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SUMMARY 

For biosynthetic studies we required steroids labeled with ‘H and 3H at C-19. The isotopic hydrogens 
could be introduced sequentially by stepwise reduction of appropriate 19-oxygenated substrates. The 
key step of the projected sequence was the conversion of the GlO-hydroxymethyl to a methyl. The 
approaches via the hydrogenolysis of steroidal 19-sulfonic esters with metal hydrides was explored 
and is described. Under the conditions tested only 1-2 “/, of the needed C-10 methyl steroids were 
formed. 

For biosynthetic studies we required specimens of 
pregnenolone labeled with tritium and/or deuteriurn 
at C-19. The projected introduction of isotopic hydro- 
gens under sterically controlled conditions did not 
pose major conceptual problems. The plan was to 
reduce stepwise appropriate C-10 formyl or C-10 car- 
bomethoxy substrates with labeled [3H or ‘H] metal 
hydrides. The major task was to convert the resulting 
C-10 hydroxymethyl moiety to the C-10 methyl group 
under stereochemically controlled conditions. The 
shortest route seemed to be via the hydrogenolysis 
with metal hydrides of the corresponding 19-sulfonic 
esters. Usually this reaction proceeds with inversion 
of configuration Cl]. The previous reports on 
attempted hydrogenolysis of a 19-mesylate were not 
encouraging [2]. In contrast, the observations on 
hydrogenolysis of anti-7-dehydronorbornyl tosylate 
(1) were somewhat more hopeful [3]. In the latter 
case treatment of (1) with NaBH,, under controlled 
conditions, resulted in norbornene (2) and in the 
tetracyclic hydrocarbon (3) in a (4: 1) ratio. It was 

obvious that the approach via hydrogenolysis of 
19-hydroxysulfonate esters would at best be rather 
difficult. However, since we planned to introduce a 
large amount of tritium at C-19, a short synthetic 
route had distinct operational advantages. In practice, 
a yield as low as 10-20’~ in the hydrogenolysis step, 
to give pregnenolone analogs labeled with isotopic 
hydrogen(s) at C-19, was acceptable to us. Conse- 
quently, in spite of the anticipated complications, we 
considered the approach worthwhile evaluating. 

As indicated the crucial step of the sequence was 
the hydrogenolysis of the 19-sulfonate esters. We con- 
centrated, therefore, on this problem and our unsuc- 
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a. R=O;X=H 
b. R = (CH,-O-1,; X=H 
c. R = KHz-0-1,; X= SO&H3 

6 7 

a. R=O; X=H 
b. R=O;X=pTs 
c. R=OH(/#);X=~TS 

cessful attempts to develop acceptable reaction condi- 
tions are described in this paper. 

For the preparation of the 19-sulfonate esters of 
1Phydroxy pregnenolone analogs it was necessary to 
protecting group and, therefore, used the previously 
thought that a 3-methyl ether might be a convenient 
protecting group and, therefore, used the previously 
prepared [4] 19-hydroxy pregnenolone 3-methyl ether 
(4a) as the starting material. Ketalization of (4a) @en- 
zene-ethylene glycol, p-Ts.) proceeded in good yield 
and the resulting (4b) was converted to the 19-mesyl- 
ester (4c). The crude, rather unstable (4~) was treated 
with LiAIHI (LAH) in tetrahydrofuran (THF) for 30 
min at an ice bath temperature. The product 
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obtained was the 5fi.19-cyclo-(5). Only trace amounts 
of the required (6) were detected by g.l.c. Analogous 
results were obtained on treatment of a tetrahydro- 
furan solution of (4c) with LiB Et, H (SuperHydride; 
Aldrich Co.). 

For practical reasons it was more convenient to 

continue modeling the reactions on the commercially 
available 19-hydroxy-C, 9 compounds, and we con- 
tinued the investigation, using C, ,-substrates. 

It has been reported [S] that reduction of 3/j’, 171, 
19-trihydroxy-4-androstene 19-pTs ester (7~) with 
LAH yields @a) and 4-androstene-3/j. 17p, diol. We 
repeated the reaction starting with (7a) which was 
converted to (7b) and reduced with NaBH, in eth- 
anol. The resulting (7~) was treated with LAH in 

tetrahydrofuran at retlux for 6 h. The recovered @a) 
was oxidized with Jones reagent and identified as (8b). 
G.1.c. of the crude oxidation residue indicated the 
presence of approx. 2”” of 4-androstene-3. 17-dione 

(9). 

.& oLx+ 

0 50; R=O; X=H 
b. 5p; R=O; X =pTs 

c 50; R=OH@, X=H 

d. 50; R=W$-O-b;X=pTs 
e @, R =(CH2-0-),;X=H 

(I R=H,X=H; A5 
b R=Ac.X=Ac; A5 
c R=H ,X=AC; 2 

d R =H.X=Ac; 5~H 

f. 5a; R=KH2-0-12;X=pTs 
9 5a; R=O; X=Ac 

h 5a ; R = (CH2-O-)2;X=Ac 
i 5a; R=~Ct$-O-)2;X=H 

Our results on the hydrogenolysis of l9-sulfonate 
esters in the CZ1 and C,, series demonstrate the 
nearly exclusive formation of the C-5 (19) cyclic prod- 
ucts. It is apparent that the C-5 homoallylic double 
bond participates in the stabilization of the develop- 
ing C-19 cation and most likely a hydride ion is 
added at C-6. The transoid arrangement of the C-5 
double bond and C-19 mesyloxy group provides for 
a maximal orbital overlap which favors the observed 
course of reaction. 

Under the circumstances we explored the hydro- 
genolysis of the saturated (5~ and 5/l) 19-tosyloxy 
esters. The saturated derivatives represent neopentyl 

systems, which are known to be prone to rearrange- 
ments [6]. However, we thought that in this system 
the addition of a hydride ion at C-19 might satisfac- 
torily compete with bond migration. Obviously, 
should a hydride ion be added at C-19, the reaction 
will proceed with inversion of configuration. 

Hydrogenation of (7a) (ethanol-S”,, Pd-charcoal: 
H,-3.5 atm) [7] gave (IOa) which was converted to 
(lob). Treatment of (lob) with LAH in refuxing THF 
for 24 h resulted in the trio1 (10~). Some starting 
material (lob) was also recovered. When the reaction 

was carried on the tosyloxy-ketal (IOd) using either 
LAH in THF or LiBEt,H in THF in both instances 
the 19-hydroxy-ketal (1Oe) was isolated as the major 
product. The required 5/I-androstane-3, 17-bis ethy- 
lendioxide was present in approx. 0.5 I”,, yield as eci- 
dented by g.1.c. 

Similar results were obtained in the Sa-series. The 
required 19-hydroxy-5cc-androstane-3. 17-bisethylene- 

dioxide (IOf) was prepared from 3/(,1 Y-dihydroxy-5- 
androsten-17-one (lla). The diol (lla) was converted 
to the diacetate (lib) and selectively saponified to the 
19-mono-acetate (11~) [S]. The monoacetate (I lc) was 
hydrogenated (methanol; 5”,, Pd on charcoal: HZ-18 
psi) to yield (lid) which on oxidation with Jones re- 
agent gave (log). Ketalization of (log) resulted in (lob) 
which was saponified (LAH) and the obtained (1Oi) 
converted to (Iof). 

The tosyl ester (IOf). on treatment with LAH in 
tetrahydrofuran at ambient temperature for 24 h, gave 
the 19-hydroxy compound (lOi). No more than 

approx. I”,, of the required 5x-androstane-3,17-bis 
ethylene dioxide could be detected by g.1.c. Analogous 
results were obtained on treatment of (1Of) with 
LiBEt3H in boiling THF (2h). 

It is apparent that in the 5cr and 5[1-saturated series, 

the S-O, rather than the C 0 bond. was cleaved. To 
the extent that the C-O bond was cleaved, a hydride 
addition at C-19, rather than a rearrangement, 
occurred. At best. minute amounts. insuthcient for 
preparative consideration of the required lo-methyl 
products, were obtained. Presumably better yields of 
the required product would be obtained if conditions 
for the C-O cleavage could be developed. 

EXPERIMENTAL 

Physica/ meusuremenfs. Melting points were taken 
on a hot stage apparatus and are corrected. Infrared 
(I.R.) spectra were recorded on a Perkin-Elmer 
Model 237 spectrophotometer as KBr wafers. 
Absorption frequencies are quoted in cm.-’ 

Nuclear magnetic resonance (n.m.r.) spectra were 
recorded in CDCl, on a Varian DA-60 spectrometer 
at 60 MHz. Chemical shifts arc quoted in ppm down- 
field from tetramethylsilane as internal standard 
(s = singlet, d = doublet, t = triplet, q = quadruplet, 
m = multiplet). Mass spectra were recorded on a 
DuPont 21-491 instrument by the direct insertion 
method. The temperature of the source was 210; and 
the ionization voltage was 70 eV. The masses of elim- 
inated fragments are given in brackets after the mo- 

lecular ion. 
Chromutoyruphy. Analytical thin-layer chroma- 

tography (t.1.c.) was carried out on Baker Flex, IB-F 
silica gel plates (purchased from .I. T. Baker Chem. 
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Co.) in the indicated solvent systems. The products 
were detected under U.V. light and were visualized 
by spraying with an ethanolic solution of phospho- 
molybdic acid (loo/,), and heating to 105”. 

Preparative layer chromatography was carried out 
on plates coated with silica gel (Merck HF 254366). 
Dry column and column chromatography were car- 
ried out on silica gel (Merck, 7%230 mesh). The 
homogeneity of products was tested by gas-liquid 
chromatography (g.1.c.) on a Hewlett-Packard 
7620-A instrument using a 6-ft glass column (o.d. 6 
mm, i.e. 2 mm) packed with SE-30, 1% on gaschrom 
(8clOOmesh) support. The instrument was set iso- 
thermally at the required temperature (21@250”). The 
column was eluted with helium (30ml/min). 

3fi-Methoxy-19-hydroxy 5-pregnen-20, 20-ethylene- 

dioxide (4b). A solution of (4a) [4] (546 mg), dry ben- 
zene (100 ml), ethylene glycol (10 ml) and p-toluensul- 
fonic acid (30 mg) was refluxed (18 h) under a Dean- 
Stark water separator. After cooling, solid sodium hy- 
drogen carbonate was added, and this was followed 
by the addition of a saturated solution of sodium hy- 
drogen carbonate. The phases were separated and the 
benzene layer was washed with a saturated sodium 
hydrogen carbonate solution, water, dried and con- 
centrated, to a residue (510 mg). Fractionation on t.1.c. 
[benzene-ethyl acetate (1:l v/v)] gave homogenous 
(4b) (475 mg). A sample was crystallized from ethanol, 
m.p., 162-163”; I.R., v,,,, 3420, 3OOOcm-‘; n.m.r. S, 
0.85(s, 3H, 13-CH& 1.30(s, 3H, 2&CH,), 3.36(s, 3H, 
-OCH,), 3.68 [d, lH, 19-(CH-), J = 4 Hz], 3.87 [d, lH, 
19-(CH-),J = 4Hz], 3.95 [m, 3H,(-O-CH2-CH2-O-)], 
5.76 [m, lH, C-6(H) vinylic]; mass spectrum m/e 
39O(M+) (- 15, -30, -62), 87(C4H702 +). 

38-Methoxy-SB,19-cyclo-pregnan-20,20-ethylene-di- 
oxide (5). A mixture of (4b) (133 mg), dry methylene 
chloride (3 ml), triethylamine (0.1 ml), and methane 
sulfonyl chloride (0.05 ml), [9] was stirred at @5” 
(ice bath) for 05 h. Sodium hydrogen carbonate was 
then added, the solution decanted, and the residue 
was washed with methylene chloride (5 ml). The com- 
bined extract was washed with a saturated sodium hy- 
drogen carbonate solution (10 ml) water, dried and eva- 
porated. 

(a) The crude mesyl ester (4e) (168 mg) was dis- 
solved in dry tetrahydrofuran (3 ml). The THF solu- 
tion of (4c) was added with a syringe through a rub- 
ber septum to a cooled (O-5”) and stirred mixture 
of lithium aluminum hybride (200mg) in dry tetra- 
hydrofuran (2 ml) in an atmosphere of N1. The mix- 
ture was allowed to warm up gradually to ambient 
temperature (0.5 h), then the reaction was terminated 
with ethyl acetate (20 ml). A saturated sodium sulfate 
solution was added (20 ml), and the resulting solid 
was removed by filtration. The filtrate was diluted 
with ethyl acetate washed with water (2 x 25 ml), 
dried (sodium sulfate), and evaporated to a residue 
(120 mg). The g.1.c. analysis of the above residue indi- 
cated the presence of approx. 65% of (5) and approx. 
2% of (6). The residue was fractionated by t.1.c. 

[benzene-ethyl acetate (4: 1 v/v)] and homogenous (5) 
was isolated (89 mg). A sample was crystallized from 
methanol and showed m.p., 102-103”; I.R., 3000, 1450 

-’ ; n.m.r., 6, 04O(s, 2H, 5/?,19-cycle propane), 
o”;;(s, 3H, 13CH& 1.30(s, 3H, 20-CH& 3.32(s, 3H, 
-OCHj), 3.94(m, 4H, (-0-CH,-CH,(T)); mass 
spectrum, m/e 374(M+) (-15, -32, -57, -73) 
87(C4HTO’+). 

(b) A solution of (4c) (150 mg) in dry tetrahydro- 
furan (3 ml) was cooled (O-5”) and kept under Nz. 
Then a 1 M solution of LiBEt3H in tetrahydrofuran 
(1 ml) was added with a syringe through a rubber 
septum and the mixture was allowed to warm up 
gradually to the ambient temperature. The reaction 
was stopped by the addittion of water (10 ml) and 
the product was recovered (with methylene chloride 
(10 ml). After a conventional work-up a residue (190 
mg) was obtained. The g.1.c. analysis showed the pres- 
ence of approx. 70% of (5) and < 2% of (6). The resi- 
due was purified by t.1.c. [benzene-ethyl acetate (4:l 
v/v)] to give pure (5) (94 mg). 

5j,l9-Cycloandrostane-3. 1 ‘I-dione (Sb). The pro- 
cedure of Rakhit and Gut [7] was followed with 
minor modifications. Freshly prepared tosylate [7] 
(7b) (130 mg) was dissolved in absolute ethanol (5 
ml), then sodiun borohydride (150 mg) was added and 
the mixture was stored for 18 h at room temperature; 
ethyl acetate (20 ml) was added and the insoluble resi- 
due was removed by filtration. The filtrate was eva- 
porated. The resulting (7~) (130 mg) was dissolved in 
dry tetrahydrofuran (10 ml), LiAlH, (250 mg) was 
added and the mixture was refluxed (4 h). The reac- 
tion was worked-up in a conventional manner. The 
recovered residue was dissolved in acetone and oxi- 
dized [7] with Jones reagent. The product of the oxi- 
dation was isolated and analyzed by g.1.c. The g.1.c. 
revealed the presence of approx. 7S:/ of (8b) and 
approx. 2”//, of (9) in the residue. The mixture was 
fractionated by t.1.c. [benzene-ethyl acetate (4: 1 v/v)] 
and the recovered (8b) was crystallized (acetone-ether) 
and showed a m.p., 1388140”. The physical constants 
of (8b) were in agreement with those reported [7]. 

19-Hydroxy-5P-androstane-3,17-dione (10a). A mix- 
ture of (7a) (1.0 g), absolute ethanol (50 ml), and 5% 
palladium on charcoal (350 mg) was shaken (5 min) 
in an atmosphere of hydrogen under 50 psi pressure. 
The catalyst was removed by filtration (Celite) and 
the filtrate was concentrated to a residue. G.1.c. analy- 
sis indicated that the residue contained approx. 65% 
of the 5/l isomer. Crystallization from ethyl acetate 
gave homogenous (lOa) (660 mg) m.p., 208209”; I.R., 
3380, 1735, 1705 cm-’ : n.m.r., 6 0.88(s, 3H, 13CH& 
3.64 [d, lH, 19-(CH-), J = 5 Hz], 4.00 [d, lH, 19-(CH-), 
J = 5 Hz]; mass spectrum, m/e 302(M+) (- 18, - 30, 
-46, -87). 

19-Tosyloxy-5fl-androstane-3,17-dione (lob). A solu- 
tion of (1Oa) (200 mg) and p-toluenesulfonyl chloride 
(220 mg) in dry pyridine (5 ml) was stored at room 
temperature for (16 h). The mixture was poured on 
crushed ice, and after 4 h the solid was collected by 
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filtration, washed with water and dried (50’ ) to yield 

(lob) (220 mg). A sample was crystallized from ace- 
tonehexane, m.p., 1X7-188’ (decomposition): I.R.. 
2920, 1730, 1705, 1600, 1350, 1180 cm.-‘; n.m.r., ci 
0.87(~, 3H, 13-CH3), 2.47(s, 3H, aromatic), 4.04 [rl 
lH, 19-(CH-), J = 4 Hz], 4.32 [d, lH, 19-(CH-), J = 5 
HZ], 7,32(d. 2H, aromatic, J = 4 Hz) 7,7X(d. 2H. aro- 

matic. J = 4 Hz); MS, nlie 45X(M+) (- 155. - 172. 
- 185). 

under nitrogen. After the usual work-up and purifica- 
tion by preparative t.1.c. [benzene-ethyl acetate (1: 1 
1 ‘v)] (10e) (70 mg) was obtained. 

19-To.s~~/o.~~~-5~-androstan-3,3,17,17-hi.s ethylene-di- 

oxide (10d). A solution of (1Oe) (180 mg) and p-to- 
luenesulfonyl chloride (250 mg) in dry pyridine (5 ml) 

was stored (16 h)_ at room temperature. After a con- 
ventional work-up the tosylate (lad) was obtained 

(200 mg). 
5P-Arzdrostune-3b. 17p. 19&o/ (I&). (a) A solution 

of (lob) (IOOmg) in dry tetrahydrofuran (3 
ml) was added to a mixture of lithium aluminum 

hydride (200 mg) in dry tetrahydrofuran (5 ml). The 
mixture was refluxed (24 h) and worked up in the 
conventional manner. The products (XOmg) were 

resolved on t.1.c. [benzene-ethyl acetate (1: 1 v/v)] 
into two bands. From the less polar zone 38,17fl,19- 
trihydroxy-5p-androstane-19-tosyl ester (15 mg) was 
obtained. The more polar fraction gave Sfl-andros- 
tane-3/?,17fl,19_triol (10~) (50 mg) which was crystal- 

lized (ethyl acetate) m.p., 230-232 ; I.R., r,,,,, 3350 
cm.-‘; n.m.r. fi(pyridine-d5), 1.03(s. 3H. 13-CH3), 

3.70 [d, lH, 19-(CH-), J = 5 HzJ ; 3.98 [d. 1 H, 19-(CH-), 
J = 5HzJ;MS,m/e30X(M+)(-IX, -36, -96, -114). 

A sample was crystallired from acetone-hexane, 

m.p., 133-135’ ; I.R. 1600, 1440. 1365, 1160, 950 
,cm.Y’: n.m.r. ij 0.77(5, 3H. I >CHI), 2,46(s, 3H, aro- 

matic), 3.87 [m, 4H, 17(-0-CH,-CH,-0-)], 3.92 [m, 

4H, 3(-O CH2-CH2-O-)]. 4.0X@. 2H, 19%CHz-, 
J = Hz), 7.23(d, 2H, aromatic. J = 8 Hz), 7,X4@, 2H, 
aromatic, J = 8 Hz); MS m/e 546(M+) (- 154, - 169, 
- 266). 

(b) To a solution of (lob) (1OOmg) in dry THF 
(3 ml) a IM solution of LiBEt3H in THF (0.5 ml) 
was added. The mixture was refluxed (24 h) and 
worked up in the conventional manner. The residue 
(120mg) was purified by preparative t.1.c. [benzene- 
ethyl acetate (I: 1 v/v)] to yield 3[j,17b,19-trihydroxy- 
5/?-androstane- 19-tosylate (16 mg) and (10~) (70 mg). 

3/j, 19-Dih~tlrox~-5-undrosr~n- 17-orw-3,1 Y-diucetute 

(1 lb). A solution of (lla) (4 g) in pyridine (20 ml) 

and acetic anhydride (10 ml) was stored (16 h) at 
room temperature. The mixture was then poured on 
ice. After 2 h the solid (llb) was collected by filtration 
and dried. A sample was recrystallized (methanol- 
water), m.p.. 102-304”: I.R., 2950. 1740, 1440, 1370, 
1250, 1225 cm.-‘; n.m.r. (>0.93(s, 3H. 13-CHA), 2.02(.s, 
3H, 3-OAc), 2.04(s, 3H, 19-OAc) 3.98 [d, lH, 19-(CH-), 
J = 6 HzJ, 4.60 [d, H, 19-(CH-) J = 6 Hz] (superim- 
posed to the multiplet of the 3%-H), 5.7 [m, 1H 
C-6(H)]; MS m/e 3XX(M+)( -60, - 120, - 135. - 152, 
- 174). 

19-H~u’roxq-5~-androsrLlne-3,3,17.17,hi.s-rth~~lenr 

dioxide (1Oe). (a) A mixture of 19-hydroxy-5/j-andros- 
tane-3,17-dione (1Oa) (200 mg), dry benzene (100 ml), 
p-toluensulfonic acid (20 mg) and ethylene glycol (4 
ml) was refluxed (18 h) under a Dean-Stark water 
separator. The solution was cooled, solid sodium hy- 
drogen carbonate was added and the mixture was 

stirred (1 h). The benzene solution was decanted. 
washed with aq. sodium hydrogen carbonate (100 ml), 
water, dried and evaporated (220 mg). By g.1.c. the 
residue contained approx. 90”,, of (1Oe). A sample was 
crystallized (methylenechloride-hexane) m.p., 116 
117’; I.R., 3500, 2950cm.-‘: n.m.r. 6 0,X4(.% 3H, 
13-CH,), 3.70 [d, lH, 19-(CH-), J = 5 Hz] 3.86 [m, 4H, 
17(-0-CHz-CH,-O)], 3.93 [4H. 3(-0-CH2-CH,- 
G)], [these two signals are superimposed on the 
doublet of 19-(CH,-)J; MS, m/e 392(M’) (- 16. 
-31, -62. - 106. - 143). 

3~,19-Dihydros~-5-androsten-l7-one-19-acrtute(llc). 
A mixture of (llb) (2g), methanol (50ml), water 

(1 ml), and potassium carbonate (1 g) was stirred for 
1.5 h. Water was added (100 ml). and the product 
was recovered with ethyl acetate (3 x 100 ml). The 
ethyl acetate solution was washed. dried and evapor- 
ated to dryness. The residue (1.9 g) was chromato- 
graphed on a silica gel column [Merck (7&230 mesh)J, 
(15Og). The fractions eluted with benzene-ethyl ace- 
tate (1: 1 v/v) contained 1.42 g of (11~). A sample was 
crystallized from ethyl acetateehexane, m.p., 
121-123’ ; I.R. 3520, 1740, 1720. 1250cm.-‘; n.m.r., 
6 0.91(s, 3H, 13-CH,), 2.05(s, 3H, 19-OAc) 3.96 [d. 
lH, 1%(CH-). J = 2 Hz]. 4.50 [tl. lH, 19-(CH-), 
J = 2 Hz], 5.60 [m, lH, C-6(H)]; MS m/e 346(M+) 
(-18, -60. -7X, -91). 

(b) A solution of (1Od) (100 mg) in dry THF (5 
ml) was added to lithium aluminum hydride (150 mg) 
in dry tetrahydrofuran (5 ml). The mixture was ref- 
luxed (1X h) in an atmosphere of dry N2. The mixture 
was processed in the conventional manner and fol- 
lowing t.1.c. [benzene-ethyl acetate (1: 1 v/v)] gave 
(1Oe) (65 mg). The product was identical to an authen- 
tic sample of (10e). 

31.19- Dihydroxy-See-undrostclr2- 17-on- 19-acetute 

(lld). A mixture of (11~) (1 g), absolute methanol (50 
ml) and 5”,, Pd on charcoal (750 mg) was stirred in 
an atmosphere of hydrogen ( 16 h). 

The solid was filtered (Celite) and the filtrate eva- 
porated to a residue (0.95 g). A sample was crystal- 
lized from acetone, m.p., 13&131 : I.R. 3450, 1730 

cm.- ‘; n.m.r.. 6 0.85(.s. 3H. 13-CH3), 2.05(s, 3H, 
19-OAc). 3.60(m, lH, 3aH). 4.15 [d, lH, 19-(CH-), 
J = 6 Hz], 4.42 [d, lH, 19.(CH-), J = 6 Hz]; MS m/e 

34X(M+) (-18, -60, -78, -91, -109, -134). 

(c) To a solution of (1Od) (100 mg) in dry tetrahyd- 19-Acetosy-Sr-cmdrostarlr-3,17-dione (1Og). To a 

rofuran (5 ml) a 1M LiBEt,H solution in THF (05 cooled (0.5 ), and stirred solution of (lld) (600 mg) 

ml) was added and the mixture was refluxed (6 h) in acetone (10 ml) Jones reagent was added dropwise 
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until a light brown color persisted for 5 min. Then 19-Tosyloxy-See-androstan-3,3,17,17&s ethylene di- 

methanol and water was added and the product was oxide (IOf). A solution of (lOi) (1OOmg) and p-to- 
extracted with ethyl ether (3 x 30 ml). The ethyl acetate luenesulfonylchloride (105 mg) in dry pyridine (4 ml) 
solution was washed, dried, and evaporated to a resi- was stored (16 h) at room temperature. The solution 
due. Crystallization (methanol-water) afforded (log) was poured on crushed ice and the product was 
(560 mg), m.p., 69-71”; I.R., 2950, 2870, 1740 (broad.), extracted with ethyl acetate (3 x 10 ml). The extract 
1725, 1245, 1040 cm-‘; n.m.r. 6, 0.90(s, 3H, 13-CH& was washed with water, dried and evaporated (120 
2.10(s, 3H, 19-OAc), 4.46(s, 2H, 19-CHz-); MS, m/e mg). The oily residue was homogenous by t.1.c. but 
346(-42, -60, -71, -89, -98, -112). resisted crystallization. The sample showed: I.R., 

19-Acetoxy-5cc-androstane- 3,3,17,17- bis- ethylene- 1600, 1440, 1345 cm-‘; n.m.r. 6, 0.90(s, 3H, 13-CH3), 
dioxide (10h). The ketalization of (1%) (0.5 g) in ben- 2.46(s, 3H, aromatic), 3.88 [m, 4H, 17(-O-CHz- 
zene (200 ml), p-toluenesulfonic acid (50 mg) and CH,-0-)], 3.94 [m, 4H, 3(-O-CH,-CH,-0-)], 4.06 [d, 

ethylene glycol (10 ml) was carried out as described lH, 19-(CH-), J = 8 Hz], 4.26 [d, lH, 19-(CH-), J = 8 
for (We). The obtained (10h) was crystallized (ethyl Hz], 7,88(d, 2H, aromatic, J = 8 Hz); MS, m/e 

acetate) and showed m.p., 151-153”; I.R. 2950, 2870, 546(M+) (-44, -88, -198, -216, -244). 
1740, 1245 cm.-‘; n.m.r. 6 0.80(s, 3H, 13-CH& 2.07(s, 
3H, 19-OAc) 3.88 [m, 4H, (-O-CH,-CH,-0)], 4.14 [d, 

H, 19-(CH-), J = 6 Hz], 440 [d, lH, 19-(CH-), J = 6 
Acknowledgements-This work was supported by NIH 

Hz]; MS, m/e 434(M+) (-42, - 69, - 104). 
grant GM 19882, 

19-Hydroxy-5cc-androstan- 3,3,17,17 - bis- ethylene- 
dioxide (1Oi). (a) A mixture of (1Oh) (500 mg), lithium 
aluminum hydride (500 mg) and dry ethyl ether (20 
ml) was refluxed for (2 h). The mixture was processed 
in the conventional manner.and the residue (400 mg) 
was fractionated by preparative t.1.c. [benzene-ethyl 
acetate (1: 1 v/v)]. The obtained (1Oi) (380 mg) was 
crystallized (ethyl acetate-methanol), m.p., 19G192”; 
I.R., 3480, 2920 cm.-‘; n.m.r. 6, 0.90(s, 3H, 13-CH& 
3.88 [4H, 17(-O-CH*-CHz-O-)], 3.97 [m, 4H, 3 
(-GCH&H,-@)I, MS, m/e 392(M+) (- 15, - 18, 
-31, -45, -63). 

(b) A mixture of (1Of) (50 mg), lithium aluminum 
hydride (50 mg) and dry THF (5 ml), was stirred (24 
h) at room temperature in an atmosphere of N2. Fol- 
lowing the conventional work-up and t.l.c., [benzene- 
ethyl acetate, (1: 1 v/v)] and (1Oi) (32 mg), identical 
to an authentic sample was obtained. 

(c) To (100 (50mg) in dry THF (2 ml) a 1 M 
LiBEt,H solution in THF (0.2 ml) was added. The 
mixture was refluxed (2 h) under Nz. After processing 
and t.1.c. (1Oi) (38 mg) was obtained. 
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