this is 
reduced if the hydroxylation is conducted a t  atmo- 
spheric pressure, the rate of formation of the desired 
products is also slowed. Under the conditions we have 
elected to use, various by-products can be isolated in 
small amoun.ts, but, wit,h the exception of 3, we have 
not characterized t’hese. 

The general utilitfy of the procedure is shown by the 
following examples. The corresponding 16-pregnen- 
20-ones yielded, respectively, 5 and 6 (30%), 7 (2073, 
and 8 @yo). The two A4-3 ketones, 10 and 11, were 
prepared by hydroxylation of the derived 3-enol ethers 
(11 was also obtained by microbiological oxidation of 
2, vide in f ra)  and subsequent hydrolysis of the ethers 
with aqeuous acetic, acid, the yields being 1 and 9%. 
The dione 12, obtained in 8% yield, is the only com- 
pound whose preparation was performed at  attmo- 
spheric pressure, experiments under our usual con- 
ditions having est,ablished that they were, if anything, 
less satisfactory. This greater ease of reaction is 
perhaps linked to the reported ability of the 11-keto 
group t80 promote the formation of 17a-hydroperoxides.7 

Inspection of the yields in the hydroxylations 
cited leads to the conclusion that they are lowest 
for t’he con-ipounds containing the most unsatu- 
ration. This is ent,irely reasonable since such com- 
pounds present more active positions which may 
ent.er into oxidative side reactions. However, despite 
the poor yields wit,h the unsaturated compounds, the 
method does provide access to the A15 analogs of 
st’eroidal hormones. As 17a-acetoxyprogest,erone is a 
potent orally active progestin, we were interested in the 
preparation of t,he corresponding compound having a 
15 double bond. One preparation of the 17a-hydroxy 
compound 11 has been mentioned already, and 11 was 
also prepared by oxidation of 2 with F .  dehydrogenans, 
the yield being 21%. A by-product of this oxidation 
was 14 (6% yield) which has a saturated ketone in the 
A ring. This material was identified by comparison 
with an authentic sample prepared by Sarett oxidations 
of 6.  The formation of a saturated 3 ketone from 
such an oxidat8ion with F .  dehydrogenans has been 
observed previously.9 The acetylation of 11 to yield 

(6) R. C. Tweit and C. M .  Kagawa, J .  W e d .  Chem.. 7, 524 (1964). The 
authors are indebted to Dr. Tweit for a gift of 15a-hydroxy-4-pregnene-3,ZO- 
dione. 
(7) E. J. Bailey, D. H. R. Barton, J. Elks, and J. F .  Templeton, J .  Chem. 

Soc., 1578 (1962). 
(8) G. I. Poos, G E. Arth, R. E. Beyler and L. H .  Sarett, J .  Amer. Chem. 

SOC., 76, 422 (1953). 
(9) E. L. Shapiro, el al., ibid., 81, 6483 (1959). 

the desired 15 posed certain problems because of the 
ease of formation of the 14,16-diene on treatment with 
acid. This precluded the use of the acidic reagents 
commonly used to acetylate tertiary hydroxyls. The 
literature describes many acid-catalyzed exhaustive 
acetylations using ketene, but alkaline catalysis has 
been used only for unhindered alcohols.1° We have 
established that the strength of base required is roughly 
parallel to the degree of hindrance of the hydroxyl. 
We were able to prepare 15 from 11 using ketene and 
potassium t-butoxide in tetrahydrofuran. We also 
prepared the 17-methyl ether (16) of 11 using methyl 
iodide and silver oxide in N,N-dimethylformamide. l 1  
The analog of Reichstein’s substance “S” was obtained 
by treatment of 2 with calcium oxide and iodine, 
followed by triethylamine and acetic acid12 to give 17, 
and oxidation of this with F .  dehydrogenans to yield 
the desired 18. 

L O  L n  

12 ,RsAc  14 
13 ,R=H 

17 18 

19 20 

15-Androsten-17-ones are compounds whose prep- 
aration has hitherto been rather laborious. la We 
therefore investigated the conversion of 2 into 19 by 
sodium borohydride reduction of the 20 ketone and 
cleavage of the 17,20-diol with lead tetraacetate. The 
reduction went smoothly, but, while the cleavage started 
rapidly, it could not be made to go to completion. 
Furthermore, on prolonged standing with lead tetra- 
acetate, the desired ketone 19 was converted into its 
A14 isomer 20.14 These problems were largely overcome 
by using a short reaction time, separating 19 by selective 
extraction, and recycling the unreacted diol. This 
process gave 19 in 37% yield. 

To complete our knowledge of the hydroxylation of 
16-pregnen-2O-ones, we examined the case of 30- 

(10) (a) C. D. Hurd and A. S. Roe, ibid., 61, 3355 (1939). (b) A. A. 
Ponomarev and Yu. B. Isaev. Zh. Obshch. Khim.,  90, 1079 (1950); Chem. 
Abstr., 44,9349 (1950). 
(11) R. Kuhn, H. Trisohmann, and I. Low, Angew. Chem.. 67, 32 (1955). 
(12) E. S. Rothmsn, T. Perlstein, and M. E. Wall, J .  070. Chem., 96, 1966 

(1960). 
(13) W. S. Johnson and W. F. Johns, J .  Amer. Chem. SOC., 79, 2005 (1967). 
(14) A. F. St. Andre, et al., ibid., 74, 5506 (1952). 
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acetoxy-6,16 -dimethyl- 5,16 - pregnadien-20- one. The 
only material isolated was 3@-acetoxy-17a-hydroxy-6- 
methyl-16-methylene-5-pregnen-20-0ne~~ (11% yield), 
the nmr spectrum of which indicated that, if the isomer 
with the 15 double bond was present, its concen- 
trat,ion cannot have exceeded 50j0. 

Experimental Section 
Melting points were determined on a Kofler hot-stage micro- 

scope. Nmr spectra were recorded at  60 MHz for solutions in 
CDC1, with SiMe4 as internal standard; ultraviolet spectra 
refer to solutions in MeOH. Rotations were measured for ap- 
proximately 1% solutions at  25". The adsorbent used for tic 
was silica gel. 

Hydroxylation of 3p-Acetoxy-5,16-pregnadien-20-one (1).- 
NaH (3 g, 50y0 in mineral oil) was dissolved in t-butyl alcohol 
(15 ml) and DMF (25 mi). A further 25 ml of DMF was added 
and the solution was placed in the reaction vessel of a Parr 
hydrogenator, the vessel having been wrapped with a copper 
coil through which coolant a t  -25' was circulated. With the 
internal temperature -10 to -15', compound 1 (10 g) was added 
and the mixture was shaken under 50 to 75 lb of oxygen pressure 
for 2.5 hr. It was then poured into sufficient AcOH to effect 
neutralization, water was added, and the product was extracted 
with EtOAc. The extracts were washed with a saturated solu- 
tion of NaHCOt and with water and then were dried, and the 
solvent was evaporated. The residue was combined with the 
products from a further nine identical experiments and acetylated 
at  100" for 0.5 hr in excess AczO and pyridine. This material 
was chromatographed on Florisil (2.0 kg) in hexane, eluting with 
increasing proportions of ether. Hexane-ether (7:3) eluted 3 
(4.9 g), which on crystallization from hexane-ether gave 3.25 g 
of almost pure material. Removal of the last traces of a per- 
sistent impurity could not be accomplished routinely. The ana- 
lytical sample was prepared by repeated crystallization from 
hexane-ether of a particularly pure crude sample: mp 196- 
204"; XmSx 233 mp ( E  8700); nmr, 6 1.03 (s, 18-CH3C), 1.07 

CHsCO), and 6.48 (d, J = 1 Hz, 1). 
Anal. Calcd for C25H340i: C, 72.43; H, 8.27. Found: C, 

72.13; H,  8.50. 
Further elution with the same solvent gave 2 (18.9 g) which was 

crystallized from acetone-hexane to yield 12 g of material suitable 
for further transformations. Repeated crystallization from the 
same solvent gave an analytical sample: mp 206-210'; [a ]D  
-159" (dioxane); nmr, 8 0.77 (s, l%CHaC), 1.05 (s, 19-CHsC), 
2.01 (s, CHaCOz), 5.98 (m, 5 1 5 ~ 6  = 6 Hz, J l 4 , 1 5  = 3 Ha, 1) and 

Anal. Calcd for c23H~zo4: C, 74.16; H,  8.66. Found: C, 
74.13; H, 8.42. 

3p,l'la-Dihydroxy-5,15-pregnadien-2O-one (4).-Treatment of 
2 (177 mg) in MeOH (50 ml) and T H F  (2 ml) with aqueous 
KOH (1.5 ml, 190 mg/ml) a t  ambient temperature, precipitation 
of the product by pouring into dilute AcOH, and crystallization 
from aqueous T H F  gave 4: mp 253-270" dec; [a]D -172" 
(dioxane). 

A n d .  Calcd for C21H3003: C, 76.30; H,  9.15. Found: C, 
76.50; H,  9.15. 

Reaction of 2 with Acid.-A solution of 2 (ca. 3 mg) in MeOH 
containing a few milliliters of 1 N HCl was warmed at  50' for 
18 hr. The resultant solution had Xmsx 303-313 mp. 

Hydrogenation of 2.-Compound 2 (200 mg) in EtOH (25 ml) 
was hydrogenated over 10% Pd/C (100 mg) until 1 molecular 
equiv of hydrogen had been consumed. Crystallization of the 
product from EtOH gave 3p-acetoxy-17a-hydroxy-5-pregnen-20- 
one identical (mixture melting point and infrared spectrum) with 
an authentic specimen. 
3p,15a-Diacetoxy-5-pregnen-20-one.-Compound 3 (500 mg) 

in EtOAc (50 ml) was hydrogenated over 5% Rh-ALOa (250 mg). 
The reaction was stopped after 1 molecular equiv of hydrogen had 
been consumed. The product, after filtration and evaporation, 
was chromatographed on Florisil (75 g), eluting with 50% ether. 
Two crystallizations from acetone-hexane afforded 3p,15a- 

(s, lS-CHtC), 2.02 (s, CHaCOz), 2.09 (s, CHtCOz), 2.27 (s, 

6.21 (d, Jis.16 6 Hz, 1). 

(15) J.  N.  Gardner, F. E. Carlon, C. H .  Robinson, and E. P. Oliveto. 
Sferoids, 7 ,  234 (1966). 

diacetoxy-5-pregnen-20-one (161 mg): mp 146-150'; [ a ] ~  
$45.3' (CHCls). 

Anal. Calcd for C25H3606: C, 72.08; H, 8.71. Found: C, 
72.30; H, 9.00. 

15~-Hydroxy-4-pregnene-3,20-dione.-3~,15~-Diacetoxy-5- 
pregnen-20-one (69 mg) was incubated for 7.25 hr with F .  de- 
hgldrogenans9 a t  a concentration of 7.5 mg/100 ml of medium. 
The product was isolated by tlc developing first in CHC13- 
EtOAc (9: 1) and then in the same solvents in the ratio of 4: 1. 
Extraction of the appropriate band with CHCb-acetone and 
crystallization from acetone gave 15a-hydroxy-4-pregnene-3,20- 
dione (20 mg) identical (mixture melting point, infrared spectrum, 
and rotation) with an authentic specimen.6 

Hydroxylation of Jp-Acetoxy-5a,16-pregnen-20-one (21 ).- 
Compound 21 (2.5 g) was hydroxylated as described for compound 
1. The product was precipitated with water from the AcOH- 
DMF solution, isolated by filtration, washed with water, and 
dried. This material was chromatographed on Florisil (70 g), 
eluting with 50% ether to yield 5 (467 mg). Crystallization from 
acetone-hexane, from aqueous MeOH, and again from acetone- 
hexane afforded pure material: mp 151-154'; [ a ] ~  -94.9' 
(dioxane). 

Anal. Calcd for C23H3404: C, 73.76; H, 9.15. Found: C, 
73.94; H, 9.11. 

Further elution with the same solvent and two crystallizations 
from CHzClz-acetone gave 6 (224 mg): mp 236-240"; [ a ] ~  
-124' (CHCla) {lit.3 mp 232-233'; [ a ] ~  -124' (CHC13)]. 

Anal. Calcd for C21H3203: C, 75.86; H, 9.70. Found: C, 
75.51; H, 9.71. 

Hydroxylation of 3p-Hydroxy-Sp,l6-pregnen-2O-one (22).- 
Compound 22 ( 5  g) was hydroxylated as described for compound 
1. The product was chromatographed on Florisil (315 g), 
eluting with benzene-ether (3 : l )  to afford material which on 
crystallization from EtOAc gave 7 (1.24 g): mp 242-244'; 
[ a ] ~  -163.1' (pyridine). The analytical sample had mp 243- 
245.5'. 

Anal. Calcd for Cz1Ha203: C, 75.86; H, 9.70. Found: C, 
75.80; H, 9.40. 

Hydroxylation of 3p-Acetoxy-6-methyl-5,16-pregnadien-20-one 
(23).-Compound 23 (5.65 g) was hydroxylated and acetylated 
as described for 1. The product was chromatographed on Florisil 
(250 g), eluting with benzene-ether (9: l )  to yield an oil (2.08 g) 
which was subjected to partition chromatography on Chromo- 
sorb W (200 g) in the system ligroin-propylene glycol. Crystal- 
lization from CHLL-isopropyl ether of the material in the initial 
fractions yielded 8 (453 mg): mp 167-168.5'; [ a ] ~  -179.5' 
(CHCls); nmr, 6 0.77 (s, IS-CHaC), 1.03 (s, IS-CHtC), 1.63 
(s, 6-CH3C), 2.04 (s, CH3COz), 2.25 (s, CH3CO), 5.98 (m, 
J l b . 1 6  = 6 Hz, J l4 .15  = 3 Hz, l), and 6.27 (d, J15.16 = 6 Hz, 1)  
PPm. 

Anal. Calcd for Cz4H34O4: C, 74.57; H,  8.87. Found: C, 
74.34; H ,  8.91. 

3p,17a-Dihydroxy-6-methy1-5, 15-pregnadien-20-one (9) .-A 
solution of 8 (151 mg) in MeOH (15 ml) was stirred with 2.5 N 
NaOH (0.5 ml) under nitrogen for 3 hr. The mixture was acidi- 
fied with AcOH, and the product precipitated by addition of 
water. Crystallization from MeOH-isopropyl ether gave 9 
(98 mg) as a MeOH solvate: mp 224-230"; [ a ] ~  -173.9' 
(dioxane). 

Anal. Calcd for C2ZH3203.1/ZCH40: C, 74.96; H,  9.51. 
Found: C, 74.57; H,  9.24. 

Hydroxylation of 3-Methoxy-6-methyl-3,5,16-pregnatrien-20- 
one (24).-Compound 24l6 (7 g) was hydroxylated as 1 was. The 
crude product was precipitated from AcOH-DMF by addition of 
water, and after isolation was dissolved in AcOH (30 ml) and 
water (10 ml). This solution was warmed on the steam bath for 
1 hr. The product was isolated by precipitation with water 
and chromatographed on Florisil (200 g), eluting with ether- 
CHtClz (9:l). Crystallization from acetone gave 10 (62 mg) as 
an acetone solvate: mp 218-221'; A,,, 241 mp (e 14,900); 
[ a ] ~  -8.1' (dioxane). 

Anal. Calcd for CZZH&.C&O: C, 74.96; H,  9.06. 
Found: C, 74.67; H, 8.79. 

Preparation and Hydroxylation of 3-Ethoxy-3,5, 16-pregnatrien- 
20-one (25).-A solution of HzS04 in dioxane (35 ml; 1 vol. of 
concentrated acid to 20 vol. of dioxane) was added to a suspen- 

(16) M. J. Weiss, et d., Tetrahedron, 20, 357 (1964). 
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sion of 4,16-pregnadiene-3,20-dione (50 g) in T H F  (175 ml), 
EtOH (5 ml), and ethyl orthoformate (50 ml). I n  2 min the 
solid had dissolved and in 4 min pyridine (20 ml) was added. 
Crystals began to separate. The mixture was diluted with MeOH 
(300 ml) containing a few milliliters of pyridine. The solids were 
isolated by filtration and washed with more MeOH to yield 25 
(25 g), sufficiently pure for hydroxylation. 

Compound 25 (10 g) was hydroxylated as compound 1 was, and 
the crude material was treated with warm AcOH as described 
for the preparation of 10. This product was chromatographed on 
Florisil (100 9); elution with ether and crystallization from 
acetone-hexane yielded 11 (844 mg), mp 210-225', identical 
with the material obtained by oxidation of 2. 

Hydroxylation of 3p-Acetoxy-5a,16-pregnene-l1,20-dione (26). 
-NaH (3 g, 50% in mineral oil) was dissolved in t-butyl alcohol 
(20 ml) and DhiF  (50 ml), and a further 40 ml of the latter 
solvent was added. After addition of triethyl phosphite (6 ml), 
the solution was cooled to -25O, and oxygen was passed through 
it. A solution of 26 (10 g) in T H F  (60 ml) was added and passage 
of oxygen was continued for 80 minutes. The reaction mixture 
was poured into dilute AcOH; the precipitate was isolated by 
filtration and acetylated in excess acetic anhydride and pyridine. 
The resultant material was chromatographed on Florisil (250 g), 
eluting with hexane-ether (1 : 1)  to yield 12 (800 mg), which had 
mp 164-169" after crystallization from acetone-hexane. Further 
crystallization from acetone-hexane gave an analytical sample: 
mp 177-184"; [a]D -58' (dioxane); nmr 6 0.68 (s, 18-CHaC), 
1.02 (s, 19-CH&), 1.97 (s, CHBCOZ), 2.18 (s, CH3CO), and 6.12 
(m, 2). 

Anal. Calcd for C23H3205: C, 71.10; H, 8.30. Found: C, 
71.09; H,  8.28. 

3p, 17a-Dihydroxy-5a, 15-pregnene-1 1,20-dione (ld).-Saponi- 
fication of 12 with KOH in aqueous MeOH at ambient tempera- 
ture gave the diol 13: mp 255-265' after crystallization from 
THF-acetone-hexane; [a]n  +31" (pyridine). 

Anal. Calcd for C2LH3004: C, 72.80; H,  8.73. Found: C, 
72.71; H, 8.70. 

Microbiological Oxidation of 2.-Compound 2 (500 mg) was 
incubated with F .  dehydrogmansg for 15.75 hr a t  a concentration 
of 1 g/l. of medium. The product was chromatographed on 
Florisil (20 g), eluting with 4045% ether-hexane to yield 14 
(78 mg) which on crystallization from CHzClz-acetone gave 26 
mg of almost pure material. The analytical sample, obtained by 
preparative tlc in CHC13-EtOAc (3:1), had mp 250-256" and 

Anal. Calcd for CllH3003: C, 76.32; H,  9.15. Found: C, 
76.51; H,  9.50. 

Further elution with ether and ether-acetone (9 : l )  gave 11 
(151 mg) which on crystallization from CH&lr-acetone gave 
91 mg of material, mp 210-225'. Repeated crystallization gave 
an analytical sample: mp 223-233'; [ a ] ~  -51' (CHC13); Xmax 
240 mp (t 17,100). 

Anal. Calcd for C21H2803: C, 76.79; H,  8.59. Found: C, 
76.75; H, 8.70. 

17a-Hydroxy-5a,lS-pregnene-3,2O-dione (14).-Compound 6 
(136 mg) in pyridine (1.3 ml) was added over 2 min to chromium 
trioxide (110 mg) in pyridine (1 ml). After 18 hr a t  ambient 
temperature, water was added, and the precipitate was isolated 
and extracted three times with hot acetone. The extract was 
concentrated to dryness, and the residue partitioned between 
water and EtOAc. The organic phase was concentrated to 
dryness and the residue was purified by preparative tlc in CHCla- 
EtOAc (3: 1). Extraction of the main band with CHzClz-acetone 
and crystallization from the same solvent mixture gave 14 
identical with material obtained by microbiological oxidation 
of 2. 

17a-Acetoxy-4,15-pregnadiene-3,2O-dione (15).-Compound 11 
(541 mg) and potassium t-butoxide (150 mg) were stirred together 
in T H F  (20 ml), and ketene was passed into the solution until 
no 11 remained [the reaction was followed by tlc on microscope 
slides using the solvent system CHCl3-EtOAc (3: l ) ]  . EtOAc 
was added to the solution which was acidified with AcOH and 
washed with saturated NaHC03 solution and brine. The residue 
obtained by evaporation of the solvent was subjected to partition 
chromatography on Chromosorb W (100 g) in ligroin-propylene 
glycol, fractions of 100-ml vol. being collected. The material 
in fractions 15-:31 (459 mg) was crystallized twice from MeOH 
to yield pure 15 (134 mg): mp 180-185', with sweating from 
172'; Amax 240 inp (e 17,600); [a]D -164.3' (dioxane). 

[a]D -91.9' (CHCla). 
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Anal. Calcd for CtaHaoO4: C, 74.56; H, 8.16. Found: C, 
74.32; H ,  8.12. 

17a-Methoxy-4,15-pregnadiene-3,20-dione (16).-A solution 
of 11 (1.0 g) in D M F  (20 ml) and Me1 (10 ml) was stirred with 
AgZO (2.0 g) a t  ambient temperature for 20 hr. CHCla (100 ml) 
was added and the mixture was filtered. The filtrate was evapo- 
rated to dryness and chromatographed on Florisil (100 g), 
eluting with hexane-ether (1 : 2). Crystallization from CHzClz- 
isopropyl ether yielded 16 (322 mg): mp 180-183'; [ a ] ~  
- 0.6' (CHCla); Xmsx 239 mp (e 17,750); nmr 6 0.78 (s, H-CHaC), 

(s, l ) ,  6.0 and 6.2 (m, 2). 
1.20 (s, 19-CHaC), 2.10 (s, 21-CHaCO), 3.14 (s, 17-CHaO), 5.76 

Anal. Calcd for CZZHaOO3: C, 77.15; H, 8.83. Found: C, 

3@,21-Diacetoxy-l7~u-hydroxy-5,15-pregnadien-20-one (17).- 
2 (5 g) in MeOH (30 ml) and T H F  (40 ml) was cooled to 15' and 
CaO (8 g, from the freshly ignited hydroxide) was added. Azo- 
bisisobutyronitrile (240 mg) was added, followed by iodine (6.6 
8). During the addition of the iodine, which took 10 min, the 
temperature was maintained at  15' by cooling. After a further 
10 min, the mixture was filtered and poured into dilute sodium 
thiosulfate solution. The precipitate was isolated by filtration, 
washed with water, and, while still wet, dissolved in acetone (125 
ml) and AcOH (25 ml). Triethylamine (30 ml) was added care- 
fully and the resultant suspension was stirred and heated under 
reflux for 1 hr. Water was added, and the product was isolated 
by extraction with CH2C12 and acetylated in excess acetic anhy- 
dride and pyridine at ambient temperature for 18 hr. The 
acetate, obtained by precipitation with water, was dried and crys- 
tallized from acetone-hexane to give 17 (3.23 g), mp 185-197'. 
A further crystallization gave an analytical sample, mp 205-207'. 

Anal. Calcd for CzrHa4O8: C, 69.74; H,  7.96. Found: C, 
69.63; H, 8.00. 

17a,21-Dihydroxy-4,15-pregnadiene-3,20-dione ( 18).-17 (2.42 
g) was incubated with F .  dehyd~ogenans~ for 10.25 hr a t  a 
concentration of 0.25 g/l. of medium, and the product was ex- 
tracted into CHCl3. Evaporation of the solvent and crystalliza- 
tion from CHgClz-acetone gave 18 (968 mg). Two further 
crystallizations from the same solvent gave an analytical sample: 
mp 205-214' dec; [ a ] ~  +14.8' (dioxane); Xmex 240 mp (e 
17,000). 

Anal. Calcd for C21H2804: C, 73.22; H, 8.19. Found: C, 
73.25; H, 8.42. 

3j3-Acetoxy-5,15-androstadien-17-one (19).-Compound 2 (4 
g) in MeOH (150 ml) was added to NaBH4 (2 g) in a little water. 
After 1 hr, acetone was added followed by AcOH; the solution 
was poured into water; and the precipitate was isolated, dried, 
and stirred with CHCl3 (300 ml). Pb(0Ac)r (4 g) was added and 
the reaction mixture was stirred for 2 hr. The solution was 
washed with aqueous ethylene glycol and water, then dried 
(MgSOd), and evaporated to dryness. The residue was extracted 
with hot hexane and the insoluble portion was recycled with 
fresh Pb(0Ac)r as already described. Following a second such 
recycling, the total hexane extracts were filtered through Florisil 
in hexane-ether (4: l )  to yield 19 (1.31 g). This material con- 
tained a trace of 20 and the analytical sample was obtained by 
preparative tlc in the system CHCla-EtOAc (9:l). Pure 19 had 
mp 192-194' after two crystallizations from aqueous EtOH; 
[ a ] ~  -144' (dioxane); Amax 230 mp (e 7200). 

Anal. Calcd for CzIH2803: C, 76.79; H,  8.59. Found: C, 
76.80; H, 8.40. 
3p-Acetoxy-5,14-androstadien-17-one (20).-Compound 20 

was isolated by preparative tlc in CHClrEtOAc (9: 1) of a sample 
of 19 obtained from an oxidation which was allowed to run for 
24 hr. It crystallized from aqueous EtOH: mp 132-134'; 
[a]n +50° (CHCL) (lit.14 mp 130-132'; [ a ] ~  $54" (CHCL)]. 

Anal. Calcd for C21H2803: C, 76.79; H,  8.59. Found: C, 
76.99; H, 9.00. 

Hydroxylation of 3p-Acetoxy-6,16-dimethyE5,16-pregnadien- 
20-one (28).-Compound 28 (5 g) was hydroxylated and the 
product was acetylated as described for 1. This material wa.~ 
chromatographed on Florisil (125 g) in hexane eluting with 
30-40% ether to yield material which after one crystallization 
from ether and one from acetone-hexane gave 3@-acetoxy-l7a- 
hydroxy-6-methyl-16-methylene-5-pregnen-2O-one (660 mg), mp 
144-148'. A further crystallization from acetone-hexane afforded 
a sample with a melting point of 148-150", identical with an 
authentic specimen.16 Examination of the nmr spectrum failed 
to detect any of the A16 isomer (lit.16 mp 147-150'). 

7.00; H, 8.85. 
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Reaction of steroid 4- and 5-enes with nitrosyl fluoride gave 5a-flUOr0-4- and -6-nitrimines which on chroma- 
Steroid 

Dehydrofluorination of 5a-flUOrO-4 ketones 
Transformations of these products are discussed. 

tography on alumina containing 6y0 water were converted into 5a-flUOrO-4 and -6 ketones in high yield. 
5-en-3p-ols were converted into A4-3,6-diones in moderate yield. 
gave A6-4 ketones, a relatively inaccessible class of steroids. 
Reactions of nitrosyl fluoride with various steroid olefins are described. 

Since Fried and Sabo discovered that introduction 
of fluorine2 a t  C-9 (a) of cortisone and cortisol sig- 
nificantly enhanced antiinflammatory activity of the 
parent adrenal hormones, a prodigious effort has been 
made to prepafe fluoro steroid hormones3 and to de- 
velop new methods for introducing fluorine a t  key 
positions throughout the steroid nuc leu~ .~  Although 
much work has been done in this area, new methods 
are needed for selectively fluorinating steroids with 
sensitive functional groups. 

There are many examples of nitrosyl chloride addi- 
tion to carbon-carbon double bonds, particularly in 
terpenes, to give dimeric chloronitroso compounds or 
isomeric chloro  oxime^.^ However, this reaction with 
steroid olefins was described only recently; three dif- 
ferent groups6 reported that steroid 5-enes react with 
excess nitrosyl chloride to give 5a-chloro-6fl-nitro 
steroids in good yield. These reports and the ready 
availability of nitrosyl fluoride7,* suggested its eval- 
uation as a steroid fluorination agent. 

Addition of nitrosyl fluoride (NOF) to a simple 
olefin, 2-methylbut-2-ene (1) , in carbon tetrachloride, 
gave as a major product a white crystalline adduct, 

(1) Preliminary reports of portions of this research have been published: 
(a) G. A. Boswell. Jr.. Chem. I n d .  (London), 1929 (1965); (b) G. A. Boswell, 
J. 078. Chem., 81, 991 (1966); and (c) S. Andreades and G. A. Boswell, U. 
S. Patent 3,320,291 (1967). and G. A. Boswell, Jr., U. S. Patent 3,235,571 
(1967). 

(2) J. Fried and E. F. Sabo, J .  Amer. Chem. Soc.,  7 6 ,  1455 (1954). 
(3) Cf. L. F. Fieser and M. Fieser, "Steroids," Reinhold Publishing Corp., 

New York, N. Y., 1959, pp 593 and 682-686. 
(4) Cf. C. Djerassi, "Steroid Reactions," Holden-Day, Inc., San Fran- 

cisco, Calif., 1963, pp 155-177. 
(5) (a) For a review of nitrosyl chloride chemistry, see L. J. Beckham, 

W. A. Fessler, and R f .  A. Kise, Chem. Rev., 48, 319 (1951); (b) P. A. S. Smith, 
"The Chemistry of Open-Chain Organic Nitrogen Compounds," Vol. 11. 
W. .4. Benjamin, Inc., New York, N. Y., 1966, pp 382, 383. 
(6) (a) K. Tanabe and R. Hayashi, Chem. and Pharm. Bull. Jap . ,  10, 1177 

(1962); (b) W. A. Harrison, R. N. Jones, G. D. Meakins, and P. A. Wilkinson, 
J .  Chem. Soc.,  3210 (1964); (c) A. Hassner and C. Heathcock, J .  078. Chem., 
49, 1350, 1964; (d) similar experiments were underway in these laboratories 
about the time of the appearance of the first report. 

(7) (a) For a review of the literature covering nitrosyl fluoride, see A. 
Andreades, J .  078. Chem., 47, 4157 (1962); 47, 4163 (1962). 

(8 )  Nitrosyl fluoride may be purchased from the Ozark-Mahoning 
Co., Tulsa, Okla. 

which, on the basis of its ultraviolet spectrum9 
[Amax 300 mp ( E  7100)], was clearly the fluoronitroso 
dimer 2. This is analogous to reaction of 2-methyl- 
but-2-ene (1) with nitrosyl chloride.'O*lla 

EtOH 

+ NOF - ?F" 
(i-7 
CHB H 

1 

Pii + FC-CCH, (1) 
PF" f0  

W-C-V 

H CH, 
2 

When fluoronitroso dimer 2 was chromatographed on 
alumina I11 or refluxed briefly in 2-propanol containing 
water, it isomerized to the oxime, lost hydrogen fluo- 
ride, and finally, hydrated to give 3-methyl-3-hydroxy- 
butan-2-one oxime (4)" in high yield (eq 2). A second, 
volatile product was isolated by vpc; structure 3 is 
suggested from mass and infrared spectra (see Experi- 
mental Section). 

Reaction of Nitrosyl Fluoride and Steroid 5-Eries- 
Cholesteryl acetate (Sa) underwent reaction with excess 
NOF at 0" in methylene chloride or carbon tetrachloride 
to give a crystalline product (72% yield) which was 
assigned 5a-fluoro-Bnitrimine structure 6a on the basis 
of elemental analysis, molecular weight determinations, 
characteristic imine (6.08 p )  and nitro absorption bands 

(9) (a) A. E. Gilliam and E. S. Stern, "Electronic Absorption Spectroti 
copy," Edward Arnold (Publishers) Ltd., London, 1960, pp 64-65; (b) H. 
Batt ,  B. G. Gowenlock, and J. Trotman, J .  Chem. Soc., 2222 (1960). 

(10) N. Thorne, ibid., 2587 (1956). 
(11) (a) Cf. S. N. Danilov and K. A. Oglobin, Zh. Obshch. Khim.,  49, 2113 

(b) Cf. M. S. Newman, J .  Amet .  (1952); Chem. Abstr.. 48, 1945 (1954). 
Chem. Soc., 76 ,  4740 (1953). 


