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Abstract

The 7-oxo derivative of dehydroepiandrosterone is more active than the parent steroid and is devoid of adverse side effects in ra
monkeys and humans. In anticipation of possible therapeutic use we have sought more active, longer lasting forms of 7-oxo- ar
7B-hydroxydehydroepiandrosterones. The 7-oxo- and 7-hydroxy steroids have been converted to glucuronides, ethers and carbonate es
The syntheses of these compounds are described and their ability to induce the formation of liver thermogenic enzymes when fed to r
is reported. Some of the new derivatives were found to be somewhat more effective than the equimolar amounts of 7-oxo-DHEA with whic
they were compared in each experiment. © 2001 Elsevier Science Inc. All rights reserved.

Keywords: 7-Oxo-dehydroepiandrosteronef-Hydroxydehydroepiandrosterone; Glucuronosides; Ether and alkyl carbonate derivatives of 7-oxygenated
steroids

1. Introduction DHEA — 7-oxo-DHEA — 7B-hydroxy-DHEA. The ability
to induce the formation of liver thermogenic enzymes in-

In addition to serving as a precursor of both androgens creases as the steroid is converted towagihydroxy-
and estrogens, dehydroepiandrosterone (DHEA) exerts aDHEA.
variety of other beneficial biologic effects. In experimental In human therapy there are some undesired responses to
animals it decreases body fat without altering food intake, administered DHEA because it elevates blood testosterone
enhances the immune system, suppresses spontaneous amad dihydrotestosterone concentrations in women [8]. Its
carcinogen-induced tumors, decreases blood glucose in di-potentially hazardous effects in persons at risk of breast
abetic mice and enhances the memory of old mice [1,2]. The cancer and prostatic cancer have been cited by the National
guantities of DHEA required to elicit these responses are in Institute on Aging [9]. In previous publications we have
excess of the amounts of sterdidrmoneseeded to dem-  demonstrated that 7-oxo-DHEA has no androgenic activity
onstrate their physiological function. This, together with the [10], is more active than DHEA [11], is non-toxic to rats
lack of a demonstrated receptor for DHEA, indicates that [12] and monkeys [13] even at doses of a g/kg body weight,
DHEA may not be a hormone in somatic cells but may act and is well tolerated by men given 200 mg daily for four
as a precursor of one or more steroids displaying higher, andweeks [14]. Administered orally as the acetyl ester, this
possibly more selective, activity. It has been known since steroid is rapidly absorbed and converted to the 3-sulfate
1962 that DHEA is converted by tissue preparations in vitro ester [15]. Its half life in blood plasma of menis 2.17 h [14].
to both %&- and PB-hydroxy-DHEA [3-5] and also to 7-oxo-  In preparation for clinical efficacy trials we have sought
DHEA, but until 1988 no biologic activities for these me- new derivatives of 7-oxo-DHEA that might have a longer
tabolites had been reported [6,7]. Elsewhere we shall half life. We have prepared a variety of 3-, 7- or 17-
present evidence that, in the rat, the formation of these substituted glucuronides, ethers, and alkylcarbonates of
derivatives is by the sequence: DHEA 7a-hydroxy- 7-oxygenated steroids that might more slowly yield active

steroids. Methyl ethers are of special interest because of the
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2904, report describes the synthesis and properties of these ste-
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of two enzymes that participate in thermogenesis [18]. The and silver carbonate (10 mmol) were added after 12 and
ability of some of the steroids used as starting material to 24 h. The reaction mixture was stirred for 48—72 h depend-
induce these enzymes has been reported [11,19]. ing upon the nature of the steroid, and then the reaction
mixture was filtered on a bed of celite and the clear filtrate
was evaporated to dryness. The product was isolated from
2. Experimental the crude solid either by crystallization or by chromatogra-
phy on alumina or silica gel.
All melting points were determined in open capillaries in
an electrically heated and stirred Thiel-type bath and are 3.1.1. Methyl 2,3,4-tri-O-acetyl -1-O-(17-oxoandrost-5-
uncorrected. Solvents were removed on a rotary evaporatoren-33-yl)-B-D-glucopyranosiduronate7j
under water pump vacuum at 30°C or less. Nuclear mag- A mixture of 33-hydroxyandrost-5-en-17-one (DHEA,
netic resonance (NMR) spectra were taken on Bruker WP- 1, Scheme 1) and methyl 2,3,4-tri-O-acetyl-1-bromo-1-de-
200SY and AM-300 MHz spectrometers. Spectra were usu- oxy-a-D-glucopyranosiduronate, dry calcium sulfate and
ally measured in deuterated chloroform (CBCLsing silver carbonate in benzene was stirred at room temperature
tetramethylsilane§0) as reference foiH NMR spectraand  and worked up after 48 h. ThiH NMR of the reaction
the CDC} triplet (8 77.0) for*3C spectra. Abbreviations are  mixture showed 60% conversion of the starting material to
s (singlet), d (doublet), t (triplet), g (quartet), m (multiplet). the product. After the usual work-up and subsequent crys-
A Kratos MS-80RFA mass spectrometer was used for high tallization of the crude product, twice, from acetone-hexane,
resolution mass spectra and Hewlett-Packard LC-MS, 1100product7 (Scheme |) was obtained as a pure white solid
series, with diode array (DAD) UV detector and AP-Cl and (61%, based on 60% conversion), m.p. 191-92+CNMR
API-ES mass detectors, were employed for simultaneous(CDCl;, 200 MHz): 6 5.39 (1H, d, J= 5.2 Hz, 6-H), 5.24
recording of the UV and the mass spectra of the compounds.(2H, m, 3,4-H (glu)), 4.98 (1H, dd, & 8.0, 10.0 Hz, 2-H
Spectral data were included for some known compounds (glu)), 4.66 (1H, d, J= 8.0 Hz, 1-H (glu)), 4.02 (1H, d, &
where such data were not previously reported. Reagents and.0.0 Hz, 5-H (glu)), 3.75 (3H, s, OCH 3.52 (1H, m,
solvents used were purchased from Aldrich Chemical Co., 3a-H), 2.10 (3H, s, OCOCE), 2.05 (6H, s, X OCOCH,),
Milwaukee, Wisconsin. For column chromatography, Al- 1.02 (3H, s, 19-CH), 0.89 (3H, s, 18-CH. °C NMR
drich brand silica gel of 70-230 and 200—400 mesh size (CDCl;, 300 MHz): 6 220.7 (17-CO), 170.0 (CO, acetate),
was used. 169.2 (CO, acetate), 169.0 (CO, acetate), 167.5 (CO, ester),
Assays of compounds for their ability to induce liver 140.3 (5-C), 121.1 (6-C), 99.2 (1-C (glu)), 79.6 (3-C), 72.9
mitochondrial glycerophosphate dehydrogenase and cytoso{CH (glu)), 72.0 (CH (glu)), 70.2 (CH (glu)), 69.3 (CH
lic malic enzyme when fed to rats have been described (glu)), 52.8, 51.5, 50.0, 47.4, 38.4, 37.2, 37.0, 35.6, 31.6,
[11,19]. In addition to the control rats that received no 31.1, 29.6, 22.2 (CKs), CH(s) and OCE), 21.0 (Ac-CH,),
steroid supplement, each experiment included a group that20.9 (Ac-CH;), 20.8 (Ac-CH), 19.5 (19-CH), 14.4 (18-
received DHEA or 7-oxo-DHEA-B-acetate (usually at CH,).
0.04%-0.06% of the diet). Because of variation in enzyme
activity of both control and treated groups from one exper- 3.1.2. Methyl 2,3,4-tri-O-acetyl-1-O-(7,17-dioxoandrost -
iment to another the activities are reported relative to the 5-en-33-yl)-B-D-glucopyranosiduronatel()
enzyme activities of the control group. Compounds are  The productlO was prepared by the glucuronidation of
considered active only if they enhance the activity of these 3B-hydroxyandrost-5-ene-7,17-dion&, Gcheme I). The re-
thermogenic enzymes to greater than 150% of that in livers action mixture was stirred at room temperature in the dark
of control rats. for 72 h. The crude product was chromatographed on alu-
mina and eluted with ethyl acetate-hexane (15:85, v/v). The
first fraction eluted from the column was crystallized from

3. Syntheses methanol and identified as androsta-3,5-diene-7,17-dione
(15%, based on 69% conversion), m.p. 167—68FCNMR

3.1. General procedure: preparation @fpyranoside (CDClg, 200 MHz): 6 6.19 (2H, m, 3,4-H), 5.65 (1H, s,

forms of steroid glucopyranosides (as triacetylated methyl 6-H), 1.15 (3H, s, 19-CkJ, 0.90 (3H, s, 18-CH).

esters,7, 10, 11, 14, 15, 17Scheme ) Further elution with a 30:70 mixture of ethyl acetate-

hexane afforded a thick syrupy material which was tritu-
Steroid (10.0 mmol), methyl 2,3,4-tri-O-acetyl-1-bromo- rated with diethyl ether and cooled in the refrigerator for
1-deoxye-D-glucopyranosiduronate (10.0 mmol) and 2 h, to afford white crystalline compountD (Scheme I)
freshly pulverized dry calcium sulfate (2.0 g) were taken up m.p. 206—8°C (25%, based on 69% conversidH)NMR
in dry benzene (150 ml). Dry silver carbonate (freshly (CDCl; 200 MHz):65.75 (1H, s, 6-H), 5.24 (2H, m, 3,4-H
prepared, 20.0 mmol) was added to the reaction mixture (glu)), 4.98 (1H, t, J= 8.3 Hz, 2-H (glu)), 4.65 (1H, d, &
which was subsequently stirred at room temperature in the8.3 Hz, 1-H (glu)), 4.03 (1H, d, & 9.9 Hz, 5-H (glu)), 3.75
dark. Additional quantities of bromo glucuronate (5 mmol) (3H, s, OCH), 3.65 (1H, m, &-H), 2.04 (3H, s, OCOCE}),
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2.0 (6H, s, X OCOCH,), 1.20 (3H, s, 19-CH), 0.91 (3H,
s, 18-CH,). 13C NMR (CDCl;, 300 MHz):8 220.4 (17-CO),

methyl ester and silver carbonate for 48 h at room temper-
ature. TheH NMR spectrum of the reaction mixture

201.1 (7-CO), 170 (CO, acetate), 169.4 (CO, acetate), 169.2showed the presence of equal amounts of startiBaSe-
(CO, acetate), 167.1 (CO, ester), 165.1 (5-C), 126.2 (6-C), toxy-178-hydroxyandrost-5-ene3] and the product steroid

100.0 (1-C (glu)), 78.4 (3-C), 72.9 (CH (glu)), 72.1 (CH
(glu)), 71.4 (CH (glu)), 69.4 (CH (glu)), 53.2, 48.2, 45.8,
44.6, 39.6, 39.0, 39.2, 36.2, 35.6, 31.0, 29.0, £BH CH(s)
and OCH), 24.3 (Ac-CH,), 21.0 (Ac-CH), 21.0 (Ac-CH,),
17.6 (19-CH), 14.1 (18-CH). FAB m/z: 641.1 (M+Na,
100%), 498 (M, -AcOH, -AcOH, 1%), 285 (M1, -334
(methyl triactylglucuronate, -H), 4%).

A final fraction eluted with the same eluent afforded the
starting $-hydroxyandrost-5-ene-7,17-dion2, 381%).

3.1.3. Methyl 2,3,4-tri-O-acetyl-1-O-@Bacetoxyandrost-
5-en-1B-yl)-B-D-glucopyranosiduronatel(l)
3B-Acetoxy-17B-hydroxyandrost-5-ene8( Scheme 1) in

glucopyranosidd 1. Prolonged stirring beyond 48 h did not
alter the product ratio. The reaction mixture was processed
as described before and the resultant thick mass was heated
to dissolve in a mixture of acetone-hexane. The solution was
allowed to stand at room temperature for 4 h and the white
crystalline compound1 was collected and driedH NMR
spectrum of the crystalline solid confirmed the purity and
structure of producil (Scheme 1) yield 94.8% (based on
50% conversion of starting steroid), m.p. 187-9%El
NMR (CDCl;, 200 MHz): 6 5.36 (1H, d, J= 5.2 Hz, 6-H),
5.23 (2H, m, 3,4-H (glu)), 5.02 (1H, t, & 8.4 Hz, 2-H
(glu)), 4.60 (1H, d, J= 8.4 Hz, 1-H (glu)), 4.60 (1H, m,
3a-H), 3.99 (1H, d, J= 10 Hz, 5-H (glu)), 3.75 (3H, s,

dry benzene was stirred with acetobromoglucuronate OCH;), 3.59 (1H, t, J= 8.7 Hz, 1&-H), 2.07 (3H, s,
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OCOCH), 2.05 (3H, s, OCOCH), 2.04 (3H, s, OCOCH),
2.03 (3H, s, OCOCH), 1.03 (3H, s, 19-CH), 0.74 (3H, s,
18-CH,). °C NMR (CDCl, 300 MHz): 6 170.5 (CO ace-
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s, OCOCH), 2.00 (6H, s, X OCOCH,), 1.05 (3H, s,
19-CH,), 0.76 (3H, s, 18-Ck). FAB m/z: 729.1 (M+Na,
100%), 669.1 (M-Na, -AcOH, 5%), 609 (M-Na, -AcOH,

tate), 170.2 (CO acetate), 169.4 (CO acetate), 169.1, 167.3AcOH, 20%), 313.2 (M-1, -334 (methyl triacetylglucur-
(CO ester), 139.7 (5-C), 122.2 (6-C), 101.4 (1-C (glu)), 90.0 onate), -AcOH, 15%), 253.2 (M1, -methyl triacetylglucu-
(3-C), 73.8, 72.5, 72.2, 71.4, 69.5 (17-C and CH(s) (glu)), ronate, -AcOH, -AcOH, 7%).

52.8, 50.95, 50.1, 42.8, 38.7, 37.4, 37.0, 36.6, 31.6, 31.4,
28.6, 27.7, 23.4 (CK{s), CH(s), quaternary-C, and OGH
21.4 (Ac-CH,), 20.7 (Ac-CH), 20.6 (Ac-CH), 20.5 (Ac-
CH,), 19.3 (19-CH), 11.5 (18-CH).

3.1.6. Methyl 2,3,4-tri-O-acetyl-1-O-Bacetoxy-17-
oxoandrost-5-en-¢-yl)-B-D-glucopyranosiduronatel(?)

The reaction mixture comprised of33acetoxy-#-hy-
droxyandrost-5-en-17-oné,(Scheme 1), acetobromoglucu-
ronate methyl ester, freshly dried calcium sulfate, silver
carbonate and a catalytic amount (0.5 mole %) of silver
triflate in anhydrous benzene was stirred for 48 h at room
en-7-one 4, Scheme 1) was performed similarly and the temperature in the dark. A total of 60% conversion of the
reaction mixture was worked up after stirring for 48*Hl starting steroid was detected on the basis of the NMR of the
NMR analysis of the filtrate showed 60% of the starting reaction mixture. The mixture was filtered over a small bed
material and 40% of the product. The crude mixture was of celite and the clear filtrate was evaporated to dryness. The
treated with hexane and crystallization at room temperature product,17 (Scheme 1), was obtained in 34.8% yield (based
afforded a crystalline white solid that was filtered and air on 60% conversion) by crystallization from acetone-hexane,
dried. It was found by*H NMR to be pure compound4. m.p. 240—42°C*H NMR (CDCl,, 200 MHz): 8 5.64 (1H,
M.p. 122-25°C, yield 78.5% (based on 40% conversion). d, J= 5.37 Hz, 6-H), 5.24 (2H, m, 3,4-H (glu)), 4.96 (1H,
'H NMR (CDCls, 200 MHz):65.71 (1H, d, 6-H), 5.23 (2H, t, J= 7.81 Hz, 2-H (glu)), 4.68 (1H, d, ¥ 7.81 Hz, 1-H
m, 3, 4-H (glu)), 5.02 (1H, t, & 8.0 Hz, 2-H (glu)), 4.72  (glu)), 4.58 (1H, m, 3&-H), 4.02 (1H, d, J= 9.77 Hz, 5-H
(1H, m, 3x-H), 4.58 (1H, d, J= 8.0 Hz, 1-H (glu)), 4.0 (1H, (glu)), 4.02 (1H, m, B-H), 3.74 (3H, s, OCH), 2.047 (3H,

d, J= 10.0 Hz, 5-H (glu)), 3.76 (3H, s, OCH{ 3.6 (1H, t, s, OCOCH), 2.034 (3H, s, OCOC}), 2.03 (3H, s,

J= 8.0 Hz, 1&-H), 2.06 (3H, s, OCOCE), 2.046 (3H, s, OCOCH;), 2.02 (3H, s, OCOCE), 1.03 (3H, s, 19-CH
OCOCH;,), 2.025 (3H, s, OCOC§, 2.02 (3H, s, 0.84 (3H, s, 18-CH). FAB m/z: 685.1 (M+Na, 50%), 329
OCOCH;), 1.22 (3H, s, 19-CH), 0.74 (3H, s, 18-CH). (M+1, -334 (methyl triacetylglucuronate), 16%), 269
FAB m/z: 685.1 (M+-Na, 100%), 625.1 (M-Na, -AcOH, (M+1, -AcOH, -methyl triacetylglucuronate, 6.9%).

6%), 269.2 (Mt+1, -334 (methyl triactylglucuronate),
-AcOH, 8%).

3.1.4. Methyl 2,3,4-tri-O-acetyl-1-O-Bacetoxyandrost-
5-en-7-one-1j8-yl)-B-D-glucopyranosiduronateld)
Glucuronidation of B-acetoxy-1B-hydroxyandrost-5-

3.1.7. Methyl 1-O-(17-oxoandrost-5-e3-§1)-B-D-
glucopyranosiduronatég)

Methyl 2,3,4-tri-O-acetyl-1-O-(17-oxoandrost-5-ef-3
yl)- B-D-glucopyranosiduronateZ( Scheme 1) (0.5 g, 0.83
mmol) was placed in a flame-dried flask with 50.0 ml of

The reaction mixture containing3L7B-diacetoxyan- freshly dried and distilled methanol. A freshly prepared
drost-5-en-B-ol (5, Scheme ), acetobromoglucuronate solution (0.65 ml) of sodium methoxide (prepared by dis-
methyl ester, freshly dried calcium sulfate and silver car- solving 0.14 g sodium in 5 ml of methanol) was added to the
bonate in anhydrous benzene was stirred for 48 h at roomsolution and the mixture was stirred at room temperature for
temperature during which time 60% conversion of the start- 3 h. Solvent was evaporated and the residue was taken up in
ing steroid was detected on the basis of the NMR of the distilled water (25 ml). The excess base was neutralized
reaction mixture. The mixture was filtered through a small with solid carbon dioxide or dilute acetic acid and the
bed of celite and the clear filtrate was evaporated to drynessaqueous layer was saturated with sodium chloride. A white
under vacuum at 30°C. The resulting solid was chromato- precipitated solid, thus formed, was extracted with ethyl
graphed on a silica gel column using ethyl acetate-hexaneacetate and the organic layer washed with brine, dried over
(3:7, viv) as eluent to afford first the starting steroid fol- magnesium sulfate and filtered. Solvent was removed and
lowed by the producil5. Crystallization of steroid gluco-  the residue, after trituration with ether, afforded a white
pyranosidel5 (Scheme I) from methanol afforded a white solid which was filtered and dried. Recrystallization from
compound m.p. 230-31°C, yield 54.5% (based on 61% acetone-hexane yielded 0.23 g (75.8%) of crystalline prod-
conversion).*H NMR (CDCl,, 200 MHz): & 5.55 (1H, m, uct 8 (Scheme 1), m.p. 208—10°GH NMR (CDCl,, 200
6-H), 5.22 (2H, m, 3,4-H (glu)), 5.02 (1H, dd,= 8.0 Hz, MHz): 6 5.41 (1H, d, J= 4.6 Hz, 6-H), 4.45 (1H, d, & 8.3
9.8 Hz, 2-H (glu)), 4.69 (1H, d, & 8.0 Hz, 1-H (glu)), 4.6 Hz, 1-H (glu)), 3.92-3.24 (5H, m, 2-5H (glu) and-31),
(1H,t, J= 8.3 Hz, 1®&-H), 4.6 (1H, m, 3-H), 3.99 (1H, d, 3.83 (3H, s, OCH), 1.04 (3H, s, 19-CH), 0.89 (3H, s,

J = 9.8 Hz, 5-H (glu)), 3.9 (1H, dm, &F 8.0 Hz, -H), 18-CH,). **C NMR (CDCl, 300 MHz): § 221.2 (17-C),
3.76 (3H, s, OCH), 2.04 (6H, s, X OCOCH,), 2.02 (3H, 170.0 (ester CO), 140.9 (5-C), 121.8 (6-C), 101.4 (1-C

3.1.5. Methyl 2,3,4-tri-O-acetyl-1-O-@3173-
diacetoxyandrost-5-engfyl)-B-D-glucopyranosiduronate

)
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(glu)), 79.4 (3-C), 77.6 (CH (glu)), 74.3 (CH (glu)), 72.3 37.83 (CH), 36.62 (CH), 36.62 (CH), 27.66 (CH), 27.66
(CH (glu)), 71.8 (CH (glu)), 53.1, 52.2, 50.7, 48.1, 39.2, (CH,), 26.0 (CH), 20.9 (CH), 21.38 (acetate-C§j, 21.19
37.4,37.0,36.2,31.6, 31.2, 29.6, 22.2, 20.5 4@ CH(s),  (acetate-Ck), 18.83 (19-CH), 11.84 (18-CH). HRMS

quaternary-C, and OCHi 19.4 (19-CH), 14.6 (18-CH). m/z: 372.2274 for G;H3,0, requires 372.2300 (M, -208
(methyl glucuronate), 4%), 330.2213 fop 15,04 requires

3.1.8. Methyl 1-O-(B-acetoxyandrost-5-en-B#yl)-B-D- 330.2195 (M, -191 (methyl glucuronate, -OH), -59 (AcO),

glucopyranosiduronatel@) 100%), 312.2132 for GH,O, requires 312.2089 (M

To a solution of compoundl (2.0 g, 3.08 mmol) in -208, -AcOH, 20%), 271 (M, -191 (methyl glucuronaie,
anhydrous methanol (100 ml), 1.3 ml of a freshly prepared -OH), -AcO), -59 (AcOH, -H), 8%), 253.1972 for,gH5
solution of sodium methoxide was added under argon. After requires 253.1956 (M, - methyl glucuronate, -AcOH,

1 h stirring at room temperature, the methanol was distilled -AcOH, 16%).

off at 25-30°C, the residue was taken up in cold water and

neutralized with dilute acetic acid. The aqueous layer was 3.1.10. General procedure for allylic oxidation of steroid
saturated with sodium chloride and the solid was extracted glucuronides 8 and 12 Scheme I)

with dichloromethane. The organic layer was filtered, A solution of N-hydroxyphthalimide (5.0 mmol) and
washed with saturated bicarbonate, dried over magnesiumdibenzoyl peroxide (0.01 g) in acetone-ethyl acetate (2:1,
sulfate, and evaporated. On trituration with ether the prod- 75.0 ml) was brought to reflux, and a filtered hot solution of
uct 12 (Scheme I) was obtained as pure white crystals (1.4 steroid methyl glucuronate (2.5 mmol) in acetone (20.0 ml)
g, 87%), m.p. 192-5°C*H NMR (CDCl,, 200 MHz): & and dibenzoyl peroxide (0.01 g) was added [20]. A slow
5.37 (1H, d, = 5.5 Hz, 6-H), 4.6 (1H, m, @&-H), 4.41 (1H, stream of compressed air was passed into the solution and
d, J= 8.2 Hz, 1-H (glu)), 3.83 (3H, s, OC}ji 3.88-3.38 the mixture refluxed for 12-16 h (checked with TLC).
(5H, m, 1%&-H, and 2-5-H (glu)), 2.04 (3H, s, OCOGH Solvent was removed completely and the resultant mass was
1.03 (3H, s, 19-CH), 0.82 (3H, s, 18-CH. *C NMR taken up in toluene and the precipitated N-hydroxyphtha-
(DMSO, 300 MHz): 6 170.0 (CO, acetate), 169.8 (CO, limide was filtered off. The organic layer was washed thor-
ester), 140.5 (5-C), 122.3 (6-C), 104.3 (1-C (glu)), 89.1 oughly with saturated sodium bicarbonate solution followed
(3-C), 76.8 (CH), 76.2 (CH), 74.4 (CH), 74.2 (CH), 71.1 by water and brine and then dried over magnesium sulfate.
(CH), 21.0 (acetate-Cj)l, 19.2 (19-CH), 11.2 (18-CH). The solvent was evaporated and the residue was chromato-
FAB m/z: 559.2 (M+-Na, 100%), 499.2 (M-Na, -AcOH, graphed on silica gel using acetone-hexane (1:1, v/v).
12%), 329 (Mt+1, -208 (methyl glucuronate), 30%), 269

(M+1, -methyl glucuronate, -AcOH, 5%). 3.1.11. Methyl 1-O-(7,17-dioxoandrost-5-ef-8l)-B-D-
glucopyranosiduronate9j

3.1.9. Methyl 1-O-(B,17B-diacetoxyandrost-5-eng#yl)- Compound was obtained from compour8(Scheme 1)

B-D-glucopyranosiduronatel@) as white crystals, m.p. 203-5°C (decomp.), yield 29pb.

To a solution of compound5 (0.19 g, 0.27 mmol) indry ~ NMR (CDCl;, 200 MHz):6 5.76 (1H, s, 6-H), 4.47 (1H, d,
methanol (10.0 ml), 0.2 ml of a solution of sodium methox- J= 7.9 Hz, 1-H (glu)), 3.83 (3H, s, OC}l 3.95-3.35 (5H,
ide (as described) was added. The solution was stirred atm, 2-5H (glu) and 3-H), 1.22 (3H, s, 19-Ck), 0.90 (3H,
room temperature for 1 h. Methanol was removed at 25°C s, 18-CH,). **C NMR (DMSO, 300 MHz):5 219.1 (17-C)
and the resultant mass was taken up in 10 ml of cold 200.5 (7-C), 169.5 (CO, ester), 166.3 (5-C), 125.2 (6-C),
distilled water. Dilute acetic acid was added to neutralize 101.3 (1-C (glu)), 76.4 (CH), 75.8 (CH), 75.3 (CH), 73.0
the excess base. The aqueous layer was extracted with ethy(CH), 71.7 (CH), 51.8, 49.3, 47.2, 44.98, 43.7, 38.6, 38.1,
acetate, which was washed with water and brine, and dried35.8, 35.0, 29.2, 24.0, 20.0 (G{$), CH(s), quaternary-C,
over magnesium sulfate. Ethyl acetate was completely and OCH), 16.93 (19-CH), 13.43 (18-CH). FAB m/z:
evaporated under vacuum at 25°C and the residue, on trit-515.2 (M+Na, 4%), 455.3.2 (M-Na, -HCOOCH, 9%),
uration with ether, afforded a white solid which was filtered, 413.2 (M, - HCOOCH, -H,0, -H, 100%), 241.8 (M, -208
dried and identified as methyl 1-Of3L7B-diacetoxyan- (methyl glucuronate), -28 (CO), -15 (GH 2%).
drost-5-en-B-yl)- B-D-glucopyranosiduronatel 6, Scheme
1) (0.1 g, 64%), m.p. 140—42°CH NMR (CDCl,, 200 3.1.12. Methyl 1-O-(B-acetoxy-7-oxoandrost-5-en-g7
MHz): 6 5.59 (1H, s, 6-H), 4.68—4.50 (1H, t,3 8.5 Hz, yl)-B-D-glucopyranosiduronatel@)
17a-H and 1H, m, &-H), 4.48 (1H, d, J= 7.4 Hz, 1-H The compoundL2 on air oxidation afforded 7-oxygen-
(glu)), 4.00-3.30 (5H, m, 2-5-H (glu} 7«-H), 3.82 (3H, ated glucuronidd.3 (Scheme 1) as a white solid; yield 38%,
s, OCH,), 2.05 (6H, s, X OCOCH;), 1.06 (3H, s, 19-CH), m.p. 118-20°C (acetone-hexanéi NMR (CDCl,, 200
0.80 (3H, s, 18-CH). **C NMR (CDCL, 300 MHz):6 172.2 MHz): 6 5.71 (1H, s, 6-H), 4.72 (1H, m,i8H), 4.39 (1H,
(CO), 171.2 (CO), 170.0 (CO), 144.8 (5-C), 124.4 (6-C), d, J= 8.2 Hz, 1-H (glu)), 3.84 (3H, s, OCHi 3.88-3.27
101.88 (1-C (glu)), 82.94 (CH), 82.60 (CH), 75.61, 74.14, (5H, m, 17%-H, and 2-5-H (glu)), 2.06 (3H, s, OCOGH
73.31, 71.23 (7-C, and CHJ(s) (glu)), 52.68 (OgH50.64 1.23 (3H, s, 19-CH), 0.83 (3H, s, 18-CH. *C NMR
(CH), 48.61 (CH), 37.9 (CH), 42.93, 36.19 (quaternary-C), (DMSO, 300 MHz):8 200.5 (7-C), 169.0, 169.2 (CO ace-
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tate and ester), 165.0 (5-C), 125.8 (6-C), 104.1 (1-C (glu)), to minimize deketalization. FMethoxy-17,17-ethyl-

87.5(3-C), 76.0, 75.37, 73.6, 71.54 (17-C and CHJ(s), (glu)), enedioxyandrost-5-en-7-on21( Table 1) was obtained in

51.8, 48.8, 45.0, 44.6, 43.3, 38.0, 37.5, 35.5, 28.7, 27.0,62% yield; m.p. 190-192°CH NMR (CDCl,, 200 MHz):

25.3, 20.0 (CH(s), CH(s), quaternary-C, and OGH21.0 65.7 (1H, d, J= 1.96 Hz, 6-H), 3.89 (4H, m, O-CHCH,-

(acetate- CH), 16.79 (19-CH), 11.30 (18-CH). 0), 3.38 (3H, s, OCH), 3.2 (1H, m, &-H), 1.19 (3H, s,
19-CH;,), 0.87 (3H, s, 18-CH).

3.1.13. B-Methoxyandrost-5-ene-7,17-dion20) Subsequent reduction of the 7 carbonyl group of product
A solution of 33-tosyloxyandrost-5-en-17-on&§,4.0 g, 21 with sodium borohydride in a mixture of methanol-
9.05 mmol) in anhydrous methanol (120 ml) was refluxed methylene chloride (9:1) at room temperature afforded a
for 2 h. The reaction mixture was concentrated under vac- mixture of diastereomeric 7-hydroxy derivatives in 90%

uum. On cooling, B-methoxyandrost-5-en-17-on&9, Ta- yield with 78- and - forms in 8:2 ratio {H NMR). The
ble 1) was obtained as a white solid. Recrystallization from diastereomers were separated by column chromatography
methanol afforded shining crystals (2.57 g, 94%), m.p. on silica gel (eluent, ethyl acetate:hexane, 3:73-Me-
133-5°C (lit [21] m.p. 118-120°C ag. MeOH)H NMR thoxy-17,17-ethylenedioxyandrost-5-ef-@l (22, Table
(CDClg, 200 MHz): 6 5.39 (1H, d, J= 5.3 Hz, 6-H), 3.37 1), m.p. 173-75°C*H NMR (CDCl,, 200 MHz): 8 5.29
(3H, s, OCH), 3.09 (1H, m, &-H), 1.04 (3H, s, 19-CH), (AH, t, J= 1.95, 6-H), 3.89 (5H, m, O-CHCH,-O and
0.90 (3H, s, 18-CH). 7a-H), 3.36 (3H, s, OCH), 3.14 (1H, m, &-H), 1.05 (3H,
Air was passed through a refluxing solution1& (2.0 g, s, 19-CH), 0.88 (3H, s, 18-CK). HRMS: m/z 362.2505 for
6.62 mmol) and N-hydroxyphthalimide (1.5 g, 9.2 mmol) in C,,H,,0, requires 362.2457 (M, 8.7%), 344.2338 for
a mixture of acetone-ethyl acetate (1:1, 50 ml).'azb- C,,H3,0; requires 344.2351 (M, -H,0, 2.4%), 329.2170
bis(cyclohexanecarbonitrile) (0.08 g) was added to the re- for C,;H,,0; requires 329.2117 (M, -H,0, -CH;, 7.2%),
action mixture [20] and the reaction continued for 10-12 h. 261.1886 for G,H,<O, requires 261.1854 (M, -101 (loss
After the usual work up as described in the general oxida- of D-ring), 100%), 229.1628 for H,,O requires
tion procedure, the crude product was dissolved in pyridine 229.1592 (M, -101 (loss of D-ring), -CEHOH 8.3%), 211
(5.0 ml) and stirred with acetic anhydride (3.0 ml) at room for C;¢H; (M, -101 (D-ring), CHOH, -H,O, 2%). 3-
temperature for 3 h. The reaction mixture was poured into Methoxy-17,17-ethylenedioxyandrost-5-ea-@l (23, Ta-
water and stirred for 1 h. The steroid was extracted with ble 1) melted at 183—84°CH NMR (CDCl,, 200 MHz): &
toluene and the organic layer washed with saturated bicar-5.62 (1H, dd, J= 1.96, 5.62 Hz, 6-H), 3.89 (4H, m, O-GH
bonate solution and water. Toluene was distilled off and the CH,-O), 3.89 (1H, B-H, merged with ketal protons), 3.36

residue was chromatographed on silica gel (ethyl acetate-(3H, s, OCH), 3.14 (1H, m, &-H), 0.99 (3H, s, 19-CH),

hexane, 1:3, v/v) and crystallized from methangs-@e-
thoxyandrost-5-ene-7,17-dion2(Q( Table 1) was obtained
in 67% yield (1.4 g), m.p. 227—29°¢H NMR (CDCls, 200
MHz): 6 5.76 (1H, d, J= 1.8 Hz, 6-H), 3.39 (3H, s, OC}),
3.2 (1H, m, 3-H), 1.22 (3H, s, 19-CH), 0.90 (3H, s,
18-CH,). **C NMR (CDCl, 300 MHz): 8 220.3 (17-C),
201.0 (7-C), 166.2 (5-C), 125.9 (6-C), 78.79, 55.9, 50.1,
45.7, 44.3 (3-C, CH(s), and OGH 47.8, 38.7 (quaternary-
C), 38.7 (CH), 36.1 (CH,), 35.6 (CH), 30.7 (CH), 27.5
(CH,), 24.1 (CH), 20.5 (CH), 17.4 (19-CH), 13.7 (18-
CH;). LC-MS (API-ES, positive): m/z 339.1 (MN,,
100%), 317.3 (Mr1, 10%), 301.1 (M, -CH, 3%), 285.1
(M+1, -CH;OH, 3%). LC-UV (DAD) Amax: 242 nm.

3.1.14. B-Methoxy-17,17-ethylenedioxyandrost-5-g3-7
and 7x-ol (22 and 23)

3pB-Methoxyandrost-5-en-17-ond 4, Table 1) was ket-
alized using ethylene glycol and p-toluene sulfonic acid in
toluene, refluxed 7 h, yield 95%, m.p. 138—40*3.NMR
(CDCls, 200 MHz): 6 5.35 (1H, d, J= 4.88 Hz, 6-H), 3.9
(5H, m, O-CH-CH,-O and &-H), 3.36 (3H, s, OCH), 3.05
(1H, m, 3-H), 1.0 (3H, s, 19-CH), 0.86 (3H, s, 18-CH).

The ketalized product was oxidized at the allylic 7 po-
sition, using sodium periodate and t-butylhydroperoxide
[22]. A small amount of sodium bicarbonate (2.0 mol equiv-

0.87 (3H, s, 18-CH). HRMS m/z: 362.2447 for GH;,0,
requires 362.2457 (M, 7%), 344.2347 for GH,,0; re-
quires 344.2351 (M, -H,0, 3.5%), 330.2228 for GH;,05
requires 330.2195 (M, -CH,OH, 1.6%), 329.2149 for
C,H,s0;5 requires 329.2117 (M, -H,O, -CH,, 4.2%),
261.1838 for G,H,<0, requires 261.1854 (M, -101 (loss
of D-ring), 100%), 229.1594 for fH,,O requires
229.1592 (M, -101, -CH,0H, 10%), 211 for GH,g (M,
-101 (loss of D-ring), -CHOH, -H,O, 2%).

3.1.15. B-Methoxyandrost-5-eneg7178 -diol (24)

The desired product was prepared by treating a methan-
olic solution of 3PB-methoxyandrost-5-en-7,17-dion20
(Table 1), with sodium borohydride and cerium(lil)chloride
heptahydrate at 0-5°GH NMR (CDCl,, 200 MHz):6 5.29
(1H, t, J= 1.95, 6-H), 3.84 (1H, dt, F 8.3 Hz, ®-H), 3.65
(1H, t, J= 8.3 Hz, 1&-H), 3.36 (3H, s, OCH), 3.09 (1H,

m, 3a-H), 1.06 (3H, s, 19-Ck), 0.78 (3H, s, 18-CH).

3.1.16. B-Acetoxy-7-methoxyandrost-5-en-17-026) (

A mixture of N-bromosuccimimide (2.15 g, 0.012 mol)
and 1,1azobis(cyclohexanecarbonitrile) (50 mg), a radical
initiator, was added in one lot to a refluxing solution of
3pB-acetoxyandrost-5-en-17-one (3.3 g, 0.01 mol) and
1,1"azobis(cyclohexanecarbonitrile) (50 mg) in carbon tet-

alent) was incorporated into the reaction mixture in order rachloride (70 ml). The mixture was refluxed for 20 min,
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Table 1
Influence of the steroids on the induction of mitochondrial glycerophosphate dehydrogenase and cytosolic malic enzyme in rat livers

# R b/a b/a’ Conc. & Enzymes
in diet

GPDH Malic

% of control

* AcO O O 0.040 336 338

9 Glu-ester (0] (0] 0.085 166 306
10 Glu-triAc-ester (0] (0] 0.107 164 234
12 AcO H/H Glu-ester 0.083 128 229
13 AcO (0] Glu-ester 0.093 204 363
16 AcO Glu-ester/H AcO 0.071 241 367
17 AcO H/Glu-triAc-ester O 0.046 81 93
18 OTs H/H (@]
19 MeO H/H O 0.085 241 312
20 MeO (0] O 0.055 323 424
21 MeO 0] O-CH-CH,-O 0.042 194 311
22 MeO OH/H O-CH-CH,-O 0.063 395 595
23 MeO H/OH O-CH-CH,-O 0.063 262 324
24 MeO OH/H OH/H 0.055 403 444
25 AcO H/Br O
26 AcO MeO,H** (0] 0.064 328 459
27 MeO H/H OH/H
28 MeO O OH/H 0.055 322 307
29 MeO (0] AcO/H 0.06 188 166
30 tert-BuO H/H (0]
31 tert-BuO O (0] 0.04 93 116
32 TBDMSO (0] O 0.036 241 313
33 TBDMSO 0] TBDMSO/H 0.085 168 380
34 AcO OH/H OH/H 0.046 497 508
35 AcO TBDMSO/H TBDMSO/H 0.082 123 100
36 AcO o} TBDMSO/H 0.07 375 382
37 Tetrahydropyran (0] (0] 0.064 280 357
38 Dodecanoxy H/H O
39 Dodecanoxy (0] (0] 0.068 156 189
40 (Ethoxy)ethyl H/H (0]
41 (Ethoxy)ethyl 0 o) 0.05 168 275
42 Carbomethoxy (0] (0] 0.1 500 786
43 Carboallyloxy (0] O 0.067 440 384
44 Carboethoxy (0] O 0.045 265 373
45 Carbo,iso-butyloxy O (0] 0.048 253 515
46 Carbomethoxy O Carbomethoxy/H 0.051 295 292
47 Carbooctyloxy (@) O 0.055 256 312
48 Carbo(9-fluorene) methoxy O (0] 0.09 218 310
49 Carbomethoxy OH, H** OH/H 0.042 377 359
50 Carboethoxy OH/H OH/H 0.044 277 321
51 Carbooctyloxy OH/H OH/H 0.054 343 260

Each compound was tested in a group of two or three rats. Enzyme activity in the livers of rats fed the stock diet without supplementation is termed 1009
The abbreviation TBDMSG-= tert-butyldimethylsilyl oxy.

* Mean values from ten experiments (20 rats) in which 7-oxo-DHEA was the comparative standard. ** Products tested as diestereomeric mixture (% rati
of B and«, 26, 55:45,49, 80:20).

The following compounds did not induce the liver enzymes: 17-ox@AgRicopyranoside Me esteB)( 33-acetoxy-17-0xoA-7-glucopyranoside Me ester
(17), 3B-tert-butoxyandrost-5-en-17-on8(@), 3B-acetoxyandrost-5-eng3717B-di-tert-butyldimethylsilyl ether 85); A = androst-5-enc.
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cooled and solid succinimide was removed by filtration. The
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3pB-Methoxyandrost-5-en-13ol (27, Table 1) was sub-

clear filtrate was concentrated at 20°C, triturated with pe- jected to air oxidation in the presence of N-hydroxyphtha-

troleum ether and cooled to 0°C to obtain the off white
crystalline &-bromo derivative25 (Table 1); yield 2.8 g
(68.6%).*H NMR (CDCl,, 200 MHz): § 5.78 (1H, d, J=
5.13 Hz, 6-H), 4.76 (1H, m, #-H), 4.68 (1H, m, &-H),
2.07 (3H, s, OCOCH), 1.07 (3H, s, 19-CH), 0.91 (3H, s,
18-CH,).

limide and a radical initiator, and the produg-gethoxy-
17B-hydroxyandrost-5-en-7-on@§, Table 1) was obtained
in 53% vyield. An analytical sample was obtain by recrys-
tallization from acetone-hexane, m.p. 202—4%8. NMR
(CDCl, 200 MHz):8 5.7 (1H, d, J= 1.47, 6-H), 3.36 (1H,
t,J= 7.8, 1%-H), 3.38 (3H, s, OCH), 3.2 (1H, m, 3-H),

Silica gel (2.0 g, 70230 mesh) was added to a clear 1.21 (3H, s, 19-CH), 0.77 (3H, s, 18-CH. °C NMR

solution of 3B-acetoxy-#&-bromoandrost-5-en-17-on&5§,
0.5 g) in methanol (20 ml) and the mixture was stirred for
2 h at room temperature. The methanolic solution was

cooled, neutralized with saturated sodium bicarbonate solu-

tion, and filtered on a thin bed of celite. The clear filtrate
was cooled to 0°C to obtain the white crystalline 7-methoxy
derivative26. Yield 0.32 g (72.7%), m.p. 175-78°C. Thd
NMR spectrum of the white solid showed 5598-mhe-
thoxy- and 45% &-methoxy-compound. Spectral data de-
scribed below were deduced from the spectrum of the mix-
ture. The biologic activity was assayed as the mixture
(Table 1).

3B-Acetoxy-fa-methoxyandrost-5-en-17-on2g, Table
1): *H NMR (CDCl,, 200 MHZ):6 5.79 (1H, d, J= 5.13 Hz,
6-H), 4.65 (1H, m, &-H), 3.49 (1H, m, B-H), 3.37 (3H, s,
OCH;), 2.05 (3H, s, OCOCE), 1.03 (3H, s, 19-CH), 0.87
(3H, s, 18-CH). *3C NMR (CDCL, 300 MHz): 6 223.5
(17-C), 171 (CO acetate), 146.5 (5-C), 121.0 (6-C), 81.3
(3-C), 72.29 (7-C), 56.5 (OC}H)l, 44.4 (CH), 42.9 (CH),
37.0 (CH), 38.1 (CH), 36.6 (CH,), 35.7 (CH), 30.9 (CH),
27.4 (CH), 21.8 (CH), 20.1 (CH,)), 21.3 (OCOCH), 18.2
(19-CH,), 13.1 (18-CH). 3B-Acetoxy-73-methoxyandrost-
5-en-17-one’H NMR (CDCl,, 200 MHz): 8 5.53 (1H, s,
6-H), 4.65 (1H, m, &-H), 3.5 (1H, m, &-H), 3.34 (3H, s,
OCH;), 2.05 (3H, s, OCOCE), 1.08 (3H, s, 19-CH), 0.89
(3H, s, 18-CH). *3C NMR (CDCL, 300 MHz): 6 223.5
(17-C), 171 (CO acetate), 143.0 (5-C), 121.8 (6-C), 81.3
(3-C), 73.2 (7-C), 55.0 (OC}), 51.3 (CH), 48.2 (CH), 37.0
(CH), 37.8 (CH), 36.4 (CH), 35.9 (CH)), 31.2 (CH), 27.6
(CH,), 23.7 (CH), 20.4 (CH), 21.32 (OCOCH), 18.95
(19-CH;), 13.55 (18-CH). LC-MS (API-ES, positive): m/z
383.3 (M+Na, 100%), 299.3 (M, -AcOH, 47%), 269.2 (M,
-AcOH, -CH;0OH, 4%).

3.1.17. B-Methoxy-1B-hydroxyandrost-5-en-7-on§)
3pB-Methoxyandrost-5-en-17-ond g, 0.7 g, 2.3 mmol)
was dissolved in dry tetrahydrofuran (20 ml) and the solu-

tion was cooled to 0°C. Lithium tri-t-butoxyaluminum hy-
dride (1.2 g) was added to the cooled solution and the
mixture was stirred at the same temperature for 2.5 h.

(CDCls, 300 MHz): 6 202 (7-C), 165.9 (5-C), 125.8 (6-C),
80.8, 78.9 (3, 17-C), 55.9, 50.03, 45.22, 44.9, 43.32, 38.72,
38.58, 36.22, 35.63, 30.46, 27.56, 25.78, 20.85 (CH(s),
CH,(s), quaternary-C and OG} 17.3 (19-CH), 11.1 (18-
CH3). LC-MS (API-ES, positive): m/z: 659.5 (2MNa,
18%), 341.2 (MrNa, 100%), 319.2 (M1, 22%). LC-UV
(DAD): Amax 241.5.

3.1.18. B-Methoxy-1B-acetoxyandrost-5-en-7-on29)
3B-Methoxy-17B-hydroxyandrost-5-en-7-on@§, Table
1) was acetylated in pyridine-acetic anhydride mixture at
room temperature to obtain produ2® (Table 1), m.p.
168—70°C*H NMR (CDCl,, 200 MHz):6 5.71 (1H, d, J=
1.73 Hz, 6-H), 4.63 (1H, t, ¥ 7.1 Hz, 1&-H), 3.41 (3H,
s, OCHy), 3.21 (1H, m, &-H), 2.08 (3H, s, OCOC}), 1.2
(3H, s, 19-CH), 0.81 (3H, s, 18-CH). *3C NMR (CDCL,
300 MHz): 6 201.3 (7-C), 171 (CO, acetate), 165.7 (5-C),
125.8 (6-C), 81.9, 78.9 (3, 17-C), 55.9, 49.9, 44.9, 44.6
(CH(s) and OCH), 38.6 (CH,), 36.2 (CH), 35.8 (CH),
30.46 (CH), 27.5 (CH), 25.8 (CH), 20.7 (CHy), 21.1
(CH, acetate), 17.3 (19-CHi 12.0 (18-CH). HRMS m/z:
360.2311 for G,H;,0, requires 360.23 (M, 100%),
329.2152 for G,H,405 requires 329.2117 (M, -OCH;,
42%), 328.2101 for GH,4O,; requires 328.2038 (M,
-CH;OH, 9.5%), 300.2061 for £H,¢0, requires 300.2089
(M™, -CH;COOH, 12%), 268.1840 for LH,,O requires
268.1827 (M, -CH;OH, -CH,COOH, 6%), 253.1640 for
C,gH,,0 requires 253.1592 (M, -CH;OH, -CH,COOH,
-CHj, 20%).

3.1.19. B-tert-Butoxyandrost-5-en-17-on80Q)

The product was prepared by the procedure of Arm-
strong et al. [23] utilizingtert-butyl trichloroacetimidate
and borontrifluoroetherate in a solution of dichloromethane
and cyclohexane, in 67.2% yield; m.p. 185-87*8 NMR
(CDCl, 200 MHz):6 5.34 (1H, d, J= 4.89 Hz, 6-H), 3.32
(1H, m, 2-H), 1.2 (9H, s, (CH),), 1.02 (3H, s, 19-CH),
0.89 (3H, s, 18-CH).

3.1.20. B-tert-Butoxyandrost-5-ene-7,17-dion&1)

Excess base was neutralized with dilute acetic acid and the 3p-tert-Butyloxyandrost-5-en-17-one3Q, Table 1) was

product was extracted with methylene chloridegs-ide-
thoxyandrost-5-en-13-ol (27) was crystallized from meth-
anol, yield 0.6 g (86%), m.p. 145—-47°4 NMR (CDCl,,
200 MHz):65.35 (1H, d, J= 5.3 Hz, 6-H), 3.65 (1H, t, &
7.5 Hz, 1'&-H), 3.36 (3H, s, OCH), 3.07 (1H, m, &-H),
1.02 (3H, s, 19-CH), 0.76 (3H, s, 18-CH).

oxidized, utilizing a new procedure [24], at the allylic 7
position to obtain B-tert-Butyloxyandrost-5-ene-7,17-di-
one 31, Table 1) in 87% vyield, m.p. 189-91°¢d NMR
(CDCl;, 200 MHz): 6 5.71 (1H, s, 6-H), 3.48 (1H, m,
3a-H), 1.2 (9H, s, (CH),), 1.2 (3H, s, 19-CH), 0.89 (3H,
s, 18-CH). HRMS: m/z 358.2502 for &H,,05 requires
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358.2508 (M, 2.4%), 302.1866 for GH,-O; requires methylsilyl chloride and imidazole in dichloromethane in
302.1882 (M, -(CHg),C = CH,, 52%), 284.1798 for  80% yield, m.p. 85-87°C. LC-MS (APCI, positive) m/z:
C,oH,40, requires 284.1776 (M, -(CHz),C = CH,, -H,0, 577.3 (M+1, 0.6%), 576.3 (M, 1.6%), 575.25 (M, -H,
17%), 274.1965 for GH,.O, requires 274.1933 (M, -CO, 4.4%), 515.35 (M, -H, -CH,COOH, 40%), 385.3 (M1,
-(CH3),C = CH,, 21%), 256.1843 for gH,,O requires -AcOH, -TBDMSIOH, 11%), 253.15 (M1, -AcOH, -2x
256.1827 (M, -H,0, -CO, -(CH),C = CH,, 25%), TBDMSIOH, 29%), 238.15 (M-1, -AcOH, -2< TBDM-
246.1563 for GgH,,0, requires 246. M, -CO, -CH, = SiOH, -CH;, 7%).

CH,, -(CHy),C = CH,, 100%), 231.1379 for GH,40,
requires 231.1385 (M, -CO, -CH;, -CH, = CH,,
-(CH,),C = CH,, 9%), 228.1551 for GH,,O requires
228.1514 (M, -CO, -CH, = CH,, -H,0, -(CH,),C = CH,,
43%), 213.1383 for GH,,O requires 231.1446 (K, -CO,
-H,0O, -CH, = CH,, -CH,, -(CH,),C = CH,, 8%).

3.1.24. B-Acetoxy-1B-tert-butyldimethylsilyloxyandrost-
5-en-7-one 36)

Prepared from B-acetoxy-1B-hydroxyandrost-5-en-7-
one @, Scheme 1) in 76% yield, m.p. 202—4°&4 NMR
(CDCl;, 200 MHz): 6 5.7 (1H, d, J= 1.3 Hz, 6-H), 4.72
(1H, m, 3x-H), 3.56 (1H, dd, J= 1.7 Hz, 1'&-H), 2.07 (3H,
s, OCOCH), 1.22 (3H, s, 19-CK), 0.88 (9H, s, (CH)3),
0.72 (3H, s, 18-CH), 0.009 (6H, s, ((CH),). **C NMR
(CDCl;, 300 MHz): 6 201.5 (7-C), 170.0 (CO, acetate),
164.1 (5-C), 126.5 (6-C), 80.9 (17-C), 72.1 (3-C), 50.1
(CH), 45.3 (CH), 44.5 (CH), 37.8 (CH\ 36.0 (CH,), 35.9

3.1.21. B-tert-Butyldimethylsilyloxyandrost-5-ene-7,17-
dione B2

3pB-Hydroxyandrost-5-ene-7,17-diong, Scheme I) (0.3
g, 0.99 mmol) was dissolved in anhydrous dimethyl form-
amide (10.0 ml), imidazol (0.6 g, 8.82 mmol) anelrt-

butyldimethylsilyl (TBDMS) chloride (0.3 g, 1.99 mmol) (CH,), 30.9 (CH), 27.3 (CH), 26.2 (CH). 20.87 (CH)

were added in sequence, and the mixture was stirred at roo
temperature under argon for 3 h. The mixture was pouretrj‘rbs'93 (2¢ CHy), 25.82 (CH), 21.2 (acetate C4, 17.3

into cold water and the product was extracted into ether and (19-CHb), 11.3 (18-CH), -4.5 (CHy), -4.9 (CHy).

washed with dilute acetic acid, saturated bicarbonate solu-

tion, then by water and brine. The solution was dried over 3.1.25. B-(2-Tetrahydropyranyloxy)-androst-5-ene-7,17-
MgSQ, and the solvent was removed. The crude compound dione 37)

was crystallized from aqueous methanol to afford white  3B-Hydroxyandrost-5-ene-7,17-diong, Scheme I) (0.5
crystals of B-tert-butyldimethylsilyloxyandrost-5-ene- g, 1.65 mmol) was placed in a dried, argon-flushed flask
7,17-dione [24] 82, Table 1) in 92.6% yield (0.37 g), m.p.  containing dry dichloromethane (20.0 ml). Pyridinium tol-
135-6°C*H NMR (CDCls, 200 MHz):6 5.73 (1H, s, 6-H), uenep-sulfonate (0.043 g, 0.17 mmol) was added followed
3.61 (1H, m, &-H), 1.22 (3H, s, 19-CH), 0.89 (12H, s, by 3,4-dihydro-2H-pyran (0.23 ml, 2.5 mmol) and the so-
18-CH, and (CHy)5), 0.07 (6H, s, Si(CH),). **C NMR lution was stirred at room temperature under an atmosphere
(CDClg, 300 MHz):8 220.5 (17-C), 201 (7-C), 166.8 (5-C), of argon for 3 h. The reaction was quenched by adding
125.6 (6-C), 71.1 (3-C), 50.2 (CH), 45.7 (CH), 44.3 (CH), water and the product was extracted thrice with ethex (3
42.6 (CH,), 36.4 (CH), 35.6 (CH), 31.7, 30.7 (CH), 24.2 20 ml). The combined ether extracts were washed with
(CH,), 20.6 (CH), 25.8 ((CH))3), 17.4 (19-CH), 13.7 (18- dilute acetic acid, water and bicarbonate solution and dried
CH,), -4.0 (Si (CH,),). LC-MS (APCI, positive) m/z: 417.3  (MgS0O,). Solvent was removed and the crude product was
(M+1, 71%), 285.2 (M-1, -TBDMSIOH, 100%), 267.2  chromatographed on silica gel (ethyl acetate-hexane, 1.5:

(M+1, -TBDMSIOH, -H,0, 14%), 249.3 (M-1, -TBDM- 8.5, v/v). The compound first eluted was identified as an-
SiOH, -2x H,0, 1%), 243.2 (Mr1, -CH, = C = O, 6%). drosta-3,5-diene-7,17-dione (0.150 g), m.p. 167—-8°C.
LC-UV (DAD) Amax: 240 nm. Further elution with the same solvent gave a mixture of

diastereomeric B-(2-tetrahydropyranyloxy)androst-5-ene-

3.1.22. B,17B-di-tert-Butyldimethylsilyloxy-androst-5-en- ~ 7,17-dione 87, Table 1), as a white solid which was crys-
7-one @3) tallized from methanol (0.43 g, 68%), m.p. 137-39@.
The product33 (Table 1) was prepared in the same NMR (CDCl;, 200 MHz):6 5.76, 5.73* (1H, dd, & 2 Hz,

fashion as described for produg2, utilizing 38,178-dihy- 6-H), 4.7 (1H, m, 2-H pyran), 3.91 (1H, m, 6-H pyran), 3.67

droxyandrost-5-en-7-one as the starting steroid. M.p. 99— (1H, m, 3-H), 3.51 (1H, m, 6-H pyran), 1.23 (3H, s,
101°C.*H NMR (CDCl, 200 MHz): § 5.65 (1H, s, 6-H), 19-CH,), 0.90 (3H, s, 18-CH. *C NMR (CDCl, 300

3.60 (2H, m, &-H and 1#&-H), 1.18 (3H, s, 19-CH), 0.74 MHz): 8 221 (17-C), 201 (7-C), 167, 166.4* (5-C), 125.8

(3H, s, 18-CH), 0.87 (18H, s, 2X (CH)3), 0.04 (12H, s, 2X (6-C), 97.4, 97.1*%, 74.7, 74.53* (3 and 2-C (Pyranyl)),

(CHy),). 62.86 (6-C (Pyranyl)), 50.05 (CH), 45.69 (CH), 44.26 (CH),
47.82 (quaternary-C), 38.62 (quaternary-C), 40.10 {CH

3.1.23. B-Acetoxyandrost-5-eneg717B-di-tert- 38.80 (CH), 36.41 (CH), 36.15 (CH), 35.59 (CH), 31.07

butyldimethylsilyl ether35) (CH,), 30.68 (CH), 29.31 (CH), 27.64 (CH), 25.35

The product35 (Table 1) was prepared frompB3ace- (CH,), 24.14, 20.52 (Ck), 19.83 (CH)*, 17.35 (19-CH),
toxyandrost-5-eneff;173-diol (34, Table 1), tert-butyldi- 13.71 (18-CH). LC-MS (APES, positive): m/z 795.5
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(2M+Na, 100%), 409.1 (M-Na, 85%), 285.1 (M, -101
(pyran-2-0O), 14%). LC-UV (DAD):Amax 238 nm.
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3.5 (1H, m, 3-H), 1.31 (3H, d, J= 5.13, CHy), 1.2 (3H, m,
CH,), 1.03 (3H, s, 19-Ck), 0.89 (3H, s, 18-Ch). 36-(1'-

* Extra peaks are due to the diastereomers which are Ethoxy)ethoxyandrost-5-en-17-one was oxidized at the al-

formed at 2-C of the pyranyl moiety as a result of the
formation of the ether linkage.

3.1.26. B-Dodecanoxyandrost-5-ene-7,17-dior39)(

A solution of DHEA (1) (2.88 g, 0.01 mol) in anhydrous
tetrahydrofuran (20 ml) was added to a mixture of sodium
hydride (0.5 g, 60% in oil, washed twice with pentane) in
anhydrous tetrahydrofuran (10 ml). The mixture was re-

lylic 7 position of the steroid using air and N-hydroxyph-
thalimide [20] as described before to obtaiB-@'-
ethoxy)ethoxyandrost-5-ene-7,17-dioné1,( Table 1) in
50% yield. '"H NMR (CDCl,, 200 MHz): 8 5.74 (1H, s,
6-H), 4.79 (1H, m, O-CH-0O), 3.58 (3H, m, -GHD and
3a-H), 1.34 (3H, d, J= 5.13 Hz, CH), 1.22 (3H, m, CH),
1.22 (3H, s, 19-CH), 0.9 (3H, s, 18-CH). °C NMR
(CDCls, 300 MHz): 6 220 (17-C), 200 (7-C), 166.0 (5-C),

fluxed for 2 h, cooled to room temperature, and a solution of 125.77 (6-C), 98.42 (O-CH-0O), 73.89 (3-C), 60.19 (O-
1-bromododecane (2.74 g, 0.11 mol) was added slowly (10 CH,), 50.06 (CH), 45.69 (CH), 44.27 (CH), 41.88 (QH

min). The solution was refluxed for 4 h, cooled and poured

40.03 (CH), 35.58 (CH), 30.67 (CH), 29.1 (CH), 24.1

into ice water and the product was extracted with ether-ethyl (CH,), 20.5 (CH,), 20.7 (CH), 17.34 (CH), 15.28 (19-

acetate mixture (1:1). @Dodecanoxyandrost-5-en-17-one
(38, Table 1) was purified by column chromatography on

CH,), 13.71 (18-CH).

silica gel (eluent, ethyl acetate-petroleum ether, 1:9), yield 3.1.28. B-Carbomethoxyandrost-5-ene-7,17-diod@)(

0.6 g (43%, based on 30.5% conversidi).NMR (CDCl,,
200 MHz): 8 5.38 (1H, d, J= 5.12 Hz, 6-H), 3.45 (2H, t,
J= 6.6, 6.83 Hz, -CH-0), 3.14 (1H, m, &-H), 1.03 (3H,
s, 19-CH), 0.89 (3H, s, 18-Ck). Further elution with the
same solvents (4:6) afforded unreacted DHEA (2.0 g,
69.5%).

3pB-Dodecanoxyandrost-5-en-17-or@8) was subjected
to oxidation by our new procedure [24] and the product,
3pB-dodecanoxyandrost-5-ene-7,17-dioB8, (Table 1) was
obtained in 82.8% yield, m.p. 70-72°H NMR (CDCl,,
200 MHz): 8 5.74 (1H, d, J= 1.71 Hz, 6-H), 3.47 (2H, t,
J=6.35, 6.83 Hz, -CH0), 3.27 (1H, m, &-H), 1.22 (3H,
s, 19-CH), 0.9 (3H, s, 18-CH). **C NMR (CDCl, 300
MHz): & 220 (17-C), 200 (7-C), 166.0 (5-C), 125.8 (6-C),
77.45 (3-C), 68.58 (-CHO), 50.14 (CH), 45.75 (CH), 44.3
(CH), 39.19 (CH), 36.31 (CH), 35.58 (CH), 31.9 (CH),
30.7 (CHy), 30.1 (CHy), 29.59 (CH), 29.46 (CH), 29.34
(CH,), 28.07 (CH), 26.16 (CH), 24.15 (CH), 22.66
(CH,), 20.55 (CH), 17.35 (CH), 14.1 (19-CH), 13.7 (18-
CH;). HR-MS: m/z 470.3758 for GH5,O5 requires
470.3760 (M, 23%), 301.1783 for GH,.O; requires
301.1804 (M, -C;,H,s, 10%), 285.1870 for GH,:0, re-
quires 285.1854 (M, -C;,H,;s0, 12%), 284.1610 for
C,oH,40, requires 284.1776 (M, -C,,H,-0OH, 5.6%).

3.1.27. B-(1'-ethoxy)ethoxyandrost-5-ene-7,17-dioAd)(
To a solution of DHEA {, 1.5 g, 0.005 mol) ang-
toluene sulfonic acid (35 mg) in methylene dichloride (20
ml), a solution of ethyl vinyl ether (1.17 g, 0.016 mol) in

methylene dichloride was added slowly dgif h atroom

3pB-Hydroxyandrost-5-ene-7,17-dione (2, 0.5 g, 0.0016
mol) was dissolved in dry pyridine (6 ml) and the solution
was cooled to 0-5°C. Methyl chloroformate (0.19 g, 0.002
mol) was added dropwise during 15 min and the mixture
was stirred at the same temperature for 3 h. The reaction
mixture was quenched with water and the product was
extracted with methylene dichloride. The organic layer was
washed, dried and solvent was removed. The crude product
was chromatographed on silica gel (eluent: acetone-hexane,
2:8) to afford 0.42 g (89%, based on 80% conversion) of
white solid which was crystallized from methanol, m.p.
168—70°C*H NMR (CDCl,, 200 MHz):6 5.77 (1H, d, J=
1.7 Hz, 6-H), 3.78 (3H, s, OC})l, 4.62 (1H, m, &-H) 1.24
(3H, s, 19-CH), 0.90 (3H, s, 18-CH). *3C NMR (CDCL,

300 MHz): 6 220.1 (17-C), 200.2 (7-C), 164 (5-C), 155
(O-C-0), 126.7 (6-C), 75.7 (3-C), 54.8 (OGKI49.9 (CH),
45.7 (CH), 44.3 (CH), 37.7 (C}), 35.8 (CHy), 35.6 (CH),
30.7 (CH), 27.2 (CH), 24.1 (CH), 20.6 (CH), 17.4 (19-
CH;), 13.7 (18-CH). HRMS: m/z CH 360.1929 for
C,,H,05 requires 360.1937 (M, 1.7%), 284.1789 for
C,oH,40, requires 284.1776 (M, -CH,OH, -CO,, 100%),
269.1521 for GgH,,0, requires 269.1541 (M,-CH;OH,
-CO,, -CH;, 5.4%), 256.1856 for GH,,O requires
256.1827 (M, -CHZOH, -CO,, -CO, 25.6%), 241.1623 for
C,H,,0 requires 241.1592 (N -CH;OH, -CO,, -CH,,
-CO, 11%), 227.1461 for gH,40 requires 227.1463 (M,
-CH;0H, -CG,, -CHj, -CO, -CH,, 5.6%).

3.1.29. B-Carboallyloxyandrost-5-ene-7,17-dioné3j
Compound 43 (Table 1) was prepared from 7-oxo-

temperature. The solution was stirred for an additional 6 h DHEA (2, 1.0 mmol) and allylchloroformate (4.0 mmol) in
and poured into cold water. The organic layer was separatedtetrahydrofuran-pyridine mixture at 0-5°C. After 6 h of
and the product was subjected to column chromatographystirring only 30% conversion had occurred. The product was
on silica gel (eluent, ethyl acetate-petroleum ether, 1:9) to isolated in 78% yield (based on 30% conversion) by column

afford 33-(1'-ethoxy)ethoxyandrost-5-en-17-or&)( Table

chromatography of the resultant mixture, m.p. 159—-61°C.

1) as a viscous mass (0.92 g, 84% based on 55% conver*H NMR (CDCl,, 200 MHz):8 5.92 (1H, m, -CH=), 5.74

sion). 'H NMR (CDCl,, 200 MHz): 8 5.37 (1H, s, 6-H),
4.78 (1H, g, J= 5.37 Hz, O-CH-0), 3.68 (2H, m, -C}HO),

(1H, d, J= 1.7 Hz, 6-H), 5.38 (q), 5.29 (M), 5.23 (m) (2H,
J =185, 11.6, 1.47 Hz, CH= ), 4.62 (2H, dt, J= 5.86,
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1.22, 1.47 Hz, -CH0), 4.62 (1H, m, 3-H), 1.21 (3H, s,
19-CH,), 0.87 (3H, s, 18-CH. *C NMR (CDCl, 300
MHz): § 219.2 (17-C), 200 (7-C), 164 (5-C), 154 (O-C-0),
131.5 & C-), 126.5 (6-C), 118.7 (-CH=), 75.7 (3-C),
68.24 (O-CH), 50.0 (CH), 45.8 (CH), 44.3 (CH), 47.64
(quaternary-C), 38.33 (quaternary-C), 37.7 (H35.8
(CH,), 35.4, 30.7 (CH), 27.2 (CH), 24.02 (CH), 20.53
(CH,), 17.3 (19-CH), 13.7 (18-CH). LC-MS (API-ES,
positive): m/z 409.1 (M-Na, 100%), 307.1 (M-Na, -102
(CH, = CH-CH,0OH, CO,), 80%), 285 (M, -101, 52%), 256
(M, -102, -28 (CO), 15%). LC-UV (DAD)Amax 234 nm.

3.1.30. B-Carboethoxyandrost-5-ene-7,17-diorel)

Prepared from 7-oxo-DHEAZ2] and ethylchloroformate
in pyridine at 0-5°C. Yield 90%, m.p. 187—8°4 NMR
(CDCl, 300 MHz): 6 5.77 (1H, d, J= 1.65 Hz, 6-H), 4.6
(1H, m, 3x-H), 4.2 (2H, g, J= 7.2 Hz, -CH-0), 1.32 (3H,
t, J = 7.2 Hz, CH), 1.23 (3H, s, 19-Ck), 0.9 (3H, s,
18-CH,). **C NMR (CDCl, 300 MHz): 8 220.2 (17-C),
200.7 (7-C), 164.4 (5-C), 154.3 (O-C-0), 126.7 (6-C), 75.4
(3-C), 64.1 (O-CH), 49.9 (CH), 45.7 (CH), 44.3 (CH), 47.8
(quaternary-C), 38.4 (quaternary-C), 37.7 (H35.8
(CH,), 35.6 (CH), 30.7 (CHy), 27.2 (CH), 24.1 (CH),
20.5 (CH), 14.4 (Ac-CH), 14.2 (19-CH), 13.8 (18-CH).
LC-MS (API-ES, positive): m/z 397.2 (MNa, 100%),
285.2 (M+1, -90 (GHsOH, CG,), 10%). LC-UV (DAD):
Amax 238 nm.

3.1.31. B-Carboiso-butoxyandrost-5-ene-7,17-diod)(

Prepared from B-hydroxyandrost-5-en-7,17-dione (2)
and iso-butylchloroformate in pyridine at 0-5°C. Yield
78%, m.p. 132—-3°C*H NMR (CDCl,, 300 MHz): § 5.77
(1H, d, J= 1.66 Hz, 6-H), 4.6 (1H, m,&H), 3.92 (2H, d,
J= 6.8 Hz, -CH-0), 1.24 (3H, s, 19-C}}, 0.96 (6H, d, J=
6.6 Hz, (CH),), 0.9 (3H, s, 18-CH). **C NMR (CDCL,
300 MHz): 6 220.2 (17-C), 200.7 (7-C), 164.4 (5-C), 154.5
(O-C-0), 126.6 (6-C), 75.5 (3-C), 74.1 (O-GK149.9 (CH),
45.7 (CH), 44.3 (CH), 27.7 (CH), 37.8 (GH 35.8 (CH),
35.6 (CHy), 30.7 (CH), 27.2 (CH), 24.1 (CH), 20.6
(CH,), 18.9 (CH), 18.9 (CH), 17.4 (19-CH), 13.7 (18-
CH;). LC-MS (API-ES, positive): m/z 425.2 (MNa,
100%), 301.1 (Mr1, -102 (HCOOQiso-butyl), 90%), 285.2
(M+1, -118 {so-butyl alcohol, CQ), 10%), 269.0 (Mr1,
-118, -CH;, 3%). LC-UV (DAD): Amax 236 nm.

3.1.32. B,17B-Dicarbomethoxyandrost-5-en-7-orné6]
Prepared from B,173-dihydroxyandrost-5-en-7-one and
methyl chloroformate in pyridine at 0-5°C. Yield 81%,
m.p. 167-9°C*H NMR (CDCl,, 300 MHz):8 5.73 (1H, d,
J= 1.66 Hz, 6-H), 4.57 (2H, m,&H, 17a-H), 3.79 (3H, s,
CH;0), 3.77 (3H, s, CHO), 1.2 (3H, s, 19-Ck), 0.84 (3H,
s, 18-CH). 3C NMR (CDCl, 300 MHz): § 201.0 (7-C),
163. 9 (5-C), 155.7 (O-C-0), 154.9 (O-C-0), 126.6 (6-C),
85.7 (17-C), 75.8 (3-C), 54.7 (OGH 54.6 (OCH), 49.7
(CH), 44.9 (CH), 44.6 (CH), 43.0 (quaternary-C), 38.3 (qua-
ternary-C), 37.7 (ChH), 35.8 (CH), 35.7 (CH,), 27.4 (CH),

501

27.2 (CH), 25.7 (CH), 20.7 (CH), 17.3 (19-CH), 11.9
(18-CHy). LC-MS (API-ES, positive): m/z 443.2 (MNa,
50%), 345.1 (M1, -MeOH, -CQ, 10%), 301.1 (M-1,
-120 (2x HCOOCH, 100%)) 269.1 (M-1, -152 (2«
CH4OH, 2x CO,), 5%). LC-UV (DAD): Amax 236 nm.

3.1.33. B-Carbooctyloxyandrost-5-ene-7,17-diorer
Prepared from B-hydroxyandrost-5-ene-7,17-diong, (
Scheme 1) and octylchloroformate in pyridine at 0-5°C.
The product 47, Table 1) was purified by column chroma-

tography on silica gel. Yield 65%, m.p. 72—-3°& NMR
(CDCl, 300 MHz): 6 5.77 (1H, d, J= 1.66 Hz, 6-H), 4.6
(1H, m, -H), 4.13 (2H, t, = 6.6 Hz, -CH-0O), 1.23 (3H,

s, 19-CHy), 0.88 (3H, s, 18-CH. **C NMR (CDCL, 300
MHz): 6 219.8 (17-C), 200.4 (7-C), 164.3 (5-C), 154.3
(O-C-0), 126.5 (6-C), 75.3 (3-C), 68.1 (OGK49.8 (CH),
45.6 (CH), 44.2 (CH), 47.7 (quaternary-C), 38.3 (quaterna-
ry-C), 37.7 (CH), 35.7 (CH,), 35.5 (CH,), 31.7 (CH,), 30.6
(CH,), 29.1 (CH), 29.0 (CHy), 28.5 (CH), 27.2 (CH),
25.6 (CHy), 24.1 (CH), 22.5 (CH), 20.5 (CH), 14.0
(CH), 17.3 (19-CH), 13.7 (18-CH). LC-MS (APCI, pos-
itive): m/z 459.2 (M+1, 8%), 285.1 (Mrl, -174
(CH5(CH,)¢CH,OH, CO,, 100%)).

3.1.34. B-Carbo(9-fluorenyl)methoxyandrost-5-ene-7,17-
dione @9)

A mixture of 7-oxo-DHEA @) (0.3 g, 1 mmol) and
9-fluorenylmethylchloroformate (0.285 g, 1.1 mmol) in
pyridine (4.0 ml) was stirred at room temperature for 1 h.
The product 48, Table 1) was purified by column chroma-
tography on silica gel. Yield 57% (0.3 g), m.p. 98—103°C.
'H NMR (CDCl,, 200 MHZz): 8 7.77 (2H, d, J= 7.11 Hz,
Ar-H), 7.62 (2H, d, = 6.83 Hz, Ar-H), 7.37 (4H, m, Ar-H),
5.77 (1H, d, J= 1.46 Hz, 6-H), 4.61 (1H, m, 3-H), 4.43 (2H,
d, J= 6.96 Hz, AB system, OC}}, 4.26 (1H, t, J= 7.08
Hz, AB system, Ar-H), 1.25 (3H, s, 19-G} 0.90 (3H, s,
18-CH,); LC-MS (API-ES) m/z: 547 (M-Na, 100%), 285
(M+1, -240 ((9-fluorenyl)methanol, CQ) 3%). LC-UV
(DAD): Amax 254, 264, 290 and 300 nm.

3.1.35. B-Carbomethoxyandrost-5-ene-73diol (49)
3pB-Carbomethoxyandrost-5-ene-7,17-dio@) (0.5 g,
0.0014 mol) was dissolved in a mixture of dichloromethane
(5 ml) and methanol (10 ml). The mixture was stirred at
room temperature and finely powdered sodium borohydride
(0.16 g, 0.004 mol) was added slowly. After 15 min the
reaction mixture was quenched with water and the product
was extracted with dichloromethane. The organic layer was
washed, dried and solvent was removed. The product was
crystallized from acetone-petroleum ether to afford 0.35 g
(70%) of 3B-carbomethoxyandrost-5-ene-7gtdiol (49,
Table ) as a white crystalline solid, m.p. 150-52°C.
LC-MS and*H NMR analysis of the product showed a 8:2
ratio of diastereomeric -hydroxy and &-hydroxy com-
pounds.*H NMR for 7B-hydroxy isomer (CDGJ, 200
MHz): 6 5.33 (1H, s, 6-H), 4.49 (1H, m,i8H), 3.77 (3H,
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s, OCH,), 3.84 (1H, d, = 7.08 Hz, &-H), 3.64 (1H, t, J= is excreted in the urine [26]. The D-glucuronic moeity of
8.05 Hz, 1A-H), 1.07 (3H, s, 19-CK), 0.77 (3H, s, 18- UDP-glucuronic acid is transferred to hydroxyl, carboxyl,
CH,); the 7a-hydroxy isomer showed different chemical amino, imino and sulfhydryl groups of various compounds
shifts for 6 and 19 protons, deduced from the spectrum of by hepatic glucuronyl transferases [27]. Our attention was
the mixture;é 5.65 (1H, d, J= 4.89 Hz, 6-H), 1.02 (3H, s,  directed toward the synthesis of glucuronides of 7-oxygen-
19-CH;). LC-MS (API-ES) m/z: 387.2 (MNa, 100%), ated steroids and to assess their induction of thermogenic
311.2 (M+Na, -76 (MeOH, CQ), 25%), 271.3 (M1, -76, enzymes in rat liver. Monoglucuronides of steroids at posi-

-18 (H,0), 5%), 253 (M+1, -76, -18, -18, 3%). tions 3, 7, or 17 (Scheme I) were synthesized as their methyl
ester in an attempt to increase the bioavailability of the
3.1.36. B-Carboethoxyandrost-5-eng3/173-diol (50) parent compounds and to slow the metabolism and elimi-

3pB-Carboethoxyandrost-5-ene-7,17-dioné4)( (0.3 g, nation process. Glucuronides of steroids substituted at the 3
0.8 mmol) in 5.0 ml dichloromethane and 10.0 ml methanol and 17 positions have been prepared [28] and studied in the
was treated with cerium(lll) chloride heptahydrate (0.3 g, past but neither their 7-oxygenated derivativBs 10, 13,

0.8 mmol). To this cold solution, finely powdered sodium 14, Scheme I) nor 7-O-glucuronided5-17 Scheme 1)
borohydride (0.09 gm, 2.4 mmol) was added slowly. After have been reported previously.

15 min the solvent was evaporated to complete dryness, the Attempts to synthesize glucuronides of 7-oxygenated
solid was taken up in dichloromethane, stirred for 30 min androgens by reacting the appropriately protected 7-oxy-
and filtered on a small bed of celite. The organic layer was genated derivatives with bromo glucuronate followed by
washed once with water, dried and solvent was removed.selective hydrolysis to remove acetate protection on the
The product was crystallized from acetone-petroleum ether glucose hydroxyls gave poor yields of the targeted com-
to afford 0.22 g (73%) of B-carboethoxyandrost-5-ene- pounds because of the strong sensitivity of 7-oxygenated
7B,17B-diol (50, Table 1) as a white solid, m.p. 170-71°C. steroids under acidic or basic conditions to undergo elimi-
'H NMR (CDCl,, 200 MHz):8 5.33 (1H, s, 6-H), 4.48 (1H,  nation of 3-hydroxyl or 3-glucuronide to give androst-3,5-
m, 3a-H), 4.23 (2H, q, J= 7.08, OCH), 3.84 (1H, d, J= diene-7,17-dione. Better yields were obtained when acety-
7.57 Hz, ®&-H), 3.64 (1H, t, J= 8.3 Hz, 1'&-H), 1.31 (3H, lated glucuronides of steroids were prepared first, acetates
t, J = 7.08, CH), 1.07 (3H, s, 19-CH), 0.77 (3H, s, were hydrolyzed selectively and the resultiags steroid
18-CH;). LC-MS (API-ES): m/z 401.2 (M-Na, 100%), glucuronates were oxygenated at the allylic 7-position.

311.1 (M+Na, -90 (EtOH, CQ), 15%), 271.0 (M1, -90, Synthesis of3-pyranoside forms of steroid glucuronides
-18 (H,0), 3%), 253.1 (M1, -90, -18, -18, 5%). (as their tri-O-acetyl methyl esters) was carried out by

condensation of a specific, open hydroxyl group of the
3.1.37. B-Carbooctyloxyandrost-5-engd7L7B-diol (51) steroid with methyl 2,3,4-tri-O-acetyl-1-bromo-1-deoxy-

3pB-Carbooctyloxyandrost-5-ene-7,17-dio(#/) (0.3 g, a—D-glucopyranuronate utilizing the well known Koenigs-
0.65 mmol) was converted to product 51 as described for Knorr [29] reaction. Acid acceptors such as silver carbonate
compound 49. The product was crystallized from petroleum or cadmium carbonate in anhydrous benzene were used to
ether to afford 0.23 g (77%) ofBcarbooctyloxy-B,173- promote the reaction and freshly pulverized dry calcium
dihydroxyandrost-5-eng1, Table ) as a white solid, m.p.  sulfate was included as internal desiccant. Reactions were
86—87°CH NMR (CDCl,, 200 MHz):85.33 (1H, s, 6-H), run in the dark (when silver carbonate was used), at room
4.48 (1H, m, 3-H), 4.12 (2H, t, J= 6.6, OCH,), 3.89 (1H, temperature for 24—48 h, during which time40—-60%
d,J= 7.54 Hz, &-H), 3.65 (1H, t, = 8.3 Hz, 1'&-H), 0.88 conversion took place (identified by the-NMR spectrum
(3H, t, CHy), 1.07 (3H, s, 19-CK), 0.77 (3H, s, 18-CH). of the reaction mixture). The acetylated glucuronide methyl
LC-MS (API-ES): m/z 485 (M-Na, 100%), 311 (M-Na, esters were isolated by column chromatography on silica gel
-174 (GH,;,0H, CO,), 3%), 293 (M+23, -174, -18 (HO), and/or by crystallization. Fractional crystallization was the
2%). major technique employed for isolating the Koenigs-Knorr
product from the reaction mixture and it was found to be
quite satisfactory in providing high purity glucuronides.
4. Results and discussion Only in cases where isomeric ortho esters or other side
products were formed in larger quantities, were the desired
The 7-oxygenated steroids that are more active than products purified by column chromatography on silica gel.
DHEA have been converted to glucuronides, ethers and The structures of acetylated glucuronide methyl esters
alkylcarbonate esters in an attempt to produce more active,were confirmed byH-NMR, **C-NMR and mass spectrom-
longer lasting derivatives for possible therapeutic use. etry. The anomeric proton signal (1H) of the glucuronic
Glucuronides are generally considered as the end prod-moiety appeared as a doublet at 4.58—4.69 ppm g10—
ucts of metabolism that facilitate excretion of steroid hor- 8.4 Hz) indicating3-glucuronoside linkage. The position of
mones, bile acids and xenobiotics. DHEA glucuronide, the olefinic 6-H of the 7-keto steroids, usually occurred at
however, is not exclusively an end product; it is converted 5.65-5.70 ppm and showed a down field shift of 0.35-0.4
mostly to DHEA sulfate and only a small fraction 15%) ppm from 6-H of non-7-keto steroids; this was another
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significant point in the characterization of 7-keto glucu- Butyl-DHEA was synthesized in 67% yield by the proce-
ronides.B-Anomers of these steroid glucuronopyranosides dure of Armstrong et al. [23] using DHEA antért-butyl
were obtained in good to excellent yield when corrected for trichloroacetimidate in a mixture of dichloromethane and
recovered unreacted steroids. Glucuronidation of 7-oxo- cyclohexane.
DHEA was an exception where formation of a dehydration  Synthesis of & and B-methoxy derivatives of DHEA
product androst-3,5-diene-7,17-dione, as well as formation was reported in 1971 by Adams and Wynne [30]. After a
of an ortho ester-25%), reduced the yield of the desired lengthy and tedious procedure starting from DHEA acetate,
glucuronide to 25%. they were able to obtaine# and 7B-methoxy-DHEA in a
Deacetylation of acetylated glucuronide methyl esters, very poor yield of 0.7% and 7.7% respectively. In our
with or without a 7-keto group was performed with freshly hands, a mixture of diastereomeric 7-methoxy eth26; (
prepared sodium methoxide in anhydrous methanol at am-was prepared in a simple, short procedure and in very good
bient temperature yielding methyl esters of steroid glucu- yields (73%) by stirring @-bromoDHEA @5) in methanol
ronides as the major product in good to excellent yield and silica gel at room temperature for 2 h. No attempt was
except again in case of the 3-glucuronide of 7-keto com- made to synthesize these derivatives in pusndpg forms.
pounds.*H-NMR spectra of deacetylated steroid glucu- 3pB-Dodecanoyl ether of 7-oxo-DHEAP) was prepared
ronides exibited the anomeric proton as a doublet at 4.4—in 83% yield by allylic oxidation of B-dodecanyloxy-
4.48 ppm (J= 7.4—8.3 Hz) thereby confirming the retention DHEA (38) using pyridinium dichromate and N-hy-
of the B-linkage. High resolution mass spectra (HRMS-EI) droxyphthalimide [24]. B-Dodecanyloxy-DHEA 88) was
of steroid glucuronides helped confirm the structure of the synthesized using a standard procedure of refluxing 1-bro-
products but the expected molecular ion was absent. Themododecane and DHEA solution in tetrahydrofuran in pres-
molecular ion was obtained as a sodium adduct base peak irence of sodium hydride.
the FAB-MS spectra of the steroid glucuronides. Finally Etherification of DHEA utilizing ethyl vinyl ether in
allylic oxidation at the 7 position ak>-steroid glucuronides  dichloromethane and in presencepetoluene sulfonic acid,
8 and 12 was performed utilizing the aerobic oxidation at room temperature fd h afforded B-ethoxy ethyl ether
procedure of Foricher et al. [20] in the presence of N- of DHEA (40) in 84% yield based on 55% conversion. The
hydroxy phthalimide and a radical initiator to afford the product4Owas subjected to aerobic oxidation in presence of
corresponding 7-oxo derivatives of steroid glucuroni@es N-hydroxyphthalimide and a radical initiator in refluxing
and13. acetone to obtain B(1'-ethoxy)ethoxyandrost-5-en-7,17-
We next attempted to synthesize small and long chain dione @1, Table 1).
alkyl ethers to see whether etherification of hydroxyl groups  3B-Tetrahydropyranyl ether of 7-oxo-DHEAT, Table
might increase absorption and/or slow the metabolism and1) was made to test the effect of a saturated pyran ring
elimination process. The methyl ethe20( Table 1) of having two stereogenic centers thus generated, on the in-
7-oxoDHEA 2, Scheme 1) was prepared in 67% vyield by duction of thermogenic enzymes. This compound was eas-

allylic oxidation of 33-methoxy-DHEA [21] (9) which ily formed utilizing dihydropyran and pyridiniurp-toluene
was obtained by refluxing Btosyl-DHEA (18) in anhy- sulfonate in anhydrous dichloromethane and was stable to
drous methanol in 94% yield. Further reduction of the prod- most non-acidic reagents.

uct 20 with sodium borohydride in methanol-dichloro- Silyl protected ethers, especiallgrt-butyldimethylsilyl

methane (usually 9:1) at 0-5°C in presence of cerium(lll) ether 32, 33, 35and36) substituted at hydroxyls®3, 3 and
chloride heptahydrate affordedBdnethoxyandrost-5-en- 17, 7, and 7 and 17 positions of the steroid molecule were
7B,17B-diol (24). The 17 keto group of @methoxy DHEA also synthesized. TBDMS ethers are quite stable to a variety
(19) was protected as ethylene ketal, and subsequent oxida-of organic reactions and have good stability toward base.
tion of the ketal derivative afforded 7-oxo compougi Their synthesis involved use tdrt-butyldimethylsilyl chlo-
(Table 1). The 7-oxo group of produ@l was further ride and imidazole in dimethyl formamide. Dichlorometh-
subjected to reduction with sodium borohydride in methanol ane was not appropriate for the synthesis of these specific
at room temperature and a mixture of isomerjg- ‘and 7-substituted derivatives since its acidic character caused
7a-hydroxy derivatives 22, 23, Table 1) was formed, and the formation of dienes.

separated easily by column chromatography. Reduction of Our next interest was to prepare and investigate the
3B-methoxy DHEA (9) at position 17, afforded @me- effect of carbonate substitution on hydroxyls at 3 and 17
thoxy-178-hydroxyandrost-5-ene 2, Table 1) in 86% position of the corresponding sterols, with 7-position oxy-
yield, which was oxidized at the 7 position using N-hy- genated (keto or hydroxyl) in the steroid molecule. Carbon-
droxyphthalimide, oxygen and a radical initiator in reflux- ate substitution of the hydroxyls is much more desirable

ing acetone to afford produ@8 (53% yield, Table 1). than acetate protection. Acetates and carbonates both are
3p-tert-Butyl ether of 7-oxo-DHEA 81, Table 1) was prone to basic hydrolysis, but carbonates are less susceptible
prepared in 87% yield by oxidizing Btert-butyl-DHEA to cleavage because of the resonance effect of the additional

(30) using pyridinium dichromate and N-hydroxyphthalim- oxygen. Various alkyl carbonates (Table 1) such as methyl
ide [24] a new, simple and high yielding procedurg-tert- (42), ethyl @4), allyl (43), isobutyl @5), and octyl 47) as
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well as tricyclic fluorenyl carbonated®) of 7-oxo-DHEA able induction of malic enzyme. Such separation of the
(2) were made by somewhat similar procedure which in- activities has been seen in other steroid derivatives [31].
volved a slow addition of respective chloroformates to the

ice cold solution of steroid substrates in pyridine. Conver-

sion was total in most of the cases and product yields were Acknowledgments

generally high except in the case of the methyl carbonate

(42), an 80% conversion gave 89% product yield and in the ~ This work was supported by Hollis Eden Pharmaceuti-
case of the allyl derivative4@) where poor conversion Cals, Inc. San Diego, CA.

(30%) afforded product in 78% yield. Carbonateand43
were isolated by column chromatography on silica gel.
Some of the carbonate derivatives of the steroitls 44,

47) were subjected to borohydride reduction in methanol-

References

[1] Kroboth PD, Salek FS, Pittenger A, Fabian TJ, Frye RF. DHEA and

dichloromethane with cerium(lll) chloride heptahydrate at DHEA-S: A review. J Clin Pharmacol 1999:39:327—48.
0-5°C and B- and 1B-hydroxy carbonate derivativ¢49- [2] Roberts E. The importance of being dehydroepiandrosterone sulfate
51, Table ]_) were isolated in good yields_ (in the blood of primates). Biochem Pharmacol 1999;57:329-46.

All these 7-0xygenated aIkyI ethers as well as carbonates [3] Starka L, Kutova J. 7-Hydroxylation of dehydroepiandrosterone by
. . . . rat liver homogenate. Biochim Biophys Acta 1962;56:76—82.
are new entities l_JnIess mentloned otherwise. Their struct_ure [4] Heinrichs WL, Mushen RL, Colas A. Thef7hydroxylation of -
and stereochemical assignment were made on the basis of  nhygroxyandrost-5-en-17-one by hepatic microsomes. Steroids 1967;
their *H-NMR and **C-NMR spectroscopic data, high res- 9:23-40.
olution mass spectroscopy, and LC-MS studies. Reaction [5] Doostzadeh J, Morfin R. Studies qf the enzyme complex rgspgnsible
products, as well as some precursors, when known, were for pregnenolone and dehydroepiandrosteronehydroxylation in

| h ized b . f icd ith mouse tissues. Steroids 1996;61:613—-20.
also characterized by comparison of spectroscopic data wit [6] Su CY, Lardy H. Effect of dehydroepiandrosterone on mitochondrial

those available from the literature. Proton NMR of the glycerophosphate dehydrogenase and malic enzyme activities.
6-olefinic hydrogen of all 7-oxo derivatives showed a char- FASEB J 1988;2:A581.
acteristic absorption &t5.7-5.75 with a correspondiridC [7] Pat'_t”dge B, t,LardyJH(-: 'i”é}’”l"i;gg“fg;go%y DHEA: metabolically

. active derivatives. J Cell Bio :107:203.
absorption {,it about 200_202 ppm. On the other hand, ?_hy_ [8] Morales AJ, Nolan JJ, Nelson JC, Yen SSM. Effects of replacement
droxy steroids showed different ppm values for 6-olefinic dose of Dehydroepiandrosterone in men and women of advancing
protons. In case of @-hydroxy compounds the olefinic 6-H age. J Clin Endocrinol Metab 1994;78:1360-7.
appeared high field and around 5.3 ppm whereashy- [9] Anon. Pills, patches, and shots: can hormones prevent aging? Na-

min AL tional Inst on Aging, Washington, D C, 1997, 4 pp.
droxy compounds showed a doublet for olefinic 6-H down [10] Miyamoto H. Yeh S, Lardy H, Messing E, Chang &5-Andro-

field and arognd 5.6 ppm. ) stenediol is a natural hormone with androgenic activity in human
The described new compounds were assayed for liver prostate cancer cells. Proc Natl Acad Sci USA 1998;95:11083-8.

thermogenic enzymes induction in rats (Table 1); Some of [11] Lardy H, Kneer N, Wei Y, Partridge B, Marwah P. Ergosteroids II:

the synthesized derivatives particularly 3-substituted methyl Bi(_"O%ica”g’ aC“"eSTew‘_zo"izz g%‘éslyggheg derivatives of dehydro-
eplanarosterone. erolas HeXH —0bo.
ethers and carbonates were found to be somewhat more[lz] Lardy H, Henwood SM, Weeks C. An acute oral gavage study of

eff?Ctive than the eqUim()lar_amoums of 7TOX0'D|_'|EA_1 with 3p-acetoxyandrost-5-ene-7,17-dione (7-oxo-DHEA-acetate) in rats.

which they were compared in each experiment, in either or Biochem Biophys Res Commun 1999;254:120-3.

both enzyme induction assays. The 3-methoxy derivative [13] Henwood SM, Weeks C, Lardy H. An e_scalating dose oral gavage

(22) was the most active among the methyl ethers. However ~ Study of $-acetoxyandrost-5-ene-7,17-dione (7-oxo-DHEA-acetate)
. .. . . in rhesus monkeys. Biochem Biophys Res Commun 1999;254:

still better activity was achieved by derivatizing th@-3 124-6.

hydroxy group of 7-oxo-DHEA (compound2, Table 1) [14] Davidson M, Marwah A, Sawchuk R, Maki K, Marwah P, Weeks C,

with methyl carbonate. The assayable activities of some of Lardy H. Safety and pharmacokinetic study with escalating doses of

the steroid esters are anomalous [11]. The diacetyl ester of 3-acetyl-7-oxo-DHEA in healthy male volunteers. Clin Investigative

. . . . Med 2000 (in press).
androstenediol does not induce the liver thermogenic er"'[15] Marwah A, Marwah P, Lardy H. Development and validation of a

zymes but the 7-oxo analog Qf _thiS ester is fu”)_/ active [Z.I.l], high-performance liquid chromatography (HPLC) assay for the quan-
the isobutyryl ester of DHEA is inactive but the introduction titative determination of 7-oxo-dehydroepiandrosterofesIfate in
of a 7-oxo group or substituting @chydroxyl at 17 renders human plasma. J Chromatog B 1999;721:197-205.

the steroid active [11]. Derivatization at the 17-position of [16] D’Amato RJ, Lin CM, Flynn E, Folkman J, Hamel E. 2-Me-
thoxyestradiol, an endogenous mammalian metabolite, inhibits tubu-

the steroids either a}s a k_etal oran agetyl group resulted in lin polymerization by interacting at the colchicine site. Proc Natl
decreased enzyme induction as seen in cas@-on&thoxy- Acad Sci USA 1994:91:3964—8.
17B-acetoxyandrost-5-en-7-one9q Table 1). These re-  [17] Shimada K, Mitamura K, Shiroyama M, Yago K. Studies on neuro-
sponses probably reflect different susceptibilities to esterase steroids IX. Characterization of estrogens in rat brains using gas

activity. Some of the glucuronide$,(10, 12), on the other igrlo_n;atography'tandem mass spectrometry. J Chromatog 1999:847:

hand, displayed negligible effect on the induction of mito- [1g] Lardy H. Dehydroepiandrosterone and ergosteroids affect energy
chondrial glycerophosphate dehydrogenase despite reason-  expenditure. In: Watson RR (Ed.), Health Promotion and Aging. The



P. Marwah et al. / Steroids 66 (2001) 581-595 595

Role of Dehydroepiandrosterone (DHEA). Harwood, Amsterdam. [25] Back TG, Baron DL, Morzycki JW. Preparation of 6-azaandrost-4-

1999:33-42. ene-3,7,17-trione and some related 3-oxygenated 6-azaandrostanes.

[19] Su CY, Lardy H. Induction of hepatic mitochondrial glycerophos- Heterocycles 1994;38:1053-60.
phate dehydrogenase in rats by dehydroepiandrosterone. J Biochem[26] Robel P, Emiliozzi R, Baulieu EE. Metabolism of dehydroisoandro-
1991;110:207-13. sterone glucuronide. J Clin Endocrinol 1967;27:1290-302.

[20] Foricher J, Furbringer C, Pfoertner K. Process for the catalytic oxi- [27] Goto J, Murao N, Oohashi J, lkegawa S. Synthesis of bile acid
dation of isoprenoids having allylic groups. US patent. 5,030,739, 24-acyl glucuronides. Steroids 1998;63:180-5.

1991. [28] Cerny I, Pouzar V, Havel M. Glucosylation of some steroidal 17-

[21] Hills RA, Makin HLJ, Kirk JN, Murphy G, Eds. Dictionary of hydroxy derivatives. Collect Czech Chem Commun 1992;57:362-74
Steroids. Chapman and Hall Ltd. pp 1991;515:H00381. and the references therein.

[22] Marwah P, Lardy H. Process for effecting allylic oxidation. US Patent [29] Marsh CA. In: Dutton GJ (Ed.), Glucuronic acid. Academic Press,
5,869,709, 1999. New York, 1966:62.

[23] Armstrong A, Brackenridge I, Jackson RFW, Kirk JM. A new method  [30] Adams JB, Wynne KN. On the preparation and reactions @f 7
for the preparation of tertiary butyl ethers and esters. Tetrahed Lett hydroxy and PB-hydroxydehydroepiandrosterone. Steroidologia
1988;29:2483-6. 1971;2:321-31.

[24] Marwah P, Lardy H. Process for effecting allylic oxidation using [31] Reich IL, Lardy H, Wei Y, Marwah P, Kneer N, Powell DR, Reich
dicarboxylic acid imides and chromium reagentsS Patent (Ap- HJ. Ergosteroids Ill. Syntheses and biological activity of seco-ste-

plied). roids related to dehydroepiandrosterone. Steroids 1998;63:542-53.



