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ABSTFIACT 

Practical routes to ga-hydroxypregnenes were developed by epimer- 
ization and hydration of l'j'a-ethynyl-ga,17b-dihydroxyandrost-4- 
en-3-one. In the three different methods of epimerization which 
were used, the C-ga hydroxy group was not susceptible to rear- 
rangement or other side reactions. C-21 functionalized ga-hy- 
droxypregnenes were obtained by introducing a 17a-halogenated 
ethynyl group into ga-hydroxyandrost-4-ene-3,17-dione. Epimer- 
ization and hydration by the 176-nitrooxy method produced 21- 
halogenated ga-hydroxypregnenes, which were further converted 
into 21-acetoxy-ga-hydroxypregn-4-ene-3.20-dione. 

INTRODUCTION 

Although the preparation of ga-hydroxy steroids by microbiologi- 
cal hydroxylation of g-unsubstituted steroids has been known for 

years (1). most of the scarce literature concerning their chemis- 
try is limited to their instability (2) or their direct dehydra- 

tion (1.3) to A 9(11) steroids, which were believed to be more 
stable. ga-Hydroxysndrost-4-ene-3.17-dione, recently produced on 

a large scale by the microbiological degradation of sterols*, 
such as sitosterol, has - as a starting compound - the advantage 

of providing ga-halogen- and llg-hydroxy corticoids without any 
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additional microbiological process step. 
The preceding publication of this series (4) described the suc- 

cessful ethynylation of ga-hydroxyandrost-4-ene-3.17-dione 1. 
By proper protection of the reactive A 4-3-ketone as its 3,5- 
dienol methyl ether 2, 17a-ethynyl-ga.l7B-dihydroxyandrost-Q-en- 

j-one 3 was obtained without rearrangement of the steroid A ring. 

We investigated epimerization of the 17a-ethynyl group and suc- 
cessive functionalization of the ethynyl group in order to create 

new routes for corticosteroid production. The objective of our 
study was to prove that, starting from 17a-ethynyl-ga,l'i'b- 
dihydroxyandrost-Q-en-j-one 3. the synthesis of different preg- 

nsne side chains can be carried out, while keeping C-ga hydroxy 
group intact. Dehydration to g(ll)dehydro steroids was postponed 

to a later stage of the synthetic route. 

JZPFdRIMENTAL 

ga-Hydroxyandrost-4-ene-3.17-dione used as the starting material 
in this study is manufactured at Gist-brocades. Melting points 
were determined on a Dr. Tottoli apparatus (Biichi) and are un- 
corrected. Optical rotations [a] were measured on a Perkin Elmer 
241 polorimeter at 20 C at 589 nm and are given in degrees. 
Infrared spectra are recorded in KBr on a Perkin-Elmer 521 spec- 
trophotometer. Adsorption frequencies are reported in reciprocal 
centimeters. Proton NMH and 13C-NMH are measured on a Bruker AM 
360 MHz spectrophotometer. NMH spectra are taken in CDCl, unless 
otherwise mentioned and chemical shifts were reported on the 6 
scale in parts per million downfield from Me4Si as internal 
standard. 
Notations C" and Co refer to the a and b carbon atoms of the 
ethynyl group. Characteristic l3C-NMH chemical shifts of iso- 
lated ga-hydroxy steroids are presented in Table 1. 
Silica gel 60 (grain size 0.063-0.2 mm, Merck) was used for or- 
dinary column chromatography. Preparative high-performance liq- 
uid chromatography (HPLC) was performed using prepacked silica 
gel columns (Merck). Usual workup means washing extracts with 
water, drying (MgS04 or Na,SO,,), filtration, and evaporation of 
the solvent under reduced pressure. 

17a-Ethynyl-ga-hydroxy-17B-nitrooxyandrost-4-en-3-one 3 
To a stirred suspension of li'a-ethynyl-ga,l'i'b-dihydroxysndrost-4- 
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en-3-one 2 (411 mg) in acetic anhydride (3.1 mL). fuming nitric 
acid (HNO,, 0.31 mL) was added dropwise at -25 C under nitrogen. 
After stirring at -20 C for 1 h. the reaction mixture was poured 
into 25 mL of ice water. The resulting precipitate was filtered 
and dissolved in CH,Cl,. followed by the usual workup to afford 
the nitro ester 4 (0.44 g, yield 94%). 
IR: 3391 (OH), 3315 (CflH), 2143 (WC), 1650 (CO), 1628, 1308, 
1289 (ONO, ) . 
NMR: (CDCl /DMSO-d6 (3:l)): 0.963 (C"H& 1.310 (C19H3), 3.08 
(CeH), 3.64 (OH), 5.75 (C4H). 

17B-Ethynyl-ga,17a-dihydroxysndrost-4-en-3-one 5 (from 4) 
To a solution of 4 (0.40 g) in tetrahydrofuran (THF, 1.2 mL), 
water (1.2 mL) and silver nitrate (AgN03. 46 mg) were added. The 
reaction mixture was stirred at room temperature for 72 h, after 
which THF was evaporated under reduced pressure. HNO 
mL) was added, and the mixture was extracted with 5: 

(65%. 0.6 
H,Cl,. The 

usual workup gave 340 mg (96,X) of the epimerized ethynyl compound 
5. Recrystallization from THF/hexane afforded an analytical 
sample. 
Mp: 236 C (decom); [a]: +102' (c=l, DMSO). 
NMR (CDC$): 
(C4H). 

0.923 (C1'H3), 1.335 (C19H& 2.51 (CBH), 5.88 

NMR (DMSO-d6): 0.790 (ClsH3), 1.233 (@H,), 3.19 (CPH), 4.02 
(OH), 5.07 (OH), 5.62 (C4H). 

qa,17a-Dihydroxypregn-4-ene-3.20-dione 6 (from 5) 
To a stirred suspension of 5 (80 mg) in a mixture of acetic acid, 
water and 30% aqueous H,SO, (0.48 mL, 20:4:0.5 v/v/v), mercury 
(II) oxide (HgO, 9.6 mg) was added and the mixture was stirred 
at 35 C for 105 min. After neutralizing with one drop of 2 N 
aqueous NaOH, water (0.4 mL) was added. Extraction with CH,Cl, 
followed by the usual workup afforded 70 mg (83%) of the ga,17a- 
dihydroxypregnene 6. 
Mp: 235-239 C; [a]: +gl.l' (c=l, CHC13). 
1~: 3485 (2xOH). 1700 (CO), 1665 (CO), 1614 (C=C). 
NMR: 0.737 (C"H& 1.317 (C19H,), 2.27 (C*lH& 3.15 (OH), 5.87 
(C4H). 

17a-Hydroxypregna-4,9(11)-diene-3.20-dione 1 
A mixture of 6 (50 mg) in 70% aqueous H,SO, (1.5 mL) was stirred 
at room temperature for 40 min and then poured into ice water. 
Extraction with CH,Cl, and usual workup gave 37 mg (78%) of the 
crude 9.11-dehydrated pregnene 1. 
Proton NMR and l3C-NMR could not detect undesired 8,9-dehydro 
isomer. 
NMR: 0.725 (C'*H,), 1.341 (C19H3), 2.04 (C*lH,), 5.54 (Cl'H), 
5.74 (C4H). 
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17a-Formyloxy-ga-hydroxypregn-4-ene-3,20-dione 2 
Trifluoroacetic anhydride (1.29 mL) was added dropwise to a 
stirred solution of 1 (1.00 g) in dimethylformamide (DMF, 10 mL) 
at 2 C. The reaction mixture was stirred at 5 C for 10 min after 
which TLC indicated conversion into the 17g-trifluoroacetate 8 to 
be complete. Formic acid (HCOOH, 10 mL) and HgC (140 mg) were 
added and stirring was continued at 55 C for 9 h. The reaction 
mixture was extracted with CH,Cl,. The crude product (1.5 g), ob- 
tained after usual workup, was subjected to preparative HPLC 
(Lobar Size C. toluene/acetone (4:1)), which afforded 470 mg of 
the ga-hydrfxy pregnene 2 (40% from 3). Mp: 237-240 C; 
[a]: +76.4 (c=l, CHCl ). 
IR: 3400 (OH), 1730 (COj, 1651 (CO), 1620 (C=C). 1162 (COC). 
N&m: 0.701 (C18H3), 1.332 (ClgH3). 2.09 (C*lH& 2.43 (OH), 5.89 
(C4H), 8.09 (formyl-H). 
A less polar by-product was isolated and identified by IR and NMR 
to be the 16,17-dehydrated compound ga-hydroxypregna-4,16- 
diene-3.20-dione a (170 mg; 17% from 3). Mp: 177-181 C; [a]: 
+144.9 (c=l, CHCl ). 
1~: 3468 (OH) 16io (CO), 1620 (C=C). 1581 (C=(Z). 
NMR: 0.948 (Ci8H ). 1.347 (C'gH& 2.26 (C*lH& 2.41 (OH), 5.86 
(C4H), 6.73 (&). 

ga,17a-Dihydroxypregn-4-ene-3.20-dione 6 (from 9) 
To a stirred solution of 2 (100 mg) in a mixture of MeOH (10 mL) 
and water (1.6 mL). KHCO, (94 mg) was added at room temperature. 
After stirring was continued for 20 h, MeOH was evaporated under 
reduced pressure. The residue was extracted with CH,Cl,, followed 
by the usual workup which gave 80 mg (85%) of the ga.l7a-dihy- 
droxypregnene 6. NMR and IR were identical with the spectra of 
the product obtained using the nitrate method. 

17a-Ethynyl-3-methoxyandrosta-3.5-diene-ga,17B-diol 11 
A solution of ga-hydroxy-3-methoxysndrosta-3,5-di%n-17-one 2 
(3.16 g) in dry THF (25 mL) was added dropwise to a stirred 
solution of lithium acetylide ethylenediamine complex (90%. 5.11 
g) in ethylenediamine (15 mL) at 5 C. The reaction mixture was 
stirred at room temperature for 2.5 h after which TLC indicated 
the reaction to be complete. The reaction mixture was poured into 
ice water and extracted with CH,Cl,. The usual workup afforded 
4.0 g of the ljra-ethynylated compound lJ, which, without purifi- 
cation, was used for the next step. 

17a-Ethynyl-17~-methanesulfonyloxy-3-methoxyandrosta-3,5-dien-9a- 
01 12 -- 
A mixture of 11 (4.0 g), snhydrous LiBr (0.87 g). and anhydrous 
THF (35 mL) wascooled to -60 C. After addition of a 15% solution 
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of n-butyllithium (n-Buli) in hexane (7 mL), the reaction mixture 
was stirred at -60 C for 45 min. Next, methanesulfonylchloride 
(CH3S0,C1, 0.77 mL) was added and stirring was continued at -60 C 
for 45 min. The mixture was poured into an aqueous NH,Cl solution 
and extracted twice with CHzCl,. The combined organic layers were 
dried and, after the addition of pyridine (1 mL), concentrated 
under reduced pressure at 0 C. The crude product was washed with 
diethyl ether and filtered to afford the sulfonated compound 12 - 
which, without purification, was used for the next step. 

17b-Ethynyl-ga,17a-dihydroxyandrost-4-en-3-one 5 (from 12) 
To a stirred solution of 12 (2.0 g), as prepared above, in THF 
(15 mL), water (2.5 mL) and AgNO3 (150 mg) were added. After 
stirring was continued for 2 h, the mixture was poured into an 
aqueous NH&Cl solution (100 mL). containing NaCN (1 g), and ex- 
tracted twice with CHzCl,, followed by the usual workup. In order 
to hydrolyze the 3,5-dienol ether, the residue was dissolved in a 
mixture of MeOH (50 mL) and water (5 mL) and then 4 M aqueous HCl 
(2 mL) was added. After stirring at room temperature for 15 min. 
the solvent was evaporated under reduced pressure. The residue 
was dissolved in CHzCl,. washed with water, and dried and concen- 
trated under reduced pressure to afford 1.07 g of the crude 
epimerized ethynyl compound 5 (overall yield of 32% from 2). 
In the extraction procedure some insoluble material was filtered. 
combined with the aqueous layer and extracted with CHzCl,. This 
extract was worked up as usual to afford 0.62 g of the 17a- 
ethynyl compound 3. 

.17a-Bromoethynyl-ga-hydroxy-17B-nitrooxyandrost-4-en-3-one FJ 
To a stirred solution of 4 (373 mg) in acetone (7 mL), N- 
bromosuccinimide (0.22 g) a& AgNO, (18 mg) were added at room 
temperature. After stirring was continued for 30 min, ice water 
was added. The resulting precipitate was filtered and dissolved 
in a mixture of ethyl acetate and CHzCl,. The usual workup gave 
0.42 g (93%) of the brominated ga-hydroxy steroid l.J. 
IR: 3328 (OH), 2202 (c=c), 1664 (co), 1630, 1301, 1287 (ONO,). 
NMR: 0.969 (C'*H& 1.331 (C19H3), 2.42 (OH), 5.88 ($H). 

21-Bromo-17a-formyloxy-ga-hydroxypregn-4-ene-3,20-dione 14 
To a stirred solution of l.3 (360 mg) in HCOOH (3.05 mL) and l- 
methyl-2-pyrrolidinone (0.G mL), AgNO, (15.3 mg) was added at 
room temperature. After stirring was continued for 7 h, the 
reaction mixture was poured into a mixture of ice water and 
CH, Cl, , followed by the usual workup. The crude product (0.50 g) 
was purified by preparative HPLC (Lobar size B) using toluene/ 
acetone (3:l) as the eluent to afford 0.19 g (52%) of the 17a- 
formyloxy ga-hydroxypregnene 14. Mp: 190-192 C (decomp). 
IR: 3400 (OH), 1720 (CO), 1636(co). 1150 (COC). 
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m: 0.758 (c18H,). 1.337 (C-VI& 2.42 (OH), 3.98, 4.07 (CzlH,), 
5.89 (C4H), 8.09 (formyl-H). 

17a-Chloroethynyl-ga,178-dihydroxyandrost-4-en-3-one lJ 
A solution of 1,2-trans-dichloroethene (3.1 mL) in anhydrous di- 
ethyl ether (10 mL) was added dropwise to a stirred solution of 
15% n-Buli in hexane (50 mL) at -5 C under nitrogen. The temper- 
ature was allowed to raise to 20 C, after which a solution of 2 
(3.10 g) in snhydrous toluene (70 mL) was added dropwise in 20 
min. The reaction mixture was stirred at room temperature for 16 
h and then poured into water. The aqueous phase was extracted 
with ethyl acetate. The combined organic layers were washed with 
water to neutral pH, dried, and concentrated under reduced pres- 
sure to dryness. A solution of this crude intermediate (17a- 
chloroethynyl-3-methoxyandrosta-3,5-diene-9a.l7~-diol; 4.0 g) in 
a mixture of MeOH (100 mL) and water (10 mL) was acidified to pH 
1 with 6 N aqueous HCl (2 II&). After stirring for 15 min. the 
mixture was concentrated under reduced pressure. The residue was 
dissolved in a mixture of CH,Cl, and water, followed by the usual 
workup. Purification of the crude product (4.0 g) by HPLC (Lobar 
size A; toluene/acetone (3:l) afforded 0.56 g (16%) of the 17a- 
chloroethynylated ga-hydroxyandrostene B. Mp: 216-222 C 
(decomp). 
IR: 3507 (OH). 3377 (OH), 2218 (C=(Z), 1642 (CO), 1608 (C=C). 
NMR: 0.897 (C18H,), 1.330 (C19H& 2.43 (OH), 5.87 (C4H). 

17a-Chloroethynyl-ga-hydroxy-17B-nitrooxyandrost-4-en-3-one 16 
To a stirred suspension of l.J (0.56 g) in acetic anhydride(4.7 
mL1. fuming HNO, (0.64 mL) was added dropwise at -20 C under ni- 
trogen. After stirring for 45 min. the reaction mixture was 
poured into water. The resulting precipitate was filtered and 
dissolved in CH,Cl,, followed by the usual workup to afford 0.52 
g (84%) of the nitrate 16. 
IR: 3415 (OH), 2221 (WC), 1660 (CO), 1626, 1298. 1284 (ONO,). 
NMR: 0.967 (C18H,), 1.332 (C'qH& 2.42 (OH), 5.88 (C4H). 

21-Chloro-l7a-formyloxy-ga-hydroxyregn-4-ene-3,20-dione lJ 
The nitro ester 16 (0.45 g) was converted to the 21-chloro-ga- 
hydroxy-17a-formyloxy pregnene l'J, as described for its bromo 
analog l4, with 21 mg of AgNOs in HCOOH (4.2 mL) and 1-methyl-2- 
pyrrolidinone (0.84 mL). Chromatography (Lobar size B, toluene/ 
acetone (3: 1) gave 0.20 g (44%) of the epimerized 21-chloro 
pregnene l.J. Mp: 223-225 C; [a]: +98.0 (c=l, CHCl ). 
IR: 3400 (OH), 1740 (CO), 1725 (CO), 1625 (CO), li50 (COC). 
NMR: 0.743 (C18H3), 1.334 (C19H3), 2.42 (OH), 4.14, 4.25 (CZIH,), 
5.88 (C4H). 
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Table 1. Characteristic 13C-NMFi chemical shifts of prepared ga- 
hydrony steroids' 

Carbon No. 

C4 
c5 
c9 
Cl7 
C’8 

‘Cl 9 

C20 
C21 
C’ 
CD 
Cl6 

C4 
c5 
c9 
Cl7 
Cl8 
Cl9 
C20 
C21 
C= 
CP 
formyl-C 
acetyl-C 
acetyl-CH, 

Compounds 

!! 5 6 2 E! L3 

124.74 125.03 126.57 126.84 126.67 126.86 
168.79 171.05 168.82 167.96 168.59 167.74 
74.24 74.01 76.21 7956% 76.43 75.94 
90.76 87.35 89.82 

13:34 
154.70 92.12 

11.25 15.54 14.36 14.68 12.26 
18.82 19.55 lg.84 19.77 lg.66 19.79 

211.08 203.21 196.50 - 
27.64 26.36 26.92 

79.67 76.55 - - - 76198 
76.90 75;35 

; 
- - 

b b 144.24 
49;72 

L!! 15 - 16 11 18 ii!2 

126.96 126.63 126.87 126.93 124.97 126.61 
167.73 168.55 167.84 167.67 169.46 168.92 

xx 76.34 
13:65 :x: 

;:-;z 

19:82 
12127 

;E 
13:54 

ii;-:; 
13:52 

76.40 90.00 
13.57 

19.78 lg.80 19.78 19.13 19.87 
196.98 - - 197.01 202.60 204.96 

b 45.52 b. 66.06 
67.81 - - - 
66.31 - - - 

160.58 - 
20.52 

170.66 

a Spectra are taken up in CDCl except for 4 (CDCl,/DMSO-d6 
(3:l) ), fi (DMSO-d6), and 18 (CDh,/DMSO-d6 (l:i). 

b Present but difficult to &&n. 

21-Bromo-ga,17a-dihydroxypregn-4-ene-3,20-dione 18 
A suspension of 14 (100 mg) and KHCO, (78 mg)?n a mixture of 
MeOH (8.1 mL) andwater (1.3 mL) was stirred at room temperature 
for 4 h. 'MeOH was then evaporated under reduced pressure and the 
residue was dissolved in a mixture of CH,Cl, and water. The or- 
ganic phase was worked up as usual to give 93 mg (100%) of the 
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hydrolyzed 21-bromo-ga-hydroxypregnene 18. Mp: 200-201 C (decom); 
[a]: +111.5' (c=l, CHCl ). 
IR: 3460 (OH), 3400 (O& 1732 (CO), 1655 (CO), 1622 (C=C). 
$3 Cl& (C'aH& 1.325 (C19H3). 2.43 (OH), 4.20. 4.40 (CzlHz). 

. . 

21-Acetoxy-ga.17a-dihydroxypregn-4-ene-3.20-dione lJ 
A suspension of 18 (30 mg) and potassium acetate (30 mg) in ace- 
tone (0.75 mL) was heated in a sealed bottle at 60 C for 1 h. The 
reaction mixture was cooled to room temperature and extracted 
with a mixture of CH,Cl, and water, followed by the usual workup 
to afford 27 mg (95%) of the 21-acetoxylated ga-hydroxy pregnene 
lJ. Mp: 231-234 C (decomp). 
IR: 3470 (OH), 1750 (CO), 1720 (CO), 1649 (CO). 
NMR: 0.716 (C'aH ) 1.318 (C'9Hj), 2.17 (COCH,). 4.89, 5.05 
(CzlH,), 3.1 (OH); 5.86 (C4H). 

DISCUSSION 

Epimerization of the 17a-ethynyl group can be accomplished by 

metal ion catalyzed hydrolysis of 17b-esters of ljra-ethynyl 

steroids. In our hands, epimerization was carried out by the 
following three methods, which are summerized in scheme 1: 
1. Nitration of the 17g-hydroxy group, followed by treatment with 

AiW$ (5.6). 
2. Trifluoroacetylation of the 17b-hydroxy group and subsequent 

treatment with mercury (II) acetate (7). 
3. Methanesulfonylation of the 17b-hydroxy group, followed by 

reaction with AgNO, (8). 
In the first method ljra-ethynyl-ga,17b-dihydroxyandrost-4-en-3- 

one 3 was nitrated with fuming HNO, at -25 C. Despite the labi- 
lity of the ga-hydroxy group to strong oxygenated acids (3), 

nitration of the 17b-hydroxy group was achieved in high yield 
(94%). Treatment of the 17b-nitrate 3 with AgNO, afforded the 

epimerized ljrg-ethynyl-ga,17a-dihydroxy steroid 5 in 96% yield. 
The ethynyl group of 5 was converted into the pregnane side chain 
of 6 with HgO in 83% yield. The ga-17a-dihydroxypregnene 6 was 
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selectively dehydrated with 70% aqueous H,SO, into the known 17a- 
hydroxypregna-4.9(11)-diene-3,20-dione ?. (9) in 78% crude yield. 

The second method of epimerization started with esterification of 

the 17b-hydroxy group of 2 with trifluoroacetic anhydride in DMF 
at 2 C. Without isolation of the ga-hydroxy-17b-trifluoroacetate 

8 formed, treatment with mercury acetate and HCOOH gave the 
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epimerized 17a-formyloxy-ga-hydroxypregnene 2, which was ob- 

tained, after chromatography, in 32% overall yield from 1. As ex- 
pected from the literature (6). the 16.17-dehydrated pregnene a 

was isolated as a by-product in this reaction. The 17a-formyl 
ester 2 was easily hydrolyzed into 6 with NaBCO, in 85% yield. 
In the third approach protection of the Ah-j-ketone, as used in 

the ethynylation of ga-hydroxyandrost-4-ene-3,17-dione 1, was 
maintained during epimerization. Ethynylation of 2 was achieved 

as described by Kapur et al (4) except that the intermediate 17a- 
ethynyl-3-methoxyandrosta-3,5-diene-ga,17g-diol 11 was isolated 
and treated with CI$SO,Cl and n-BuLi to prepare the 17@methane- 

sulfonyl ester 12. Treatment of 12 with AgNOs and subsequent acid - - 
hydrolysis gave the epimerised 17g-ethynyl-ga,17a-dihydroxypreg- 

nene 5 in an overall yield of 32% from 2. The yield can probably 
be improved by the use of 2 equivalents of BuLi in the sulfonyla- 

tion step. Due to concurrent metalation of the ga-hydroxy group, 
sulfonylation of the 17g-hydroxy group and successive epimeriza- 

tion at C-17 were incomplete. For that reason the 17a-ethynyl 
epimer was isolated as a by-product in the reaction exemplified 

under the heading Experimental. 
Efficient methods to convert the ethynyl group into a halogenated 

side chain were published recently (10). Within the context of 

our studies with ga-hydroxylated steroids, we prepared 21-bromo- 
17a-formyloxy-go-hydroxypregn-4-ene-3,20-dione & and its 21- 

chloro analog lJ by the two methods, shown in scheme 2 and 
discussed below: 
1. Bromination of 17a-ethynyl-ga-hydroxy-17B-nitrooxyandrost-4- 

en-s-one 4 with N-bromosuccinimide gave the 17a-bromoethynyl 
androstene 3 in 93% yield. Successive treatment with AgNO, 

and 1-methyl-2-pyrrolidinone in HCOCH gave the 21-bromo-17a- 
formyloxy-ga-hydroxypregn-4-ene-3.20-dione 14 in 52% yield. 
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FHsBr FH&H, 

14 ) o+&~o+&~~~ 

E Is Scheme 2 

2. This method started with the 3-keto-A4 protected ga-hydroxy- 
sndrost-4-ene-3,17-dione 2 which was chloroethynylated in one 

step with 1,2-dichloroethene and n-BuLi by a slightly modi- 
fied procedure described by Burgess et al (11). The li'a-chlo- 

roethynyl steroid E, obtained after chromatography in 10% 

yield, was nitrated with fuming HNO, to the 17b-nitrate 16 in 
84% yield and epimerized in the same way as its bromo analog 

to the formyl ester I.J in 44% yield. 
Further functionalization was demonstrated with the 21-bromo 

pregnane &I, which was quantitatively hydrolyzed with KHCO, to 
its 21-bromo-ga.lTa-dihydroxy analog 18. and then treated with 
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potassium acetate to give 21-acetoxy-ya,17a-dihydroxypregnene 19 

from 14 in 95% yield. - 
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