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Abstract : 11-Oxo-lithocholic acld acetate 5 is easily converted into the 23-sulphinyl
derivative 6 by treatment with thionyl chloride and pyridine followed by addition of
methanol, The sulphine group can be cleaved to the 23-ketone 9 in high yield
using a variety of oxidising agents such as ozone, sodium hypochiorite, hydrogen
peroxide or dinitrogen tetroxide or alternatively by exposure to acetic
anhydride-sulphuric acid. With dinitrogen tetroxide, the reaction can be stopped at
the oxime 10 stage. Finally serial oxidation in the presence of an organic base and
catalytic amounts of copper (II) salts degraded efficiently the keto-ester 9 into the
20-ketone 19. By operating under mild conditions, the intermediate 22-aldehyde 18
can be isolated in good yield.

Cholic and desoxycholic acids 1 and 2 from ox bile are major raw materials for the
commercial production of corticosteroids. They are readily available in large gquantities,
and the 12-hydroxy group can be used as a handle to introduce the correct functionality
in the C-ring of cortisone and its important dez-'ivatives.1 The transformation process is
perhaps one of the most complex of the pharmaceutical industry in that some of the more
elaborate derivatives require up to forty synthetic steps, each palnstakingly developed
and optimised.

A key operation in the synthetic sequence concerns the removal of the three extra
carbons of the bile acid side-chain in order to arrive at the pregnane skeleton as shown
in Scheme 1. The early Barl:oier-—Wielaud2 procedure which cuts away one carbon at a
time by an alternation of Grignard additions followed by oxidation steps was soon
superseded by the vastly more efficient degradation method of Meystre and Miescher3
(path A) on which the actual industrial process is based. A number of alternative
procedures have since been described in the literature,4 most being inferior variants of
the original sequence. Worthy of note however is a concise and elegant approach using
a Norrish type Il fragmentation of the imidazolide der'lvative4i (path B). Unfortunately
the photochemical step is not easily amenable to scale up.
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Scheme 1

The main drawback of the Meystre-Miescher degradation is the use of relatively
expensive (PhMgCl and NBS) or environmentally objectionable (Cr03) reagents, In the
hope of palliating these shortcomings, we produced a first solution to this problem based
on the versatile chemistry of 4..")—dihydro-oxazolines5 (path C). The overall vield is
excellent (90%) and the benzeneseleninic acid employed is easily recycled; however, the
cost of selenfum compelled us to look for a cheaper alternative, We therefore developed
an entirely different scheme which seems to comply with the wusual industrial
requirements of efficiency, cheapness and environmental safety. This work, which was
reported as a short communication.s is now described in detail.

Our second approach to the degradation of the bile acid side chain has its origin in
a somewhat unusual reaction of thionyl chloride. This reagent is well known for its
ability to convert acids into acid chlorldes.7 If the starting acid contains enolisable
hydrogens and in the presence of pyridine, the reaction goes further than the acid
chioride leading to sulphines, chlorosulphenyl chlorides and to compounds derived
therefrom. A similar pattern of reactivity is sometimes observed with other easily
enolisable carbonyl derivatives.7 This reaction is generally quite complex with simple
substrates and has more or less been neglected as a potentially useful synthetic method.



Reactions of sulphines and a-ketoesters 3743

Researchers at Roussel—Uclnf8 however noted that in the case of 11-oxo-lithocholic acid
formate 3, treatment with thionyl chloride and pyridine resulted, after hydrolysis, in the
clean formation of sulphine 4. It appeared to us that if such s sulphine could be easily
converted into a keto-ester (e.g. 9), the degradation problem would be much simplified.

Starting with the corresponding acetate 5, we repeated the thionyl chloride reaction
but used a methanolic quench instead of aqueous hydrolysis. The reaction is performed
in dichloromethane using 2-3 eq. of thionyl chloride and excess pyridine. Addition of
methanol furnished directly the sulphine methyl ester 6 in good yleld (78%) along with a
small amount of sulphinate 7 (ca. 10%) isolated as a mixture of isomers. Sulphine 6 in
contrast was a nice crystalline solid that appeared from its spectroscopic data to consist
of only one geometrical isomer; however, no attempt was made to determine its stereo-
chemistry as this was of no consequence to the subsequent steps. Sulphinate 7 could
arise from the further but relatively slow reaction of 6 with methanol. Indeed heating
the sulphine with methanol and pyridine gave the sulphinate in pood vield. After some
experimentation we found that neutralising the excess pyridine with anhydrous camphor-
sulphonic acid prior to the addition of methanol supressed the formation of the
undesirable sulphinate and raised the yield of sulphine § to 86%.

We next examined the conversion of the sulphine group into =a ketone.9 Photo-
desulphurisation,ga acid hydrolysisgb and a number of oxidising agents such as
peracids,9b singlet oxyg'en9c or ozone9d were known to effect this transformation on
simpler substrates. In our case, acid hydrolysis simply removed the sulphine group to
give ester 8 in excellent yleld (97%). Unlike isolated sulphine groups, the presence of
the ester function modifies the course of the reaction leading to oversall desulphinylation
as shown by the putative mechanism displayed in Scheme 2. In contrast, no reaction
was observed with common peracids or with hydrogen peroxide under neutral or acidic
conditions in a biphasic medium. In a homogeneous tetrahydrofuran solution cleavage of
the sulphine group by hydrogen peroxide did take place and afforded keto-ester 9 in 48%
vield. The moderate yield is presumably due to further degradation of the keto-ester by
the oxidant. Retter ylelds of 9 could be secured by using an alkaline biphasic medium
(dichloromethane/5% aq. K2003130% HZOZ; 75% vield) or by employing sodilum molybdate
and hydrogen peroxide in methanol at 0°C as the oxidising system (85% yleld). Other
oxidants were tried with mixed sucess, Thus sodium hypochlorite and potassium
permanganate gave good yields of ketone (80 and 84% respectively) whereas the yield
with sodium chlorite or chromium trioxide was rather poor (47 and 21%).
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In contrast, ozone turned out to be an excellent reagent for effecting the oxidative
cleavage of the sulphine group. The ozonolysis could be performed at 0°C and,
following the usual reductive work up, produced keto-ester 9 in 95% vield. Another
reagent which gave interesting and usuful reactions is nitrogen tetroxide. Used in
excess in carbon tetrachloride, this oxidant smoothly converted the sulphine into a keto
group in very high yield (96%). Oxime 10 seems to be an intermediate in this reaction
since it could be isolated in 78% yleld by exposing the sulphine to only a slight excess of
nitrogen tetroxide at the lower temperature of 0°C. These novel transformations may
proceed through the mechansim shown in Scheme 3. Thus, nitrosation of the sulphine
group leads to an intermediate 11 which can undergo hydrolysis to give the oxime, nitric
acid and sulphur dioxide; the latter may be further oxidised to sulfur trioxide under the
reaction conditions. Finally, the well known cleavage of oxlmes10
furnished the desired keto-ester 9.

through nitrosation
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Other interesting and appsrently unprecedented reactions were observed with
nitrogen tetroxide and the related nitrosyl chloride. Thus, treatment of the a-sulphinyl
acid chloride 12, which is the product of the above thionyl chloride reaction before
aqueous or methanolic quench, with excess Nzo 4 Bave a mixture of the 24-nor acid 13
(55%) and its corresponding nitrile 14 (42%). The formation of the latter is probably the
result of an abnormal Beckman rearrangement. With nitrosyl chloride, the nitrile
becomes essentially the exclusive product, isolated in 86% yleld. A similar pattern of
reactivity obtains (see Table) when starting with the simple acid chloride 15 itself and in
the presence of pyridine. In this case, the same intermediates are formed by the
electrophilic addition of the nitrosating agent onto the ketene produced by the action of
pyridine on the acid chloride. Incidentally, these reactions constitute a simple method
for converting a carboxylic acid into the corresponding nor-acid or nitrile.

From an industrial standpoint, perhaps the best reagent for cleaving the sulphine
group turned out to be acetic anhydride and a small amount of a strong mineral acid.
The mechanistic rational behind the use of this system is outlined in Scheme 4. Strong

1 In

acids are known to enhance considerably the acetylating power of acetic anhydride.
this case, acetylation of the sulphine would lead to intermediate 16 which can undergo a
fragmentation reaction to produce the desired ketone 9, sulphur and give back a
molecule of acetic anhydride. After some experimentation, we found that acetic
anhydride-sulphuric acid in dichloromethane to be quite efficient allowing the obtention

of keto-ester 9 in 90% yleld after a reaction time of 15 minutes at room temperature.
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Table
Entry Starting Reagent ‘Solvent Reaction Products
Material (eq.) Temp. (time) (Yield %)

1 (] N,0, ccl, 0°C (30 min,) 10 (78)
(1.5)

2 [] Nzo4 CCl4 20°C (18 h) 9 (96)
(excess)

3 12 N204 CCl4 20°C (18 h) 13 (55); 14 (42)
(10)

4 12 NocCl1 CHZCIZ 0°C (1.5 h) 14 (86)
(10)

5 15 N204/pyr Cl‘izcl2 0°C (1.5 h) 13 (57); 14 (43)
(8/10)

6 15 NOCl/pyr CHzCl2 20°C (1.7 h) 13 (33); 14 (51)
(8/10)

Although, according to the proposed mechanism, the role of the acetic anhydride
should be catalytic, no attempt was made to exploit this in practice. The presence of the
sulphuric acid is necessary; acetic anhydride on its own does not induce the reaction even
at high temperature.
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Scheme 4

Having established several good procedures for the obtention of the key intermediate 9
from sulphine 6, we turned next to the actual degradation process. Some twenty years ago,
Van Rheenen12 reported that the double bond in enamines is easily cleaved by triplet oxygen
in the presence of copper salts to give an amide and a carbonyl derivative. In particular,
enamines derived from 22-aldehydes yield 20-ketosteroids. It appeared to us therefore that if
an enamine of the keto-ester 9 such as 17 was subjected to a similar treatment it should pro-
duce the corresponding 22-aldehyde 18 which in turn would lead to the desired 20-ketone 19
as outlined in Scheme 5.
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In the event, stirring a solution of 9 in chloroform containing morpholine and cupric
chloride under air indeed gave a high yield (85%) of aldehyde 18, However, the degrada-
tion did not proceed further even after a prolonged reaction time. This observation casts
doubt on the actual intermediacy of the morpholine enamine 17 in this process. The
morpholine seems to be acting simply as base since replacing it with N-methyl morpholine
or triethylamine did not alter the course of the reaction. The fact that the degradation
could be cleanly stopped at the 22-aldehyde stage is extremely useful in view of the

Scheme 5

importance of such aldehydes for the construction of unusual side-chains present in many
naturally occuring steroids.13

Clearly, the keto-ester is much more susceptible to reaction with oxygen in the
presence of base and copper salts than the ensuing aldehyde, and more vigorous
conditions which normally cleave the latter should be sufficient to effect the complete
degradation of the side chain all the way to the 20--ketosteroid. Such conditions have
again been described by Van Rheenen14
Brackman15 and co-workers. Indeed, stirring under air or oxygen, a warm (40°C) solu-
tion of keto-ester 9, 1,4-diazabicyclo[2,2,2]Joctane (DABCO), and a catalytic quantity of
cupric acetate-2,2'-bipyridine complex in dimethylformamide for several hours gave the
desired ketone 19 in excellent yleld (92%). ‘The intermediate aldehyde 18 is rapidly formed
and then slowly converted into 20-ketone 19, as monitored by thin layer chromatography or
by actual isolation. The degradation is thus achieved in three unoptimised steps from the

starting acid 5 in an overall yleld of 75-80% using cheap, readily accessible reagents.

following some earlier observations made by

Furthermore, the sequence can be geared into producing 22-aldehydes, useful as starting
materials for the partial synthesis of other more complex steroids.
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A number of plausible mechanisms, patterned after those proposed for the degradation
of a-hydroperoxy ketones,16 may be postulated for the reaction of the keto-ester 9 with
oxygen in the presence of base and copper (II) salts. For example, as shown in Scheme
6, path A, the hydroperoxy radical obtained by oxidation of the enolate and reaction with
triplet oxygen can cyclise to a dioxetane intermediate which can then collapse to the
aldehyde and an oxalate radical; decarboxylation followed by either hydrogen abstraction
from the solvent or oxidation by copper II would finally give methyl formate or methanol.
Overall, one or two molecules of carbon dioxide should be generated depending on the fate
of the putative methoxycarbonyl radical.

Scheme 6
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The ionic version arises (path B) if the hydroperoxy radical is first reduced by copper
(I) to the hydroperoxide anion before cvclisation. In this case, besides the aldehyde, one
molecule of hemioxalate is also produced.

In order to trace the fate of the ketone and ester groups, the small methyl ester was
replaced by the heavier cholestanyl derivative 20. Following the usual oxidative degrada-
tion, cholestanol 21 was isolated in quantitative yleld. Moreover, cholestany! formate 22
and hemioxalate 23 were prepared and found to be totally unaffected by the reaction condi-
tions. These observations are neither compatible with pathway B which predicts the forma-
tion of a hemioxalate nor with a hydrogen abstraction leading to formate. To check for
the presence of an alkoxy carbonyl intermediate, we next prepared ester 24 derived from
4,4-diphenyl-3-butenol 25 and degraded it as before. Again, only alcohol 25 was re-
covered; no cyclised products such as 26 expected from the addition of the alkoxy car-
bonyl rﬁucal” to the olefinic bond followed bv oxidation of the intermediate carbon radical
by CuI were observed. These results seem to rule out paths A and B of Scheme 6.

A final proof against either of these mechanistic routes was obtained by quantitatively
analysing the amount of carbon dioxide and monoxide, if any, generated in the process.
The latter was first oxidised to the dioxide by passing it over hot iodine pentoxide before
converting it into the insoluble barium carbonate.19 In the event, degradation of keto-
ester 9 to ketone 19 produced one mole of CO, and two moles of CO. Earlier work by Van

14 demonstrated the formation of one mole of carbon monoxide on cleavage of 22-

Rheenen
aldehydes under these conditions. The conversion of 9 into 18 must therefore involve the
formation of one mole each of CO and CO, thus ruling out completely both pathways in
Scheme 5 since neither invokes the co-production of carbon monoxide.

One possible mechanism that is in accord with all our experimental observations is
expressed in Scheme 7. Cyclisation of the hydroperoxide group takes place on the ester
carbonyl to give intermediate 27 which can either fragment directly to the aldehyde,
alcohol and one mole each of carbon dioxide and monoxide or, alternatively, proceed to the
a~keto-y-perlactone before finally collapsing. Such g-ketoperlactones have been implicated
by Kagan and Mayers20 in the thermal autoxidation of ethyl 3-phenyl-2-oxobutanoate who

proposed a similar mode of fragmentation.
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Experimental

Melting points are uncorrected. Unless otherwise stated, NMR data (60 MHz) are for
deuterochloroform solutions with tetramethylsilane as internal standard. I.R. spectra are
of dichloromethane solutions unless stated to the contrary. Specific rotations were
measured using chloroform solutions (C=1). Usual workup consisted in washing the organic
phase with water until neutrality then with saturated brine followed by drying over sodium
sulphate and evaporation under reduced pressure. 3 ~Hydroxy-ll-oxo~-cholanic acid was
generously supplied by Roussel-~Uclaf,

Methyl 3,~-acetoxy-1l-oxo-23-sulphinyl cholanate 6

Freshly distilled thionyl chloride (0.074 ml, 1.02 mmole) was added dropwise to a
solution of 3,-acetoxy-ll-oxo-cholanic acid 5 (200 mg, 0.463 mmole) and pyridine (0.37 ml,
4.63 mmoles) in dry dichloromethane (2 ml) cooled to 10-12°C. The resulting solution was
then stirred at room temperature for 30 min., cooled to 0°C and treated with excess
methanol (1 ml). After stirring for 10 min., the mixture was poured into dilute HC1l (0.5N)
and extracted with dichloromethane. Following the usual workup, the residue was purified
by chromatography on silica using ethylacetate-hexane (1:4) to give sulphine 6 (164 mg,
72%2); m.p. 190-191°C (ethyl acetate-he ane); o}, + 8°; (methanol): 288 nm (log :
3.07); : 1730, 1700, 1100, 1020 cm HE 4,70 (1H, broad), 3.86 (3H, s), 2.04 (3H, s),
1.07 (3;1)‘?8%), 0.63 (3H, 8); m/z: 492 (M ). (Found: C, 66.04; H, 8.29; S, 6.31; Calc. for
0271-14 0682 C, 65.82; H, 8.18; S, 6.51%).

small amount of methyl sulphinate 7 (44 mg, 18%) was also 1solated. This compound
was recrystallised from methanol; m.p. 115-117°C; Calp +73% v : 1720, 1700, 1120 em
(200 MHz): 4.75 (1H, broad), 3.82 and 3.78 (6H, 2s), 2.03 () &), 1.15 (38, &), 0.62
?g'ﬂ, 8); m/z: 524 (M), 493, 464, (Found: C, 64.26; H, 8.75; S, 5.84; Cale. for C SH 407S:
C, 64,09; H, 8.45; S, 6.11%), This compound could also be obtained by heating sufphfne 6
(200 mg) in dry methanol (5 ml) containing a little pyridine (0.3 ml) for 3 hours under
argon., Acidification with dilute HCl and extraction with dichloromethane followed by the
usual workup gave methylsulphinate 7 (136 mg, 64Z).

Improved Procedure for Preparing Sulphine 6

To a solution of acid 5 (1.12 g) in dichloromethane (11 ml) and pyridine (2.1 ml)
cooled to 10-12°C was added dropwise freshly distilled thionyl chloride (0.42 ml). After
stirring at room temperature for 0.5 hours, the solution was cooled to 0°C, treated portion-
wise with anhydrous camphorsulphonic acid (3.62 g), then allowed to warm to room tempera~-
ture before addition of anhydrous methanol (4 ml). Concentration of the mixture under
vacuum and chromatography of the residue gave pure sulphine 6 (1.1 g, 86%).

Methyl 3 -Acetoxy-1l-oxo-cholanate 8

A solution of sulphine 6 (200 mg) in 90% alcohol (15 ml) containing HC1 (0.6 g) was
kept at room temperature for 8 hours., After partial concentration, the residue was ex-
tracted with dichloromethane f,ﬁllowed by the usual workup to give the known ester 8 (176
mg, 97%); m.p. 129-130°C (1it. 132-134°C).

Methyl 3. -acetoxy-11,23-dioxocholanate 9

A) Via ozonolysis. Excess ozone was passed through an ice-cold solution of sulphine 6
(250 mg) in dichloromethane (4 ml) and methanol (1 ml)., Dimethyl sulphide (0.1 ml) was
added and the solvents evaporated under reduced pressure. Chromatography of the residue
(ethyl acetate-hexane 1:1) gave_ihe pure keto-ester 9 (222 mg, 95%); m.p. 117-118°C; [q] +
72°; + 1720, 1700, 1690 cm "3 oy 4,67 (1H, broad), 3.81 (3H, s), 1.98 (3H, s8), l.15

(3Hs, “max 8),
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0.64 (3H, 8); m/z: 460 (M+). 400, 385, 373, (Found: C, 70.69; H, 8.85; Calc. for 027H4006:
C, 70.40; H, 8.85%).

B) Via oxidation with hydrogen peroxide/K CO_. A solution of sulphine 6 (113 mg) in
dichloromethane (5 ml) was treated successively with 307 H_ O, (1 ml) and 5% aqueous K,CO
(1 ml)., The resulting mixture was stirred at room temperature for 24 hours and subjectea
to the usual workup procedure. Purification of the residue as above afforded keto-ester 9
(79 mg, 75%).

C) Via oxidation with hydrogen peroxide/sodium molybdate. To an ice-cold solution of
sulphine 6 (203 mg) in methanol (2 ml) and dichloromethane (0.5 ml) was added sodium molyb-
date (106 mg), 30% H_O, (0.8 ml) and water (1.6 ml). The resulting mixture was stirred at
0°C for 36 hours, di%u%ed with water and extracted with dichloromethane. Usual workup and
purification gave keto-ester 9 (160 mg, 857).

D) Via oxidation with sodium hypochlorite. A mixture of sulphine 6 (100 mg) in
dichloromethane (2 ml) and 4N sodium hypochlorite (0.2 ml) was stirred at room temperature
for 2.5 hours then cooled in ice and treated with excess sodium metabisulphite. Dilution
with water (10 ml) followed by the usual workup and chromatography furnished keto-ester 9
(75 mg, 807).

E) Via oxidation with potassium permanganate. A mixture of sulphine 6 (246 mg) in
dichloromethane (5 ml) and potassium permanganate (160 mg) in water (5 ml) was stirred at
room temperature for 3 hours then diluted with water and extracted with dichloromethane,
Normal workup and chromatography gave keto-ester 9 (193 mg, 842).

F) Via oxidation with dinitrogen tetroxide. Nitrogen tetroxide gas was passed through
a solution of sulphine 6 (70 mg) in carbon tetrachloride (3 ml) for 1 min. The dark green
solution was kept for 16 hours at room temperature then poured into an aqueous urea solu-
tion and extracted with dichloromethane. Normal workup and chromatography gave keto-ester
9 (63 mg, 967).

G) Via treatment with acetic anhydride-sulphuric acid. Acetic anhydride (1.15 ml) and
952 sulphuric acid (0.035 ml) were dissolved in dichloromethane (8.8 ml) and the sulphine
(300 mg) was treated with 1 ml of this solution., After stirring for 15 min. at room
temperature, the mixture was diluted with dichloromethane (10 ml) and 5% aqueous potassium
carbonate (5%Z). Further stirring overnight followed by the usual workup and chromatography
afforded keto-ester 9 (253 mg, 90%).

Methyl 3a-acetoxy-11-oxo-23-oximinocholanate 10

A solution of nitrogen tetroxide (350 mg) in carbon tetrachloride (22 ml) was prepared
and cooled to 0°C. A measured volume (1.2 ml) of this solution was then added dropwise to
an ice-cold solution of sulphine 6 (68 mg) in carbon tetrachloride (3 ml). After 30 min.
at 0°C, the mixture was poured into an aqueous urea solution and extracted with dichloro-
methane. Normal workup and chromatography on silica of the residue using a mixture of
ethyl acetate-hexane (1:1) gave oxime 10 (55 mg, 78%); m.p. 240-245°C (ethyl
acetate~dichloromethane); [al + 5° v : 1720, 1695 cm ; & : 8.75 (lH, broai), 4,65
(1H, broad), 3.80 (3H, s), 2.00 (3H, g?f 1.4 (3H, 8), 0.62 (3&{ 8); m/z: 475 (M), 457,
415.

3a-Acetoxy-11-0x0-23 nor-cholanenitrile 14

To a solution of 3o~acetoxy-ll-oxo~cholanic acid (270 mg) and pyridine (0.5 ml) in
dichloromethane (2.5 ml) cooled to 10°C was added slowly thionyl chloride (0.1 ml). The
mixture was allowed to warm to ca. 20°C and kept at this temperature for 30 min, The
resulting mixture was then cooled to 0°C and treated dropwise with a solution of nitrosyl
chloride (0.4 g) in dichloromethane (2.5 ml)., After stirring at 0°C for 1.5 hours, the
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golvents were evaporated in vacuo and the residue purified by chromatography on silica
using ethyl acetate-hexane (1:1) to give nitrile 14 (214 mg, 867); m.p. 196~198°C
(methanol); [al + 73°; v (nujol): 2040, 5]30, 1710 em ; &.: 4.7 (1H, broad), 2.02 (3H,
s), 1.17 (31, g%, 0.63 (!ﬁf 8); m/z: 399 (M), 339, (Found: C, 74.95; B, 9,17; N, 3.59;
Cale, for CZSH37NO3: C, 75.15; B, 9.33; N, 3.512).

3a~Acetoxy~-11-oxo-5p~pregnane—20-carbaldehyde 18

A mixture of keto-ester 9 (211 mg), cuprous chloride (30 mg) and morpholine (0.16 ml)
in chloroform (5 ml) was stirred under air for 15 hours. Evaporation and chromatography of
the residue on silica using ethyl acetate:hexane (1:1) gave the known aldehyde 18 as a
white folid (151 mg, 85%) which was recrystallised from dichloromethane; m.p. 197~200°C
(lit.2 194°C).

3a-Acetoxy-58-pregnane-11,20-dione 19

A mixture of keto-ester 9 (72 mg), DABCO (8.5 mg), cupric acetate (3 mg) and 2,2'-
dipyridyl (3 mg) in dimethylformamide (5 ml) was stirred for 12 hours at 40°C under air.
The solvent was removed in vacuo and the residue purified by chromatography on silica using
ethyl acetatishexane (1:1) to give ketone 19 (54 mg, 92%); m.p. 130°C (ether-pentane); [a]n
+ 125° (1it. m.p. 129-130°C; [a]D = 130%2°),

(38-Cholestanyl) 3a-acetoxy-11,23-dioxocholanate 20

A solution of 3a-acetoxy-ll-oxocholanic acid 5 (600 mg) and pyridine (1.1 ml) im
dichloromethane (6 ml) was treated with thionyl chloride (0.22 ml) as above., The solution
was then cooled to 0°C, treated portionwise with anhydrous camphorsulphonic acid (1.9 g)
and allowed to warm to room temperature. Cholestanol (1.1 g) was added and, after 20 min.
at room temperature, the mixture was heated to reflux for 2.5 hours, cooled, poured into
{ce-water (50 ml), and extracted with dichloromethane. After the usual workup, the residue
was dissolved in dichloromethane (10 ml) and ozone was passed through the cooled (~78°C)
solution for a few minutes. The resulting ozonides were reduced with dimethyl sulphide
(0.3 ml) and the solvent evaporated under reduced presgsure, Purification of the residue by
chromatography on silica afforded the pure keto-ester 20 (636 mg, 56%) as a white cryatal-
line golid; m.p.: 196-198°C (ethanol); [al_ + 43°; v (nujol): 1745, 1725, 1705 em "3 6@
4,7 (2H, broad), 2.0 (3H, s8), 1.2 (6H, J}, 0.68 (gﬂf s); m/z: 816 (M), 802, 773, 752.
(Found: C, 77.52; H, 10.41; Calc, for CS3H8406: C, 77.89; H, 10.362).

Oxidative Degradation of keto-ester 20

A solution of keto-ester 20 (335 mg), DABCO (23 mg), and a mixture of cupric acetate
and 2,2'-dipyridyl (1:1 W/W; 15 mg) in dimethyl formamide (5 ml) was stirred for 3 days at
40°C under air. Evaporation of the solvent and purification of the residue by chromato-
graphy on silica using ethyl acetate-hexane (1:1) gave ketone 19 (109 mg, 72%) and
cholestanol 21 (160 mg, 100%) identical with authentic material.

(4,4-Diphenyl-3-butenyl-) 3a-acetoxy-11,23~dioxocholanate 24

A solution of 3a-acetoxy-ll-oxocholanic acid 5 (2.4 g) and pyridine (4.5 ml) in
dichloromethane (25 ml) as treated with thionyl chloride (0.9 ml) as before.
1,1-Diphenyl~1,4-butanediol (3.36 g) was added and the resulting mixture heated to reflux
for ome hour. After cooling, it was poured into excess dilute (0.5N) HCl and extracted
with dichloromethane. Normal workup afforded the crude intermediate sulphine which was
dissolved in a solution of acetic anhydride and sulphuric acid in dichloromethane (8.3 ml
of the same mixture used for cleaving sulphine 9 above). Stirring was continued at room
temperature for 45 min. Workup gave a residue which was taken up in dichloromethane (15
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ml) and treated with 5% aqueous potassium carbonate (15 ml) and 30X hydrogen peroxide (15
ml). The resulting mixture was vigorously stirred at room temperature for 2-5 hours, the
organic phase separated, dried over sodium sulphate and concentrated in vacuo. Chromato-
graphy of the residue on silica using ethyl acetate-hexane (1:1) gave keto-ester 24 (1.31
g, 362); m.p. 79°C (dichloromethane-pentane); [u]D +28° (c = 1,8); v __: 1730, 1700 cm
8, 7.95 (108, bs), 5.9 (IR, t, J=3 Hz), 4.6 (IH, broad), 1.15 (3, 8J; 0.63 (3H, 8); m/z:
6§2 M), 592, 517, (Found: C, 77.27; H, 8,03; Calc. for C42H5206: C, 77.34; H, 7.897).

Oxidative degradation of keto-ester 24

A solution of keto-ester 24 (200 mg), DABCO (17 mg), cupric acetate (6 mg), and 2,2'-
dipyridyl (6 mg) in dimethylformamide was stirred at 40°C under an atmosphere of oxygen for
3 days. Evaporation of the solvent under reduced pressure and chromatography of the resi-
due .on silica using ethyl acetaff-hexane (1:4) gave 20-keto steroid 19 (86 mg, 74%) and a
liquid identified as the known é,4-dipheny1—3-buten-l-ol 25 (53 mg, 76%); v (neat) :
3350, 1600, 1500 cm ; m/z: 224 (M ), 193; GH: 7.12 (104, bs), 6.0 (1H, ¢, J-3.gaﬁz), 3.66
(2H, t, J=3 Hz), 2.36 (2H, q, J=3.5 Hz).

Acknowledgements : We would like to thank Roussel-Uclaf for generously supporting this

work, We also thank Prof. Waldemar Adam (Wurzburg) for helpful correspondence.

-

References

1. Fieser, L.F.; Fieser, M. "Steroids", Reinhold, New York, 1959 and references therein;
Nominé, G. Bull. Soe. Chim, Pr. I1I, 1980, 18; Hazen, G.G. J. Chem. Educ., 1980, 57, 291.

2. Wieland, H.; Schlichting, O.; Jacobi, R. 2. Physiol. Chem., 1926, 161, 80; Barbier, P.;
Locquin, R, C.R. Acad. Sei., 1913, 156, 1443,

3. Meystre, C.; Frey, H. Wettstein, A.; Miescher, K. Helv. Chim. Acta., 1944, 27, 1815;
Meystre, C.; Wettstein, A. idem., 1947, 30, 1256.

4, a) Ercoli, A.; de Ruggieri, P. Il Farmaco., 1951, 8, 547; b) Hollander, V.P,;
Gallagher, T.F. J. Biol. Chem., 1946, 162, 549; c) Sarel, S.; Yanuka, Y. J. Org. Chem.,
1959, 24, 2018; d) Habermehl, G.; Volkwein, G. Liebigs Ann. Chem., 1970, 742, 145;

e) Yanuka, Y. Katz, R.; Sarel, S. Tetrahedron Lett., 1968, 851; f) Fetizon, M.; Kakis,
F.J.; Ignatiadou-Ragoussis, V, Tetrahedron, 1974, 30, 398l; g) Mickova, R. (Coll. Czech.
Chem. Comm., 1984, 49, 1617; Do-Trong, M.; Kreiser, W.; Strube, E, J, Steroid Biochem.,
1983, 19(1¢), 783; Concepcion, J.I.; Francisco, C.G.; Freire, R.; Hernandez, R.;
Salazar, J.A.; Suarez, E. J. Org, Chem., 1986, 51, 402; Beloeil, J.-C.; Esnault,
C.; Fetizon, M,; Henri, R. Steroids, 1980, 35, 281; h) Scala, A.A.; Colangelo, J.P.;
Hussey, G.E.; Stolle, U.T. J. Amer. Chem. Soc., 1974, 96, 4069; Fetizon, M.; Kakis,
F.J.; Ignatiadou-Ragoussis, V.

J. Org. Chem., 1973, 38, 4308; Pellicciari, R.; Natalini, B.; Cecchetti, S.; Santucci,
8. Tetrahedron Lett., 1984, 25, 3103; 1) Iwasaki, S. Helv. Chim. Aeta., 1976, 59, 2753;
Hilgers, G.; Scharf, H.D. Tetrghedron Lett., 1984, 25, 1765; Biesemans, M.; Van de Woude,
G.; Van Hove, L, Bull. Soe. Chim. Belg., 1986, 95, 523; Wolff, G.; Ourisson, G.;
Tetrahedron Lett., 1981, 22, 1441.

5. Barton, D.H,R.; Motherwell, W,B.; Wozniak, J.; Zard, S.Z. J. Chem., Soe., Perkin Trane I,
1985, 1865.

6. Barton, D.H.R.; Wozniak, J.; Zard, S.2. J. Chem. Soe., Chem. Comm., 1987, 1383.

7. For a recent review, see: Oka, K. Synthesie, 1981, 661.

8. The research group of Roussel-Uclaf have made sulphines 4 and 6, and converted them to
keto~ester 9 by a different method than those discribed in this paper. All of thesge
intermediates were degraded to 20-keto steroids using various other procedures. We thank
Dr. J. Buendia for helpful discussionms.



3754

10.

11.

12,
13.

14,
15.

16.

17,

18.

19.

20,
21.

22,
23,

24,

D. H. R. BARTON et al.

a) Zwanenburg, B. Recl.: J.R. Neth. Chem. Soc., 1982, 101, 1, and references there cited;
b) Zwanenburg, B.; Thijs, L.; Strating, J. Reel. Traqv. Chim. Paye Bas, 1967, 86, 577,
641; c¢) Zwanenburg, B. Wagenaar, A.; Strating, J. Tetrahedron Lett., 1970, 11, 4683;

d) Zwanenburg, B.; Janssen, W.A.J. Synthesis, 1973, 617; Lenz, B.G.; Regeling, H.; Van
Rozendaal, M.; Zwanenburg, B. J. Org. Chem., 1985, 50, 2930; Lenz, B.G., Regeling, H.;
Zwanenburg, B. Tetrahedron Lett., 1984, 25, 5947; Lenz, B.G,, Curtis Haltiwanger, R.;
Zwanenburg B. J. Chem. Soe., Chem. Corm., 1984, 502; St1ll, I.W.J.; Ablenas, F. J. Chem.
Soe., Chem. Comm., 1985, 524; St.C, Black, D.; Fallon, G.D.; Gatehouse, B.M.; Wishart,
J.D. Aust. J. Chem., 1984, 37, 777.

Claisen, L.; Manasse, O. Chem. Ber., 1889, 22, 526, 530; Wieland, T.; Grimm, D. Chem.
Ber., 1963, 96, 275,

See for example: Wagner R.B.; Zook, H.D. "Synthetic Organic Chemistry”, J. Wiley and
Sons, New York, 1963, p. 482,

Van Rheenen, V. J. Chem. Soc. Chem. Comm., 1969, 314,

For a review on steroid side chain construction, see: Piatak, D.N.; Wicha, J. Chem., Rev.,
1978, 78, 194,

Van Rheenen, V. Tetrahedron Lett., 1969, 10, 985.

Brackman, W.; Grasbeek C.J.; Smit, P.J. Recl. Trav. Chim. Pays Bas, 1966, 85, 437;
Volger, H.C.; Brackman, W.; Lemmers, J.W.F.M. ibid, 1965, 84, 1203.

Bailey, E.J.; Barton, D.H.R.; Elks, J.; Templeton, J.F. J. Chem. Soe., 1962, 1578; Von
E, Doering W.; Haines, R.M.J. Amer. Chem. Soc., 1954, 76, 482; Russell, G.A.; Moye A.J.;
Nagpal, K. J. Amer. Chem. Soc., 1962, 84, 4154,

Bachi, M.D.; Bosch, E. Tetrahedron Lett., 1986, 27, 64l.

Kochi, J.K.; Subramanian, R.V. J. Amer. Chem. Soe., 1965, 87, 4855; Kochi, J.K.; Bemis,
A.; Jenkins, C.L. J. Amer. Chem. Soc., 1968, 90, 4616.

Elkins, H.B.; Pagnolto, L.D. in "Treatise on Analytical Chemistry", part III, Vol. 2,
I.M. Kolthoff, P.J. Elving and F.S, Stross, Eds., Wiley Interscience, New York, 1971.
Mayers, D.A.; Kagan, J. J. Org. Chem., 1974, 39, 3147,

Turner, R.B.; Mattox, V.R.; Engel, L.L.; McKenzie, B.F.; Kendall, E.C. J. Biol. Chem.,
1946, 166, 345.

Bertin, D.; Fritel, H.; Nedelec, L. Bull. Soe. Chim. Fr., 1962, 1068.

Mancera, O.; Zaffaroni, A.; Rubin, B.A,; Sondheimer, F.; Rosenkranz G.; Djerassi, C. J,
Amer. Chem. Soc., 1952, 74, 3711.

Vozza, J.F. J. Org. Chem., 1959, 24, 720.



