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A simple one-pot procedure for the synthesis of the 5, 6 -seco-steroidal acids 9a,b
in described in this paper. It consists of the epoxidation ofthe A>-steroids. i.e. ,cholesteryl

acetate (8a) and 1 7-oxo-aandrost-5-en-3p-yl acctate (8b) with peracetic acid (generated
in situ by the HyWO4/H20; system), followed by the CrO3/H2S04 oxidation of the thus
formed epoxides. The 5,6-seco-steroidal acids 9a,b (obtained in about 90% and 77%
yield, respectively) arc transformed to the corresponding B-norsteroids by the known

method (Beayer-Villiger oxidation and subsequent thermolysis of the respective B-lac-

tones).
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acetoxy-5.17-dioxo-5,6-secoandrostan-6-oic acid, B-norsteroids.

In the search for steroid hormone analogs with improved biological properties,
many modifications of the natural steroid sceleton havc been attempted, including
the contraction and expansion of the steroid rings. b2 Of these reactions the contrac-
tion of the ring B has attracted much attention, since some of the B-norsteroid
derivatives have shown themselves to be useful substrates for the synthesis of
5-azasteroids.”

The most important routes to B-norsteroids involve the fission of the 5,6-dou-
ble bonds to keto acids or keto aldehydes wich are then closed to the five-membered
ring derivatives by condensation reactions. Two of the best synthetic methods
known, procecding via keto acids, arc: (i) the chromium trioxide oxidation of the
As-steroids; and (ii) the Baeyer-Villiger oxidation of the 5-hydroxy-6-oxo-steroids.

(i) Sorm found?® that when cholesteryl acetate (1) is oxidized by chromic acid
in acetic acid-water solution at 55 °C two products are obtained: the crystallinc
seco-oxoacid 2 (in 25-30% yicld) and 7-oxocholesteryl acetate (3) (in 33% yicld)
(Scheme 1). The seco-oxoacid 2 reacts with benzoyl chloride in pyridine to give the
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B-lactone 4 which, upon pyrolysis at 180 °C, 1s transformed to B-norcholesteryl
acetate (5) (in 90% yield) (Scheme 1). Similar experiments were also performed in
the pregnane and androsterone series.
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(i1) Knof prepared B-norsteroids®® by a multistep process (Scheme 2).
A’-Androstanc or pregnane derivatives were epoxidized with perbenzoic or m-chlo-
roperbenzoic acid to a mixture of the corresponding So,60- and 5f3,6B3-cpoxides 6
(in 95% yield). The mixture was then oxidized with aqueous chromium trioxide in
methyl ethyl ketone to the Sa-hydroxy-6-ketone 7 (in 89% yield). Baeyer-Villiger
oxidation of the hydroxy ketone 7 gave an oxoacid of the type 2 (in 96% yield) as
a complex with benzoic or chlorobenzoic acid. This complex was transformed to
the corresponding A’-B-norsteroid as shown in Scheme 1.
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Scheme 2.

Therefore, the Sorm method gives scco-oxoacids in low yiclds, while the
yields using the Knof procedure, although high, rcfer to the raw products.

In this paper we described a simple one-pot procedure” for the synthesis of
the 5,6-seco-oxoacids 9a,b (Scheme 3), i.e., the key intermediates to B-norsteroids.
It was found that when cholesteryl acctate (8a) or 17-oxoandrost-5-en-3(3-yl acetate
(8b) arc epoxidized with peracctic acid, generated in situ by the HyWO,/H,0,
system, in AcOH-benzene solution at 55 °C, followed by CrO4/H,50, oxidation,
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performed at the same temperature, the 5,6-seco-acids 9a,b are obtained in a pure
state in = 90 and =77% yields, respectively (Scheme 3). Further transformations of
these acids to the corresponding B-norsteroids (in the cholestene and 17-oxoandros-
tene series) are carried out in the usual way.

1
A, . 2,
AcO AcO & AcO O co,H
l .
8a.b Mixture of 5a,6a and 5p,6B-epoxides 9a (~90%)
! {not isolated) ob (~77%)
Cotyy
aR=1 b.R=0
H

Reaction conditions: 1) Hi0,/H;WO/AcOH/benzene, 55°C,1.5h
2) CrOy/H,S0/H,0, 55 °C, 1 h

Scheme 3.

It can be assumed the first step in this procedure involves epoxidation of the
A>-double bond with peracetic acid,” generated in the reaction between tungstic acid
and hydrogen peroxide in several steps as follows:

(1) oxidation of tungstic acid to pertungstic acid (HQWOS)m
H,0, + H,WO4 — HyWO;5 + H,O
(2) formation of peracetic acid
H,WOs + CH;COyH — CH3CO3H + HyWO,
(3) epoxidation of the olefinic double bond by peracetic acid

N / N /
CH3COzH + /C:C\ —> /C\—/C\ + CH;CO5H
O
The oxidative decompositon of the cpoxides to the corresponding 5,6-seco-
acids 9a and 9b is achieved by the CrO3/H,SO, reagent added to the reaction

mixture.

EXPERIMENTAL

General

Removal of solvents was carried out under reduced pressure. Dry-ﬂaéh chromatography (DFC):
silica gel, 12-26 ICN Biomedicals. TLC: control of the reaciton and the separation of products on silica
gel G (Stahl) with benzene/AcOEL (90:10 or 70:30), detection with 50% aq. H2S04 soln. M. ps:

: ; . . . . . 9y . . . .
This procedure is also cfficient for preparation ol cpoxides,” since the epoxide ring is stable under the
experimental conditions uscd for its formation.
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uncorrected. IR spectra: Perkin-Elmer 457 grating spectrophotometer, v incm y NMR-spectra: Varian
Gemini 200 (IH at 200 MHz, Bcat 50 MHz), CDC]l; soln. at r.t., TMS as internal standard, 6 in ppm,
Jin Hz.

3B-Acetoxy-5-ox0-3,6-secocholestan-6-oic acid (9a)

A mixture of cholesteryl acetate (2.14 g), tungstic acid (0.125 g), glacial acetic acid (2.5 ml),
hydrogen peroxide (30%, 2.5 ml) and benzene (7.5 ml) was stirred in a round bottom flask placed in
a water-bath at 55 °C. The reaciton was monitored by TLC (benzene: EtOAc =9:1). When the starting
material had been completely transformed to a mixture of the corresponding epoxides, a solution of
CrO3 (1.5 g). conc. H2SO4 (1.5 ml) and dest. H20 (5 ml) was gradually added. The reaction mixture
was stirred at 55 °C for2.5 h. After addition of MeOH (1-3 ml), the mixture was extracted with benzene,
The organic layer was washed with saturated aqueous NaCl solution, dried over anhydrous Na2SO4
and evaporated in vacuo to dryness. The resulting mixture was separated by dry-flash column
chromatography. Elution with benzene:EtOAc (90:10; 80:20; 70:30) afforded a complex mixture of
undefined products (0.190 g); further elution with benzene:EtOAc (60:40) gave the pure. oily
5,6-secoacid 9a (2.15 g: 90.38%), which was crystallized from methanol to afford 33-acetoxy-5-oxo-
5.6-secocholestan-6-oic acid (1.84 g, 77.14%). M.p. 125-127 °C. [Ot]D25 =+ 772 (¢ =1, CHCI3),
ait*" m.p. 130 °C. [adp + 77.9). IR (KBr): 3453, = 3300-2500, 1737, 1714, 1251. 'H-NMR: 0.69
(3H. s, Me-18), 0.86 (6H, 24, J=6.4 Hz Me-26, Me-27), 0.91 (3H, d, Me-21, J=6.4 Hz), 1.05 (3H, s,
Me-19),2.01 (3H.s. AcO), 3.19 (1H, dd..J = 4.6, 14.2 Hz, HB-C(4)), 5.39 (1H, 5, H-C(3)). "C-NMR:
216.4 (s, C(5)), 178.9 (s. C(6)). 170.3 (s, MeCO)), 73.4 (d, C(3)). 55.8 (d. C(17)), 54.4 (d, C(14)),
52.3 (s, C(13)), 43.0 (1, C(4)), 42.5 (d. C(R)). 41.5 (s, C(10)), 39.7 (1, C(7)), 39.3 (1, C(24)), 35.9 (1.
C(22)). 35.6 (d. C(9)), 35.5 (d, C(20)), 34.3 (r, C(12)), 34.1 (1, C(1)), 27.9 (d, C(25)), 1, C(16)), 25.]
(t. C(11)), 243 (1, C(15)), 23.7 (r. C(2)). 22.9 (1, C(23)). 22.7 (g, C(26)), 22.4 (¢, C27)), 21.1 (g,
MeCO)), 18.5(¢. C(21)), 17.6 (¢, C(19), 11.6 (g, C(18)). Anal. calc. for: C29H4305 (476.69): C 73.07.
H 10.15; found C 73.20, H 10.08&.

3B-Acetoxy-5.17-dioxo-3,6-secoandrostain-6-oic acid (9b)

The same reaction procedure was performed in the androstanc serie using 33-acetoxyandrost-
5-en-17-on¢ (1.65 ¢). tungstic acid (0.125 g). glacial acetic acid (2.5 ml), hydrogen peroxide (30%,
2.5 ml) and benzene (7.5 ml). The reaction was monitored by TLC (benzene:EtOAc = 7:3). After
complete consumption of the substrate, a mixturc of 1.5 g CrO3, 1.5 ml conc. H2504 and 5 ml HO
was gradually added and the reaction continued for an additional 3 h. The reaction mixture obtained,
after work-up as above, was scparated by dry-flash column chromatography. Elution with benzene:
EtOAc (95:5:90:10: 85:15;80:20) afforded a complex mixturc of undefined products (0.109 g); further
clution with benzene: EtOAc (75:25) gave the oily 3-acctoxy-5,17-dikoxo-5.6-sccoandrostan-6-oic
acid 9b (1.45 ¢ 76.61%). IR (film): 3446, =3300-2500, 1733, =1710, 1245, 750, "H-NMR: 0.90 (3H,
s.Me-18), 1.08 (3H, 5, Me-19),2.03 (3H, 5, AcO),3.15(I1H, dd,J = 4.4, 14.4 Hz. HB-C(4)), 5.38 (1H,
s, H-C(3)). BC.NMR: 220.4 (s, C(5)). 215.9 (s, C(17)), 177.0 (s, C(6)). 170.3 (s, McCO), 73.2 (d,
C(3)). 52.2 (5. C(13)). 49.3 (d, C(14)), 47.6 (s, C(10)), 42.9 (¢, C(4)), 41.7 (d. C(R)), 35.6 (1, C(15)),
34.9 (d, C(9)). 34.3 (1, C(7), 32.9 (1, C(12)), 31.2 (1. C(16)), 24.9 (¢, C(11)), 22.1 (1. (1)}, 219 (¢,
C(2)),21.0 (g, MeCO), 17.4 (g. C(19)), 13.2 (¢. C(1R)). Anal. calc. for: C21H3006 (378.47): C 66.64,
H 7.99; found: C 66.56, H 8.24.
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[MOBOJBIIAHY NOCTYINAK 3A CUHTE3Y B-HOPCTEPOMIIA: TOBMBAKE
3B-AHETOKCH-5-OKCO-5.6-CEKO-6-XOJIIECTAHCKE 1
38-ALUETOKCH-5,17-TUOKCO-5,6-CEKO-6-AHAPOCTAHCKE KUCEJITMHE

LYEOMMP C. CTEBOBUTR * BNAMMMP 1. [IABAOBHR*® CAIIA 5. MAPTUHOBUT., MUTTAH M.
TABOBUR® n UBAH O. JYPAHWUR"®

"Xemujexu ghaxyaiiieli, Yruaepauiieiti y beoZpady, Citiydenitickit ip? 12-16, 11000 beozpao E'L[emﬁap 3@ XeMUJY,
Hnc@iuimiyiti 3a xemujy, ifiexnoaoujy u smeiiaaypufy, thezowesa 12, 11000 Beozpao

Y OBOM pajiy j€ ONMCaH jeHOCTABaH NOCTYTIAK 33 CHHTE3Y 5,6-CCKO-CTEPOU/IHAX KUCEIMHA
9a,b. OH ce cacTojH Off ENOKCHAATH]E A’ -CTEpOHJIA, TO JeCT, XonecTepun aueraTa (8a) u 17-okco-
aHpocT-5-en-3P-un aueTara (8b) niepcupheTHOM KMCETMHOM (KOja ce cTBapa i situ nomohy
H>WO4/H>O> cucrteMa), nocjie yera cieiu OKCHjlalMja OBaKO MOOMBEHMX €NOKCHUNR nomohy
CrO3/H2S04 pearenca. 5,6-Ceko-crepongue Kucesiute 9a,b (koje cy NoOHBEHE Y IPUHOCY O/l OKO
90%, onHOCHO 77%), TpancdopMIicaHe cy y ofrosapajyhe B-HOpCTEpOUIE IO3HATOM METO/IOM
(Baeyer-Villiger-oBOM OKCHIAIMJOM KETO CEKO-KHCEIMHA U TCPMOJIM30M TaKo TOOUBEHMX [-nakK-

TOHA).
(ITpummeno 10. aprycra 1998)
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