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PROCESSES FOR PREPARATIONS OF 9,11-EPOXY 
STEROIDS AND INTERMEDIATES USEFUL 

THEREIN 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to the novel processes for the 
preparation of 9,ll-epoxy steroid compounds, especially 
those of the 20-spiroxane series and their analogs, novel 
intermediates useful in the preparation of steroid com 
pounds, and processes for the preparation of such novel 
intermediates. Most particularly, the invention is directed to 
novel and advantageous methods for the preparation of 
methyl hydrogen 9,1 lot-epoxy- l 70t-hydroxy-3 -oxopregn-4 
ene-70t,2l-dicarboxylate, y-lactone (also referred to as 
eplerenone or epoxymexrenone). 

[0002] Methods for the preparation of 20-spiroxane series 
is compounds are described in US. Pat. No. 4,559,332. The 
compounds produced in accordance With the process of the 
’332 patent have an open oxygen containing ring E of the 
general formula: 

in Which 

[0003] -A-A- represents the group iCH24CH2i or 
iCH=CHi; 

[0004] R1 represents an ot-oriented loWer alkoxycarbonyl 
or hydroxycarbonyl radical; 

[0005] iBiBi represents the group iCHZiCHZi or 
an ot- or [3-oriented group; 

III 
R6 R7 

/ 
CH CH 

[0006] R6 and R7 being hydrogen; 

[0007] X represents tWo hydrogen-atoms or oxo; 

[0008] Y1 and Y2 together represent the oxygen bridge 
iOi, or 

[0009] Y1 represents hydroxy, and 

[0010] Y2 represents hydroxy, loWer alkoxy or, if X rep 
resents H2, also loWer alkanoyloxy; 

[0011] and salts of such compounds in Which X represents 
oxo and Y2 represents hydroxy, that is to say of correspond 
ing 17 [3-hydroxy-2 l -carboxylic acids. 
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[0012] US. Pat. No. 4,559,332 describes a number of 
methods for the preparation of epoxymexrenone and related 
compounds of Formula IA. The advent of neW and expanded 
clinical uses for epoxymexrenone create a need for 

improved processes for the manufacture of this and other is 
related steroids. 

SUMMARY OF THE INVENTION 

[0013] The primary object of the present invention is the 
provision of improved processes for the preparation of 
epoxymexrenone, other 20-spiroxanes and other steroids 
having common structural features. Among the particular 
objects of the invention are: to provide an improved process 

that produces products of Formula IA and other related 
compounds in high yield; the provision of such a process 
Which involves a minimum of isolation steps; and the 

provision of such a process Which may be implemented With 
reasonable capital expense and operated at reasonable con 
version cost. 

[0014] Accordingly, the present invention is directed to a 
series of synthesis schemes for epoxymexrenone; interme 
diates useful in the manufacture of epoxymexrenone; and 
syntheses for such novel intermediates. 

[0015] The novel synthesis schemes are described in detail 
in the Description of Preferred Embodiments. Among the 
novel intermediates of this invention are those described 
immediately beloW. 

[0016] A compound of Formula IV corresponds to the 
structure: 

IV 

Wherein: 

[0017] -A-A- represents the group 4CHR44CHR5i 
or iCR4=CR5i; 

[0018] R3, R4 and R5 are independently selected from 
the group consisting of hydrogen, halo, hydroxy, loWer 
alkyl, loWer alkoxy, hydroxyalkyl, alkoxyalkyl, 
hydroxy carbonyl, cyano and aryloxy; 

[0019] R1 represents an alpha-oriented loWer alkoxy 
carbonyl or hydroxycarbonyl radical; 

[0020] R2 is an llot-leaving group the abstraction of 
Which is effective for generating a double bond 
betWeen the 9- and ll-carbon atoms; 
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[0021] iBiBi represents the group 4CHR6i 
CHR7i or an alpha- or beta-oriented group: 

III 
R6 R7 

/ 
CH CH 

[0022] Where R6 and R7 are independently selected 
from the group consisting of hydrogen, halo, loWer 
alkoxy, acyl, hydroxalkyl, alkoxyalkyl, hydroxycarbo 
nyl, alkyl, alkoxycarbonyl, acyloxyalkyl, cyano and 
aryloxy; and 

[0023] R8 and R9 are independently selected from the 
group consisting of hydrogen, hydroxy, halo, loWer 
alkoxy, acyl, hydroxyalkyl, alkoxyalkyl, hydroxycar 
bonyl, alkyl, alkoxycarbonyl, acyloxyalkyl, cyano and 
aryloxy, or R8 and R9 together comprise a carbocyclic 
or heterocyclic ring structure, or R8 or R9 together With 
R6 or R7 comprise a carbocyclic or heterocyclic ring 
structure fused to the pentacyclic D ring. 

[0024] A compound of Formula IVA corresponds to For 
mula IV Wherein R8 and R9 together With the ring carbon to 
Which they are attached form the structure: 

WIV 

Y1 Y2 

Where X, Y1, Y2 and C(17) are as de?ned above. 

[0025] A compound of Formula IVB corresponds to For 
mula IV Wherein R8 and R9 together form the structure of 
Formula XXXIII: 

[0026] Compounds of Formulae IVC, IVD and IVE, 
respectively, correspond to any of Formula IV, IVA, or IVB 
wherein each of -A-A- and iBiBi is 4CH24CH2i, 
R is hydrogen, and R1 is alkoxycarbonyl, preferably meth 
oxycarbonyl. Compounds Within the scope of Formula IV 
may be prepared by reacting a loWer alkylsulfonylating or 
acylating reagent, or a halide generating agent, With a 
corresponding compound Within the scope of Formula V. 
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[0027] A compound of Formula V corresponds to the 
structure: 

Wherein -A-A-, iBiBi, R1, R3, R8 and R9 are as de?ned 
in Formula IV. 

[0028] A compound of Formula VA corresponds to For 
mula V Wherein R8 and R9 With the ring carbon to Which 
they are attached together form the structure: 

WIV 

Y1 Y2 

Where X, Y1, Y2 and C(17) are as de?ned above. 

[0029] A compound of Formula VB corresponds to For 
mula V Wherein R8 and R9 together form the structure of 
Formula XXXIII: 

O 

[0030] Compounds of Formulae VC, VD and VE, respec 
tiVely, correspond to any of Formula V, VA, or VB Wherein 
each of -A-A- and iBiBi is iCHZiCHZi, R3 is 
hydrogen, and R1 is alkoxycarbonyl, preferably methoxy 
carbonyl. Compounds Within the scope of Formula V may 
be prepared by reacting an alkali metal alkoxide With a 
corresponding compound of Formula VI. 
[0031] A compound of Formula VI corresponds to the 
structure: 

VI 

Wherein -A-A-, iBiBi, R3, R8 and R9 are as de?ned in 
Formula IV. 
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[0032] A compound of Formula VIA corresponds to For 
mula VI wherein R8 and R9 together With the ring carbon to 
Which they are attached form the structure: 

Where X, Y1, Y2 and C(17) are as de?ned above. 

[0033] A compound of Formula VIB corresponds to For 
mula VI Wherein R8 and R9 together form the structure of 
Formula XXXIII: 

[0034] Compounds of Formulae VIC, VID and VIE, 
respectively, correspond to any of Formula VI, VIA, or VIB 
Wherein each of -A-A- and iBiBi is 4CH24CH2i, 
and R3 is hydrogen. Compounds of Formula VI, VIA, VIB 
and VIC are prepared by hydrolyZing a compound corre 
sponding to Formula VII, VIIA, VIIB or VIIC, respectively. 

[0035] A compound of Formula VII corresponds to the 
structure: 

VII 

NH2 

Wherein -A-A-, iBiBi, R3, R8 and R9 are as de?ned in 
Formula IV. 

[0036] A compound of Formula VIIA corresponds to 
Formula VII Wherein R8 and R9 together With the ring 
carbon to Which they are attached form the structure: 

Where X, Y1, Y2 and C(17) are as de?ned above. 
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[0037] A compound of Formula VIIB corresponds to 
Formula VII Wherein R8 and R9 together form the structure 
of Formula XXXIII: 

[0038] Compounds of Formulae VIIC, VIID and VIIE, 
respectively, correspond to any of Formula VII, VIIA, or 
VIIB Wherein each of -A-A- and iBiBi is 4CH2i 
CHzi, and R3 is hydrogen. A compound Within the scope 
of Formula VII may be prepared by cyanidation of a 
compound Within the scope of Formula VIII. 

[0039] A compound of Formula VIII corresponds to the 
structure: 

VIII 

Wherein -A-A-, iBiBi, R3, R8 and R9 are as de?ned in 
Formula IV. 

[0040] A compound of Formula VIIIA corresponds to 
Formula VIII Wherein R8 and R9 together With the ring 
carbon to Which they are attached form the structure: 

Where X, Y1, Y2 and C(17) are as de?ned above. 

[0041] A compound of Formula VIIIB corresponds to 
Formula VIII Wherein R8 and R9 together form the structure 
of Formula XXXIII: 
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[0042] Compounds of Formulae VIIIC, VIIID and VIIIE, 
respectively, correspond to any of Formula VIII, VIIIA, or 
VIIIB Wherein each of -A-A- and iBiBi is 4CH2i 
CHzi, and R3 is hydrogen. Compounds Within the scope of 
Formula VIII are prepared by oxidizing a substrate com 
prising a compound of Formula XXX as described herein 
beloW by fermentation e?‘ective for introducing an ll-hy 
droxy group into the substrate in ot-orientation. 

[0043] A compound of Formula IX corresponds to the 
structure: 

Where -A-A-, iBiBi, R3, R8 and R9 are as de?ned in 
Formula IV, and R1 is as de?ned in Formula V. 

[0044] A compound of Formula IXA corresponds to For 
mula IX Wherein R8 and R9 together With the ring carbon to 
Which they are attached form the structure: 

XXXIV 
1 Y2 

Y 

/ \ 

Where X, Y1, Y2 and C(17) are as de?ned above. 

[0045] A compound of Formula IXB corresponds to For 
mula IX Wherein R8 and R9 together With the ring carbon to 
Which they are attached form the structure of Formula 
XXXIII: 

[0046] Compounds of Formulae IXC, IXD and IXE, 
respectively, correspond to any of Formula IX, IXA, or IXB 
Wherein each of -A-A- and iBiBi is 4CH24CH2i, 
and R3 is hydrogen. Compounds Within the scope of For 
mula IX can be prepared by bioconversion of a correspond 
ing compound Within the scope of Formula X. 

Jan. 31, 2008 

[0047] A compound of Formula XIV corresponds to the 
structure: 

XIV 

Wherein -A-A-, iBiBi, R3, R8 and R9 are as de?ned in 
Formula IV. 

[0048] A compound of Formula XIVA corresponds to 
Formula XIV Wherein R8 and R9 together With the ring 
carbon to Which they are attached form the structure: 

XXXIV 
1 Y2 

Y 

Where X, Y1, Y2 and C(17) are as de?ned above. 

[0049] A compound of Formula XIVB corresponds to 
Formula XIV Wherein R8 and R9 together With the ring 
carbon to Which they are attached form the structure of 

Formula XXXIII: 

[0050] Compounds of Formulae XIVC, XIVD and XIVE, 
respectively, correspond to any of Formula XIV, XIVA, or 
XIVB Wherein each of -A-A- and iBiBi is 4CH2i 

CHzi, and R3 is hydrogen. Compounds Within the scope of 
Formula XIV can be prepared by hydrolysis of a corre 

sponding compound Within the scope of Formula XV. 
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[0051] A compound of Formula XV corresponds to the 
structure: 

XV 

wherein -A-A-, iBiBi, R3, R8 and R9 are as de?ned in 
Formula IV. 

[0052] A compound of Formula XVA corresponds to For 
mula XV Wherein R8 and R9 together With the ring carbon to 
Which they are attached form the structure: 

Where X, Y1, Y2 and C(17) are as de?ned above. 

[0053] A compound of Formula XVB corresponds to 
Formula XV Wherein R8 and R9 together With the ring 
carbon to Which they are attached form the structure of 

Formula XXXIII: 

[0054] Compounds of Formulae XVC, XVD and XVE, 
respectively, correspond to any of Formula XV, XVA, or 
XVB Wherein each of -A-A- and iBiBi is 4CH2i 

CHzi, and R3 is hydrogen. Compounds Within the scope of 
Formula XV can be prepared by cyanidation of a corre 

sponding compound Within the scope of Formula XVI. 
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[0055] A compound of Formula XXI corresponds to the 
structure: 

Wherein -A-A-, iBiBi, R3, R8 and R9 are as de?ned in 
Formula IV. 

[0056] A compound of Formula XXIA corresponds to 
Formula XXI Wherein R8 and R9 together With the ring 
carbon to Which they are attached form the structure: 

Where X, Y1, Y2 and C(17) are as de?ned above. 

[0057] A compound of Formula XXIB corresponds to 
Formula XXI Wherein R8 and R9 together form the structure 
of Formula XXXIII: 

[0058] Compounds of Formulae XXIC, XXID and XXIE, 

respectively, correspond to any of Formula XXI, XXIA, or 

XXIB Wherein each of -A-A- and iBiBi is 4CH2i 

CHzi, and R3 is hydrogen. Compounds Within the scope of 

Formula XXI may be prepared by hydrolyZing a correspond 

ing compound Within the scope of Formula XXII. 
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[0059] A compound of Formula XXII corresponds to the 
structure: 

wherein -A-A-, iBiBi, R3, R8 and R9 are as de?ned in 
Formula IV. 

[0060] A compound of Formula XXIIA corresponds to 
Formula XXII Wherein R8 and R9 together With the ring 
carbon to Which they are attached form the structure: 

Where X, Y1, Y2 and C(17) are as de?ned above. 

[0061] A compound of Formula XXIIB corresponds to 
Formula XXII Wherein R8 and R9 together form the structure 
of Formula XXXIII: 

[0062] Compounds of Formulae XXIIC, XXIID and 

XXIIE, respectively, correspond to any of Formula XXII, 

XXIIA, or XXIIB Wherein each of -A-A- and iBiBi is 

iCH24CH2i, and R3 is hydrogen. Compounds Within the 

scope of Formula XXII may be prepared by cyanidation of 

a compound Within the scope of Formula XXIII. 
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[0063] A compound of Formula XXIII corresponds to the 
structure: 

Wherein -A-A-, iBiBi, R3, R8 and R9 are as de?ned in 
Formula IV. 

[0064] A compound of Formula XXIIIA corresponds to 
Formula XXIII Wherein R8 and R9 together With the ring 
carbon to Which they are attached form the structure: 

Where X, Y1, Y2 and C(17) are as de?ned above. 

[0065] A compound of Formula XXIIIB corresponds to 
Formula XXIII Wherein R8 and R9 together form the struc 
ture of Formula XXXIII: 

O 

[0066] Compounds of Formulae XXIIIC, XXIIID and 
XXIIIE, respectively, correspond to any of Formula XXIII, 
XXIIIA, or XXIIIB Wherein each of -A-A- and iBiBi 
is iCHZiCHZi, and R3 is hydrogen. Compounds Within 
the scope of Formula XXIII can be prepared by oxidation of 
a compound of Formula XXIV, as described hereinbeloW. 

[0067] A compound of Formula XXVI corresponds to the 
structure: 

Wherein -A-A-, iBiBi, R3, R8 and R9 are as de?ned in 
Formula IV. 
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[0068] A compound of Formula XXVIA corresponds to 
Formula XXVI wherein each of -A-A- and iBiBi is 

iCH24CH2i and R3 is hydrogen. Compounds Within the 
scope of Formula XXVI can be prepared by oxidation of a 
compound of Formula XXVII. 

[0069] A compound of Formula XXV corresponding to 
the structure: 

UV 

Wherein -A-A-, iBiBi, R3, R8 and R9 are as de?ned in 
Formula IV. 

[0070] A compound of Formula XXVA corresponds to 
Formula XXV Wherein each of -A-A- and iBiBi is 

iCH24CH2i, and R3 is hydrogen. Compounds Within the 
scope of Formula XXV can be prepared by cyanidation of a 
compound of Formula XXVI. 

[0071] A compound of Formula 104 corresponds to the 
structure: 

104 

R110 

Wherein -A-A-, iBiBi and R3 are as de?ned in Formula 

IV, and R11 is C1 to C4 alkyl. 

[0072] A compound of Formula 104A corresponds to 
Formula 104 Wherein each of -A-A- and iBiBi is 
iCH24CH2i, and R3 is hydrogen. Compounds Within the 
scope of Formula 104 may be prepared by thermal decom 
position of a compound of Formula 103. 
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[0073] A compound of Formula 103 corresponds to the 
structure: 

103 

002Rl2 

R110 

Wherein -A-A-, iBiBi, R3 and R11 are as de?ned in 
Formula 104, and R12 is a C1 to C4 alkyl. 
[0074] A compound of Formula 103A corresponds to 
Formula 103 Wherein each of -A-A- and iBiBi is 
4CH24CH2i, and R3 is hydrogen. Compounds Within the 
scope of Formula 103 may be prepared by reaction of a 
corresponding compound of Formula 102 With a dialkyl 
malonate in the presence of a base such as an alkali metal 
alkoxide. 

[0075] A compound of Formula 102 corresponds to the 
structure: 

102 

R110 

Wherein -A-A-, iBiBi, R3 and R11 are as de?ned in 
Formula 104. 

[0076] A compound of Formula 102A corresponds to 
Formula 102 Wherein each of -A-A- and iBiBi is 
4CH24CH2i, and R3 is hydrogen. Compounds Within the 
scope of Formula 102 may be prepared by reaction of a 
corresponding compound of Formula 101 With a trialkyl 
sulfonium compound in the presence of a base. 

[0077] A compound of Formula 101 corresponds to the 
structure: 

101 

Wherein -A-A-, iBiBi, R3 and R11 are as de?ned in 
Formula 104. 
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[0078] A compound of Formula 101A corresponds to 
Formula 101 wherein each of -A-A- and iBiBi is 
iCH24CH2i, and R3 is hydrogen. Compounds Within the 
scope of Formula 101 may be prepared by reaction of 
110t-hydroXyandrostene-3,17-dione or other compound of 
Formula XXXVI With a trialkyl orthofor'mate in the pres 
ence of an acid. 

[0079] A compound of Formula XL corresponds to the 
Formula: 

XL 

Wherein -E-E- is selected from among 

XLIII 
R21 R22 

\| | 
C—C— 

/ I|{23 
XLIV 

R21 
| 

C=C— 

XLV 
R21 OR24 

\l | 
C—C— 

/ ILZZ 
XLVI 

OR24 R21 

\i_i_ and 
/ ILZZ 

XLVII 

\ :9, 
s 2CR2l_ 

R21, R22 and R23 are independently selected from among 
hydrogen, alkyl, halo, nitro, and cyano; R24 is selected from 
among hydrogen and loWer alkyl; R80 and R90 are indepen 
dently selected from keto and the substituents that may 
constitute R8 and R9 (as de?ned hereinabove With reference 
to Formula IV); and -A-A-, iBiBi and R3 are as de?ned 
in Formula IV. 

[0080] A compound of Formula XLA corresponds to For 
mula XL Wherein R21, R22 and R23 are independently 
selected from among hydrogen, halogen and loWer alkyl. 

[0081] A compound of Formula XLB corresponds to For 
mula XLA Wherein -E-E- corresponds to Formula XLIII, 
XLIV, XLV or XLVII. A compound of Formula XLC 
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corresponds to Formula XLB Wherein -E-E- corresponds to 
Formula XLV. A compound is of XLD corresponds to 
Formula XLB Wherein -E-E- corresponds to Formula 
XLVII. 

[0082] A compound of Formula XLE corresponds to For 
mula XL wherein R80 and R90 together With the ring carbon 
atom to Which they are attached comprise keto or: 

WIV 
Y2 Y1 

\C(17)""I"(CH2)2—C—X 
/ \ 

Where X, Y1, Y2 and C(17) are as de?ned above, or 

WIII 

[0083] Compounds of Formula XLIE correspond to For 
mula XL in which R80 and R90 together form keto. 

[0084] Compounds of Formulae XLF, XLG, XLH, XL], 
XLM, and XLN correspond to Formula XL, XLA, XLB, 
XLC, XLD and XLE, respectively, in Which -A-A-, 
iBiBi and R3 are as de?ned above. 

[0085] A compound of Formula XLI corresponds to the 
Formula: 

XLI 

(see 
scheme 9) 

XLI 

Wherein -E-E- is selected from among: 

XLIII 
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R18 is C 1 to C4 alkyl or the RlsOi groups together form an 
0,0-oxyalkylene bridge; R21, R22 and R23 are independently 
selected from among hydrogen, alkyl, halo, nitro, and 
among hydrogen and loWer alkyl; R80 and R90 are indepen 
dently selected from keto and the substituents that may 
constitute R8 and R9; and -A-A-, iBiBi and R3 are as 
de?ned in Formula IV. 

[0086] A compound of Formula XLlA- corresponds to 
Formula XLI Wherein R21, R22 and R23 are independently 
selected from among hydrogen, halogen, and loWer alkyl. 

[0087] A compound of Formula XLIB corresponds to 
Formula XLIA Wherein -E-E- corresponds to Formula 
XLIH, XLIV, XLV or XLVII. 

[0088] A compound of Formula XLIC corresponds to 
Formula XLI wherein R80 and R90 together With the ring 
carbon atom to Which they are attached comprise keto or: 

Where X, Y1, Y2 and C(17) are as de?ned above. 

[0089] Compounds of Formulae XLID correspond to For 
mula. XLI in Which the substituent XXXIV corresponds to 
the structure XXXlll 

[0090] Compounds of Formula XLIE correspond to For 
mula XL in which R80 and R90 together form keto. 

[0091] Compounds of Formulae XLIF, XLIG, XLIH, 
XLIJ, XLIM, and XLIN correspond to Formula XLI, XLIA, 
XLIB, XLIC, XLID and XLIE, respectively, in Which -A 
A-, iBiBi and R3 are as de?ned above. Compounds 
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Within the scope of Formula XLI are prepared by hydrolysis 
of corresponding compounds of Formula XL as de?ned 
hereinbeloW. 

[0092] A compound of Formula XLII corresponds to the 
Formula: 

Wherein -E-E- is selected from among: 

R21, R22 and R23 are independently selected from among 
hydrogen, alkyl, halo, nitro, and cyano; R24 is selected from 
among hydrogen and loWer alkyl; R80 and R90 are indepen 
dently selected from keto and the substituents that may 
constitute R8 and R9; and -A-A-, iBiBi and R3 are as 
de?ned in Formula IV. 

[0093] A compound of Formula XLHA corresponds to 
Formula XLII Wherein R21, R22 and R23 are independently 
selected from among hydrogen, halogen and loWer alkyl. 

[0094] A compound of Formula XLIIB corresponds to 
Formula XLHA Wherein -E-E- corresponds to Formula 
XLIH, XLIV, XLV or XLVII. 
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[0095] A compound of Formula XLHC corresponds to 
Formula XLII wherein R80 and R90 together With the ring 
carbon to Which they are attached comprise keto or: 

WIV 

Y1 Y2 

Where X, Y1, Y2 and C(17) are as de?ned above. 

[0096] Compounds of Formulae XLIID correspond to 
Formula XLll in Which the substituent XXXIV corresponds 
to the structure XXXlll 

W111 

[0097] Compounds of Formula XLIIE correspond to For 
mula XLII in which R80 and R90 together form keto. Com 
pounds of Formulae XLHF, XLIIG, XLIIH, XLIIJ, XLIIM 
and XLIIN correspond to Formulae XLII, XLIIA, XLIIB, 
XLHC, XLIID and XLIIE, respectively, in Which -A-A- and 
iBiBi are iCHZiCHZ and R3 is hydrogen. Com 
pounds Within the scope of Formula XLll are prepared by 
deprotecting a corresponding compound of Formula XLI. 

[0098] A compound of the Formula XLIX corresponds to 
the structure: 

XLIX 

Wherein -E-E- is as de?ned in Formula XL, and -A-A-, 
iBiBi, R1, R3, R8 and R9 are as de?ned in Formula IV. 

[0099] A compound of Formula XLIXA corresponds to 
Formula XLIX Wherein R8 and R9 With the ring carbon to 
Which they are attached together form the structure: 

WIV 

Y1 Y2 

Where X, Y1, Y2 and C(17) are as de?ned above. 
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[0100] A compound of Formula XLIXB corresponds to 
Formula XLIX Wherein R8 and R9 together form the struc 
ture of Formula XXXlll: 

W111 

0 

Compounds of Formulae XLIXC, XLIXD, XLIXE, respec 
tively, correspond to any of Formula XLIX, XLIXA or 
XLIXB Wherein each of -A-A- and iBiBi is 4CH2i 
CHzi, R3 is hydrogen and R1 is alkoxycarbonyl, preferably 
methoxycarbonyl. Compounds Within the scope of Formula 
XLIX may be prepared by reacting an alcoholic or aqueous 
solvent With a corresponding compound Formula VI in the 
presence of a suitable base. 

[0101] A compound of Formula A203 corresponds to the 
structure: 

[A203] 
3 

R ORl8 ORIS 

B 

1,,’ R180 "'cHo 

Wherein -E-E- is selected from among: 

XLIH 

\RZI R22 
C—C— / R23 

XLV 

\RZI OR24 
C—C— / R22 

XLVI 
OR24 R21 

and 

/ ILZZ 
XLVII 

\ c:—"cR21— 

R18 is selected from among C l to C4 alkyl; R21, R22 and R23 
are independently selected from among hydrogen, alkyl, 
halo, nitro, and cyano; R24 is selected from among hydrogen 
and loWer alkyl; and -A-A-, iBiBi and R3 are as de?ned 
in Formula IV. 

[0102] A compound of Formula A203A corresponds to 
Formula A203 Wherein R21, R22 and R23 are independently 
selected from among hydrogen, halogen, and loWer alkyl. 
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[0103] A compound of Formula A203B corresponds to 
Formula A203A wherein -E-E- corresponds to Formula 
XLHI, XLIV, XLV or XLVII. 

[0104] Compounds of Formulae A203C, A203D, and 
A203E respectively correspond to Formula A203, A203A 
and A203B Wherein each of -A-A- and iBiBi is 
iCH24CH2i, and R3 is hydrogen. Compounds Within the 
scope of Formula A203 are prepared by reducing a com 
pound of Formula A202 as de?ned hereinbeloW. 

[0105] A compound of Formula A204 corresponds to the 
structure: 

[A204] 

wherein R19 is C1 to C4 alkyl, and -E-E-, -A-A-, iBiBi 
and R3 are as de?ned in Formula 203. 

[0106] A compound of Formula A204A corresponds to 
Formula A204 Wherein R21, R22 and R23 are independently 
selected from among hydrogen, halogen, and loWer alkyl. 

[0107] A compound of Formula A204B corresponds to 
Formula A204A Wherein -E-E- corresponds to Formula 
XLHI, XLIV, XLV or XLVII. 

[0108] Compounds of Formulae A204C, A204D, and 
A204E respectively correspond to Formulae A204, A204A, 
and A204B Wherein each of -A-A- and iBiBi is 
iCH24CH2i, and R3 is hydrogen. Compounds Within the 
scope of Formula A204 are prepared by hydrolysis of 
corresponding compounds of Formula A203. 

[0109] A compound of Formula A205 corresponds to the 
structure: 

[A205] 

ORZO 

wherein R20 is C1 to C4 alkyl, and -E-E-, R19, -A-A-, 
iBiBi and R3 are as de?ned in Formula 204. 

[0110] A compound of Formula A205A corresponds to 
Formula A205 Wherein R21, R22 and R23 are independently 
selected from among hydrogen, halogen, and loWer alkyl. 
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[0111] A compound of Formula A205B corresponds to 
Formula A205A Wherein -E-E- corresponds to Formula 
XLHI, XLIV, XLV or XLVII. 

[0112] Compounds of Formulae A205C, A205D and 
A205E respectively correspond to Formula A205, A205A 
and A205B Wherein each of -A-A- and iBiBi is 
4CH24CH2i, and R3 is hydrogen. Compounds Within the 
scope of Formula A205 may be prepared by reacting a 
corresponding compound of Formula A204 With an alkanol 
and acid. 

[0113] A compound of Formula A206 corresponds to the 
structure: 

[A206] 

on"... E 

ORZO 

Wherein R19, R20, -E-E-, -A-A-, iBiBi and R3 are as 
de?ned in Formula 205. 

[0114] A compound of Formula A206A corresponds to 
Formula A206 Wherein R21, R22 and R23 are independently 
selected from among hydrogen, halogen, and loWer alkyl. 

[0115] A compound of Formula A206B corresponds to 
Formula A206A Wherein -E-E- corresponds to Formula 
XLHI, XLIV, XLV or XLVII. 

[0116] Compounds of Formulae A206C, A206D and 
A206E respectively correspond to Formula A206, A206A, 
and A206B Wherein each of -A-A- and iBiBi is 
4CH24CH2i, and R3 is hydrogen. Compounds Within the 
scope of Formula A206 may be prepared by reacting a 
corresponding compound Within the scope of Formula A205 
With a trialkyl sulfonium halide. 

[0117] A compound of Formula A207 corresponds to the 
structure: 

[A207] 

002R25 

ORZO 
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wherein R25 is C1 to C4 alkyl, and -E-E-, R19, R20, -A-A-, 
iBiBi and R3 are as de?ned in Formula A205. 

[0118] A compound of Formula A207A corresponds to 
Formula A207 Wherein R21, R22 and R23 are independently 
selected from among hydrogen, halogen, and loWer alkyl. 

[0119] A compound of Formula A207B corresponds to 
Formula A207A Wherein -E-E- corresponds to Formula 
XLHI, XLIV, XLV or XLVH. 

[0120] Compounds of Formulae A207C, A207D and 
A207E respectively correspond to Formula A207, A207A 
and A207B Wherein each of -A-A- and iBiBi is 

iCH24CH2i, and R3 is hydrogen. Compounds of For 
mula A207 can be prepared by reaction of compounds of 
Formula A206 With a dialkyl malonate. 

[0121] A compound of Formula A208 corresponds to the 
structure: 

[A208] 

ORZO 

Wherein -E-E-, R80 and R90 are as de?ned in Formula XLII; 
-A-A-, iBiBi and R3 are as de?ned in Formula 104; and 

R19, R20, -A-A-, iBiBi, and R3 are as de?ned in 
Formula 205. 

[0122] A compound of Formula A208A corresponds to 
Formula A208 Wherein R21 and R22 are independently 
selected from among hydrogen, halogen, and loWer alkyl. 

[0123] A compound of Formula A208B corresponds to 
Formula A208A Wherein -E-E- corresponds to Formula 
XLHI, XLIV, XLV or XLVH. 

[0124] A compound of Formula A208C corresponds to 
Formula A208 wherein R80 and R90 together With the ring 
carbon to Which they are attached comprise keto or: 

Where X, Y1, Y2 and C(17) are as de?ned above. 

[0125] Compounds of Formulae 208D correspond to For 
mula 208C in Which the substituent XXXIV corresponds to 
the structure XXXIII 

Jan. 31, 2008 

[0126] Compounds of Formulae A208E, A208F, A208G, 
A208H and A208] respectively correspond to Formula 
A208, A208A, A208B, A208C and A208D Wherein each of 
-A-A- and iBiBi is 4CH24CH2i, and R3 is hydro 
gen. Compounds Within the scope of Formula A208 can be 
prepared by thermal decomposition of corresponding com 
pounds of Formula A207. 

[0127] A compound of Formula A209 corresponds to the 
structure: 

[A209] 

wherein R80 and R90 are as de?ned in Formula XLI, and 
-E-E- and -A-A-, iBiBi, and R1 are as de?ned in 
Formula 205. 

[0128] A compound of Formula A209A corresponds to 
Formula A209 Wherein R21 and R22 are independently 
selected from among hydrogen, halogen, and loWer alkyl. 

[0129] A compound of Formula A209B corresponds to 
Formula A209A Wherein -E-E- corresponds to Formula 
XLHI, XLIV, XLV or XLVH. 

[0130] A compound of Formula A209C corresponds to 
Formula A209B Wherein -E-E- corresponds to Formula 
XLIV. 

[0131] A compound of Formula A209D corresponds to 
Formula A208 wherein R80 and R90 together With the ring 
carbon to Which they are attached comprise keto or: 

Where X, Y1, Y2 and C(17) are as de?ned above. 

[0132] Compounds of Formulae 209E correspond to For 
mula A209D in Which the substituent XXXIV corresponds 
to the structure XXXIII 
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W111 

[0133] Compounds of Formulae A209F, A209G, A209H, 
A209], A209L, and A209M respectively correspond to 
Formula A209, A209A, A209B, A209C, A209D and A209E 
Wherein each of -A-A- and iBiBi is 4CH24CH2i, 
and R3 is hydrogen. Compounds Within the scope of For 
mula A209 may be prepared by hydrolysis of a correspond 
ing compound of Formula A208. 

[0134] A compound of Formula A210 corresponds to the 
structure: 

[A210] 

wherein R80 and R90 are as de?ned in Formula XL1, and the 
substituents -A-A-, iBiBi and R3 are as de?ned in 
Formula IV. 

[0135] A compound of Formula A210A corresponds to 
Formula A210 wherein R80 and R90 together With the ring 
carbon to Which they are attached comprise keto or: 

Wherein X, Y1, Y2 and C(17) are as de?ned above. 

[0136] Compounds of Formulae A210B correspond to 
Formula A210A in Which the substituent XXXIV corre 
sponds to the structure XXX111 

W111 

[0137] Compounds of Formula A210C correspond to For 
mula A210A in which R80 and R90 together form keto. 
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[0138] Compounds of Formulae A210D, A210E, A210F 
and A210G respectively correspond to Formula A210, 
A210A, A210B and A210C Wherein each of -A-A- and 
iBiBi is 4CH24CH2i and R1 is hydrogen. Com 
pounds Within the scope of Formula 210 can be prepared by 
epoxidation of a compound of Formula 209 in Which -E-E 
1s 

C=CH. 

[0139] A compound of Formula A211 corresponds to the 
Formula 

[A211] 

Where -A-A-, iBiBi and R3 are as described above. 

[0140] A compound of Formula A211A corresponds to 
Formula A211 wherein R80 and R90 together comprise keto 
or: 

Wherein X, Y1, Y2 and C(17) are as de?ned above. 

[0141] Compounds of Formulae A211B correspond to 
Formula A211A in Which the substituent XXXIV corre 
sponds to the structure XXX111 

W111 

[0142] Compounds of Formula A211C correspond to For 
mula A210A in which R80 and R90 together form keto. 

[0143] Compounds of Formulae A211D, A211E, A211F, 
and A21 1G, respectively correspond to Formula A211, 
A211A, A211B and A211C Wherein each of -A-A- and 
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iBiBi is iCHZiCHZi, and R3 is hydrogen. Com 
pounds Within the scope of Formula A211 can be prepared 
by oxidation of a corresponding compound of Formula 
A210, or in the course of epoxidation of the corresponding 
compound of Formula A209 Where -E-E- is 

C=CH. 

Compounds of Formula A211 may be converted to com 
pounds of Formula I in the manner described hereinbeloW. 

[0144] A compound of Formula L corresponds to the 
structure: 

wherein R11 is C 1 to C4 alkyl, and -A-A-, iBiBi, R1, R2, 
R3, R8 and R9 are as de?ned above. 

[0145] Compounds of Formula LA correspond to Formula 
L Wherein R8 and R9 together With the carbon atom to Which 
they are attached comprises 

XXXIV 
1 Y2 

Y 

Wherein X, Y1 and Y2 are as de?ned above. 

[0146] Compounds of Formula LB correspond to Formula 
L Wherein R8 and R9 correspond to Formula XXXIII 

[0147] Compounds of Formulae LC, LD, LE correspond 
to Formulae L, LA and LB, respectively, Where -A-A- and 
iBiBi are each 4CH24CH2i and R3 is hydrogen. 

[0148] Based on the disclosure of speci?c reaction 
schemes as set out hereinbeloW, it Will be apparent Which of 
these compounds have the greatest utility relative to a 
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particular reaction scheme. The compounds of this invention 
are useful as intermediates for epoxymexrenone and other 
steroids. 

[0149] Other objects and features Will be in part apparent 
and in part pointed out hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0150] FIG. 1 is a schematic ?oW sheet of a process for the 
bioconversion of canrenone or a canrenone derivative to the 

corresponding llot-hydroxy compound; 

[0151] FIG. 2 is a schematic ?oW sheet of a preferred 
process for the bioconversion/1l-ot-hydroxylation of can 
renone and canrenone derivatives; 

[0152] FIG. 3 is a schematic ?oW sheet of a particularly 
preferred process for the bioconversion/1l-ot-hydroxylation 
of canrenone and canrenone derivatives; 

[0153] FIG. 4 shoWs the particle siZe distribution for 
canrenone as prepared in accordance With the process of 
FIG. 2; and 

[0154] FIG. 5 shoWs the particle siZe distribution for 
canrenone as steriliZed in the transformation fermenter in 
accordance With the process of FIG. 3. 

[0155] Corresponding reference characters indicate corre 
sponding parts throughout the draWings. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0156] In accordance With the present invention, various 
novel process schemes have been devised for the preparation 
of epoxymexrenone and other compounds corresponding 
Formula I: 

Wherein: 

[0157] -A-A- represents the group 4CHR44CHR5i 
or iCR4=CR5i; 

[0158] is R3, R4 and R5 are independently selected from 
the group consisting of hydrogen, halo, hydroxy, loWer 
alkyl, loWer alkoxy, hydroxyalkyl, alkoxyalkyl, 
hydroxycarbonyl, cyano and aryloxy; 

[0159] R1 represents an alpha-oriented loWer alkoxy 
carbonyl or hydroxyalkyl radical; and 

i i i re resents t e rou i 0160 B B p h g p %HR6 
CHR7i or an alpha- or beta-oriented group: 












































































































































































































































































