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The lactones X and XI were obtained on reaction of the. aldehyde III with lithium salt o·f methyl 
propinoate followed by hydrogenation of the intermediary esters IV and V. Treatment of the 
epoxides XXI and XXII with dilithium salt of acetic acid yielded the lactones X and XI. These 
lactones were also obtained by reaction of the epoxides XXI and XXII with sodium diethyl 
malonate through intermediates XXIII and XXV. The preparation of a-methylene lactones 
XXVII and XXVIII is also described. The 20R configuration was established for the lactones X, 
XXIII and XXVII while the lactones XI, XXV and XXVIII were assigned the 20S configuration 
both on the basis of IH-NMR spectra and chemical correlations. 

In the preceding comnlllnication1 we reported the preparation of 20,24-disubstituted 
derivatives of 21-nor-51X-cholane with a flexible side chain. In the present paper 
we describe the preparation of 21-nor-51X-cholane derivatives with a side chain 
containing a y-lactone five-membered ring with the oxygen bridge linking the 20 
and 24 positions. 

The first approach utilized the known1 kcto ester XII. The literature reports2 

reduction of its 3p-acetoxy-5,6-ullsaturated analog with sodium borohydride to yield 
an unseparabJe mixture of y-Iactones in which the authors assume the 20R isomer 
to be the preponderant component. Reduction of the keto ester XII with sodium 
borohydride gave a chromatographically homogeneous product in which the IR-spec­
troscopy demonstrated the presence of a y-Iactone ring. However, reduction of this 
product with sodium bis(2-methoxyethoxy)aluminum hydride gave rise to the· dials 
VII and IX in 9 : 1 relation. This result shows that the y-Iactone obtained by the 
above reduction is in fact a mixture of the lactones X and XI in 9 : 1 relation. Com­
paring the optical rotation value of the afore-mentioned mixture with the values 
for pure lactones X and XI (their preparationis described bclow) permits to estimate 
the proportion of the lactone X to 89% whereas comparison of the CD values leads 
to 91% content of this lactone. 

Since we did not succeed in separation of the two lactones by means of available 
chromatographic methods , it appeared ne~essary to work out procedures for pre­
paration of each individual isomer in pure condition. 

Part CCXLIII in the series On Steroids; Part CCXLII: This Jouma145, 3199 (1980). 
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108 Pouzar, Havel: 

The first route sets out from the aldehyde III obtained by oxidation of the alcohol II 
with pyridinium chlorochromate: the alcohol II was prepared from the methyl ester I 
llsing the known procedure3

• Reaction of the aldehyde III with lithium salt of methyl 
propinoate4 afforded two hydroxy esters IVand V which were separated by chromato­
graphy on a silica gel column. Their absolute configuration at C(20) was assigned 

VI; R = COOC H] 
VII, R= CH10H 

x 

q5b'R 
H 

I, R = COOCH ) 
/I, R = CH10H 

/II, R= CHO 

v 

VIlI, R = COOCH] 
IX, R = CH 20H 

{bCOCH1CH1COOC2Hl 

XII 
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On Steroids 109 

on the basis of differences in chemical shifts of 18-H3 signals in the 1 H-NMR spectra 
(Table I). According to the literatures in 20-hydroxy steroids containing a 22,23-triple 
bond and possessing a (20S)-configuration the 18-H3 signal is shifted downfield as 
compared with the respective (20R)-derivatives. It is thus possible to assign the(20S)­
-configuration for the compound IV, and the configuration 20R for the compound V, 

Hydrogenation .of the unsaturated hydroxy ester IV gives rise to the saturated 
hydroxy ester VI which cyclizes extremely readily to they-lactone X . Reduction 
of'the latter compound with sodium bis(2-methoxyethoxy)aluminum hydride yields 
the known! diol VII with the (20R)-configuration. Analogously, the unsaturated 
hydroxy"ester V gives rise to the saturated hydroxy ester VIII which is then converted 
into the y-lactone XI and the latter reduced to the known1 diolIX with the (20S)-con­

figuration. 
The aldehyde III, requisite as starting material for the above described synthesis 

of the lactones X and XI, was prepared from the methyl ester I. This ester was ob­
tained l on degradation of the pregnane side chain with the loss of one of its carbon 
atoms while the subsequent synthesis of the lactone ring required lengthening of the 
side chain by three carbon atoms. We therefore attempted to work out a synthesis 
starting directly from the pregnane derivative. One of the possibilities appeared 
to be opening of the oxirane ring of the epoxides XXI and XXII by dilithium saIt 
of acetic acid6

. 

The epoxides XXI and XXII were prepared in the following .manner. The hydroxy 
group in the hydroxy ketone XIII was removed by the application of the known'·8 
procedure via the mesylate XIVto give the ketone Xv. Acetoxylation9 of the ketone 
X Vat position 21 gave the acetoxy ketone XVI which was converted into the diol 
XVlI by lithium aluminum hydride reduction (TLC analysis revealed the presence 
of only a trace amount of the epimeric diol of the (20R)-configuration). Partial tosyla. 
tion of the diol XVII led to the monotosylate XVIII which on treatment with potas. 
sium carbonate in methanol gave the 20S-epoxide XXI. 

The (20R)-epoxide XXII was prepared by using a modification of the known 
method lo. Reduction of the acetoxy ketone XVI with sodium borohydride at O°C 
yielded practically pure monoacetate XIX which was tosylatcd to the tosyl acetate XX 
and the latter purified by crystallization. On treatment with sodium methoxide 
in methanol the tosyl acetate XX yielded the (20R)-epoxide XXII. 

Reaction of the (20S)-epoxide XXI, with the dilithium salt of acetic acid afforded 
the (20R)-lactone X. Analogollsly, the epoxide XXII with the (20R)-configuration 
gives the (20S)-lactone XI. These results are in conformity with configurations as~ 
signed on the basis of 1 H-NMR spectra of the esters IV and V and on the basis 
of chemical correlations with the diols Vll and IX. 

In the alternate 'procedure, the oxirane ring of the epoxide XXI was opened with 
sodium diethyl malonatell and the intermediary cx-ethoxycarbonyl-y-lactone XX1I1 
was decarboxylated12 by treatment with water and sodium chloride in dimethyl 
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sulfoxide at 170°C to yield the lactone X. The lactone XI was prepared in the same 
manner from the epoxide XXII . The both methods give comparable yields of the 
lactones X and XI; with dilithium salt of acetic acid the yield is 75% and 70%, res­
pectively, while the yield achieved with sodium diethyl malonate was 70% and 60%, 
respectively. Using the known procedurell ,13, the et-ethoxycarbonyI-y-lactones 
XXIII and XXV were converted into o:-methylene lactones XXVll and XXVIII 
through intermediary o:-carboxy-y-Iactones XXIV and XXVI. 

~ r~-!CH'R' 
R'~ 

H 

XIII, R' = OH. R2 = H 
XIV. RI = OMes, R2 = H 

XXll/, R= C2HS 
XXIV, R = H 

XXVII 

_, rh><H Q) '-/ CH,OR' 

Ii 

XVll.RI=R2 = H 
XV/fl, RI=H, R2=Tos 

XIX. R' = H, Rl= Ac 
XX, RI = Tos, R2= At; 

XXV, R = CzHs 
XXVI, R - H 

XXVlIl 
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On Steroids 111 

EXPERIMENTAL 

Melting points were determined on a Kofler block. Optical rotations were measured in chloroform 
with an error of ±3°. The IR spectra werc recorded on a Zeiss UR-20 spectrometer in tetra­
chloromethane unless statcd otherwise. The CD spectra were recorded on a Roussel-Jouan 
Dichrographe II in dioxane. Silica gel prepared according to Pitra and neutral aluminum oxide 
(Reanal, activity II) were used for column chromatography whereas silica gel G (Merck) was 
used for thin layer chromatography. Silica gel G impregnated with sodium tetraborate14 was 
used for checking the purity of the compound XVII by thin layer chromatography. Usual work 
up of an ethereal solution meanS washing the solution with dilute hydrochloric acid (1 : 4), water, 
saturated aqueous potassium hydrogen carbonate solution, water, drying with anhydrous so­
dium sulfate and evaporation of the solvent in vacuo. Analytical samples were dried at ;50°C 
and 26 Pa for 12 h. The identity of samples prepared by different foutes was checked by com­
parison of their IR spectra, by, thin layer chromatography (TLC) and mixture melting point de­
termination. 

17~-Formyl-5o:-androstane (III) 

pyridinium chlorochromate (5 g) was added to a solutio'n of the aIcoholll (5 g, m.p. 147-148°C; 
prepared following the literature3) in dichloromethane (100 mI). The mixture was stirred for 3 h 
at room temperature, then diluted with ether (100 ml) and passed through a column of alumina 

TABLE I 

Characteristic Parameters of IH-NMR Spectra 

Compound" l8-H3 19-H 3 20-H 21-Hz 23-H2 

Illb 0'70 S 0'75 s 9'75 d 1=2 
IVb.c O'73s 0'77 s 4'38 bd I"", 9 
Vb,d 0·69 s 0·77 s 4'30mt W"'" 14 
X b 0'74 s 0·78 s 4·38 mt W"'" 22 2'37mt 

XIb 0·70 S 0·78 s 4'38 mt W"'" 22 2·37mt 
XXb,e 0'70 S 0'74 s 4'83 mt W"'" 18 4'06mt 
XXIf 0·79 s 0·79 s 2'85mt 2·38 mt 2'67 mt 

XXII! 0·75 s 0'79 s 2·85mt 2'41 mt 2'68 mt 
XXVIIf,g 0·76 s 0·78 s 4·43 mt W"'" 23 
XXVIIIf. 1I 0·72 s 0'78 s 4·42mt W"", 23 

a The spectra were measured in de\.iteriochloroforrn with tetramethylsilane as internal reference. 
Chemical shifts are given in ppm (o·scale); coupling constants (I) and widths of inultiplets (W) 
are given ih Hz. All values ate obtained by firstordel' analysis. b Measured on Tesla B 476 (60 MHz) 
instrument. C Other signal 3'75 s (COOCH3). d Other signal 3·77 s (COOCH3). ~' Other signals: 
1'92 s (OCOCH

3
); 2'40 s, 7·35 Int, 7·80 rot (p-foJuenesulfonyl)J Measured oil aVarran ~A~lOO 

~lOOMHz) instrument,gOther signais 5·56 nit (W = 9) and 6' 18mt (W = 8) (23-methylene): 
I Other signals 5·55 mt (W == 8) and 6'16 mt (W = 9) (23-methylene). 
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(50 g). The column was eluted with ether, the solution evaporated to leave a residue (5 g) which 
was shown by TLC to be practically pure aldehyde III. lR spectrum: 2815 shoulder, 2713, 
1721 (CHO) cm- 1 . 

Methyl (20S)-20-Hydroxy-21-nor-50!-chol-22-yn-24-oate (IV) 

To a solution of diisopropylamine (1'4 ml) in tetrahydrofuran (10 ml) there was added in the 
course of 10 min 1·6M a solution of n-butyllithium in n-hexane (6'25 ml), after 30 min, methyl 
propinoate (0'95 ml) in the course of 10 min, after 80 min, a solution of the aldehyde III (1'1 g) 
in tetrahydrofuran (10 ml) in the course of 10 min. The reaction was conducted under argon 
at -78°C with stirring. 'After 5 h the mixture was decomposed with solid ammonium chloride 
and water, allowed to warm to the room temperature and diluted with saturated aqueous am­
monium sulfate solution. The product was taken up in ether, the extract washed with saturated 
aqueous solution of potassium hydrogen carbonate and ammonium sulfate solution. The resi­
due was chromatographed on a silica gel (100 g) column, The mixture of light petroleum-ben­
zene-cthcr (95 : 95 : ) 0) eluted the ester IV (750 mg) m.p. 106- 1 OSoC and 113 -- 115°C (Iight­
petroleum), b:1 D _200 (c 1-8). IR spectrum: 3612 (OH), 2238 (C==C), 1721, 1251 (COOCH3) 

em -1. For C24H3603 (372'6) calculated:. 77'38% C, 9'74% H; found: 77'74% C, 9'86% H. 

Methyl (20R)-20-Hydroxy-21 -nor-50!-chol-22-yn-24-ol (V) 

Prolonged elution with the same mixture of solvents (preparation of the methyl ester TV) af­
forded the m~thyl ester V (410 mg), m.p. J53-155°C (light petroleum), [CllD +6° (c 1'5). IR 
spectrum: 3614 (OH), 2238 (C=='C) , 1721, 1252 (COOCH3), cm - 1

. For C24H3603 (372'6) 
calculated: 77'38% C, 9'74% H; found: 77-37% C, 9'95% H. 

(20R)-21-Nor-5o:-cholan-20,24-diol (Vll) 

A 70% benzene solution (0'3 m\) of sodium bis(2-methoxy ethoxy)aluminum hydride was added 
to a solution of the lactone X (30 mg) in benzene (5 mIl and refluxcd while stirring for 2 h.The 
mixture was diluted with ether (30 ml) and worked up. The product was crystallized from ether 
to yield the diol VII (20 mg, m.p. 167-169°C) which proved identical with the authentic speci­
menlo 

(20S)-21-Nor-5o:-cholan-20,24-diol (IX) 

Reduction of the lactone X[ (30 mg) was conducted in the same manner as that of the lactone X. 
Crystallization from tetrachlorom~thane yielded the diol [X (22 mg, m.p. 182-184°C) identical 
with the authentic sample!. 

(20 R)-21-N or-50!-cholan-24~20·0Iide (X) 

a) A solution of the unsaturatcd ester I V (70 mg) in ethyl acetate (7 ml) was shaken with 10% 
palladium on charcoal (20 mg) under hydrogen at room temperature for 1 h, the catalyst filtered 
off and the filtrate evaporated under reduced pressure to yield pure (TLC) hydroxy ester VI 
(70 mg). IR spectrum: 1740 (COaCH3), 3505 (OH) cm - 1 . A solution of the hydroxy ester VI 
(60 mg) in tetrahydrofuran (7 ml) was treated with one drop of 70% perchioric acid for 15 min 
at room temperature. The mixture was diluted with ether (50 ml) and washed with potassium 
hydrogen carbonate solution and water. Evaporation of the solvent and crystallization of the 
residue from light p~troleum gave the lacton'c X (40 mg), m.p. 204-206°C, [CllD _13° (c 1'6). 
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IR spectrum: 1781, 1179 (y-Iactone) cm- 1 . CD spectrum: ft.e +0'77 (215 nm). For C23H3602 
(344'5) calculated: 80'18% C, 10'53% H; found: 80'05% C, 10'68% H. 

b) 1·6M Solution of n-butyllithium in n-hexane (4'1 ml) was added dropwise at -78°C to a stir­
red solution of diisopropylamine (668 mg) in tetrahydrofuran (11 ml) in the course of 10 min 
and the reaction mixture allowed to reach O°C which required 30 min. The stirred solution was 
treated with a solution of acetic acid (0'189 ml) in tetrahydrofuran (2 ml) over a period of 5 min. 
The mixture was kept at 32°C for 30 min and then treated with a solution of the epoxide XXI 
(100 mg) in benzene (2 ml). The reaction was conducted under argon, the mixture was l'efluxed 
and stirred for 8 h, then decomposed with 2M-H2S04 (30 ml), poured into water, the product 
taken up in ether, tbe solution washed with water and the solvent evaporated. The residue was 
ehromatographed on two silica gel plates (20 X 20 em) using a mixture of benzene-ether (93 : 1) 
for development . The product was crystallized from light petroleum to yield the lactone X (85 mg). 
m.p. 200-203°C. [CX]D _12° (c 2'2). 

c) Sodium chloride (58 mg) and water (9 mg) were added to a solution of the crude lactone 
XXIII (100 mg) in dimethyl sulfoxide (10 ml). The mixture was stirred under nitrogen at 170°C 
for 6 h, after cooling diluted with ether (100 ml) and washed wi th water five times. Evaporation 
of the solvent and chromatography of the. residue on a preparative si lica gel plate (20 X 20 em) 
using benzene-cther (93 : 7) for development furnished the lactone X (30 mg), m.p. 203-205°C 
(light petroleum), [exlD _ ISo (c 1-1). 

(20S)-21-Nor-S1X·cholan-24-+20-0Iide (XI) 

a) The preparation of the lactone XI from the unsaturated ester V was performed through 
the hydroxy ester VIII (yield 72 mg of a product found to be homogeneous by TLC; IR spectrum: 
1740 (COOCH3), 3505, 3608 (OH) (cm -1) in the same manner as preparation of the lactone X 
from the unsaturated ester IV. Crystallization from light petroleum gave the lactone XI (42 mg), 
m.p. 193- 195°C. [ex]D +23° (c 1'2). IR spectrum: 1781, 1182. 1176 (y-Iactone) em-I. CD 
spectrum: ft.8 - 1·07 (215 nm). For CZ3H3602 (344'5) calculated: 80'18% C, 10'53% H; found : 
80'08% C, 10'33% H. 

b) Preparation of the lactone XI from the epox ide XXII (tOO mg) was performed in the same 
way as the lactone X from the epoxide XXI. Chromatography of the crude product on two silica 
gel plates (20 x 20 em) yielded the lactone Xl (40 mg), m.p. J93-19SoC (l ight petroleum-ether). 
[a]D +24° (c 1' 1). 

c) Preparation of the lactone XI from the crude lactone XXV (l00 mg) was conduct~d in the 
same manner as that of the lactone X from the lactone XX111. Chromatography of the crude 
product on a preparative sil ica gel plate (20 X 20 em) in the system benzene-ether (93 : 7) af­
forded the lactone XI (24 mg) m.p. I 94-196°C (light petroleum- ether), [cx]D +27° (c 1'5). 

Reduction of the y-Keto Ester XII 

Sodium borohydride (200 mg) was added to a solution of the keto ester Xli (ref. I , 190 mg) 
in benzene (15 ml) and methanol (5 ml). The mixture was stirred at room temperature for 2 h. 
poured in water. acidified with hydrochloric acid and extracted with ether, the extract worked up 
in the usual manner and the residue after evaporation of the solvent was dissolved in benzene 
and the solution passed through a column of silica gel (5 g) using dichloromethane as eluant. 
This procedure yielded the mixture of the lactones X and XI (1 02 mg), m.p. 200-·20ZOC (methanol) 
nol), [ab _9° (c 1'0). IR spectrum: 1781, 1180 (YoJactone) em- 1 
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Reduction of the Mixture of the Lactones X and XI 

The. solution of the mixture of the lactones X and XI (270 mg) in benzene (22 ml) was treated 
under nitrogen with a 70% benzene solution of sodium bis(2-methoxyethoxy)aluminum hydride 
(1 '3 m!) at reflux temperature for 2 h. The mixture was then diluted with ethel' (200 ml) and 
worked up. The residue was chromatographed on four silica gel plates (20 X 20 em) that were 
developed twice in the system benzene- acetone (4: 1). The less polar zones were collected and 
eluted with dichloromethane to yield the diol VII (240 mg), m.p. 167-169°C (ether), [edo +210 

(c I '9), identical with the autentic sample!. Elution of the more polar zones with acetone yielded 
the diol IX (26 mg), m.p. 183 - 186' C (tetrachloromcthanc), [0:]0 _ 4° (c 1'2; chloroform-metha­
nol lO : 3), identical with.the authentic sample I , 

21-Acetoxy-Sct-pregnan-20-one (XVI) 

Methanesulfonyl chloride (2 ml) was added to a solution of the alcohol Xlli (4 g) in pyridine 
(30 ml) at -SoC. After 1 h standing at O°C the mixture was poured on ice, the separed product 
was filtered by suction, washed with water and dissolved in a mixture of dichloromethane and 
ether (1 : S), The organic phase was worked up, the residue after evaporation of the solvent was 
practically pure (TLC) m~sylate XIV which was dissolved in a mixture of 1,2-dimethoxyethane 
(50 ml) and water (5 ml). Zinc powder (7'5 g) and sodium iodide (8'7 g) were added to this solu­
ti on and the mi)(ture was stirred and rel1uxed ror 7·5 h , cooled, diluted with ether (300 ml) and 
tiltered through a layer of kieselgur. The organic phase was washed with dilute hydrochloric acid, 
water, sodium hydrogen carbonate solution, saturated sodium thiosulfate solution and water. 
EvapDration of the solvent and crystallization from a mixture methanol- ace tone-water yielded 
the ketone XV(2'5 g), m.p. 132-134°C, (literature15 reports m.p. 136°C). To a solution of the 
ketone XV(2'5 g) in b ~nzene (40 ml) were added at a time (over a period of 4 h); methanol (9 :3 ml 
in 4) ml of b~nzen~), b)ron t rifluoride etherate (22'3 ml in 30 ml of b~nzene) and lead tetraacetate 
(5'93 g). The mi)(ture was then diluted with ether( 150 m!) and worked up as usual. Crystallization 
or the crud! p roduct from acetone-m~thanol o·water gave the acetoxy ketone XVI (2 g), m.p, 
199-201 0C, [xlI) +940 (c 1'9). Literature1 6 repDrts m.p. 201 - 202°C, [cxlo +98°, 

(20S)-5a-Prcgnane-20,21-dioI 21-p-Tolucnesulfonate (XVflI) 

Lithium aluminum hydride (300 mg) was added to a solution of the acetoxy derivative XVI 
(900 mg) in tet rahydrofuran (30 m!) and benzene (10 ml) , the mixture was st irred at room tem­
p~rature ror two h , deeomposed with ethyl acetate and poured into diluted hydrochloric acid 
(1 : 4). The product was e)(traeted with ethyl acctatc and the e)(tract worked up in the usual man­
ner. Evaporation yielded a residue (850 mg) consisting (TLC analysis) of practically pure diol 
XVI!. This diol (822 mg) was dissolved in pyridine (12 ml) and treated with p-toluenesulfonyl 
chloride (600 mg) at room temperature for 7 h . The mixture was poured onto ice, the product 
extracted with ether and the extract washed with dilute hydrochloric acid (1 : 4) and water, 
dried and evaporated. The residuc was chl'Omatographed on a column of silica gel (100 g) . 
'fhc mixture of light pet roleum-benzene-e ther (45 : 45 : 10) eluted non-polar impurities (70 mg) 
and a mixture of light pelroleum-benzene- ether (40: 40 : 20) eluted the monotosylate XVIII 
(860 mg), m.p. 133-135°C (light petroleum), [cxlo + 8° (c 1'9). IR spectrum (chloroform): .1365, 
1179 (p-tolucnesulfonyI), 3600 (OH) cm- I

, For C2sH4204S (414'7.) calculated: 70'85%C, 
8'92% H, 6'75% S; found: 70'70% C, 9'21% H , 6·51 % S. 
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(20S)-5er:~Pregnane-20,21-diol 20-p-Toluenesulfonate 21-Acetatc (XX) 

Sodium borohydride (306 mg) was added to a stirred solution of the ketone XVI (1'93 g) in a mix­
ture of benzene (96 ml) and methanol (96 ml) at O°c. Stirring was continued for 30 min under 
cooling. The mixture was acidified by acetic acid and evaporated to a small colume at reduced 
pressure, the residue was treated with dichloromethane and water, the organic layer was dried 
with sodium sulfate and the solvent evaporated . The residue was dissolved in pyridine (16 mJ) 
and treated with p-toluenesulfonyl chloride (:Z'5 g) for 4 days. The mixture was then poured 
onto ice, separated product was filtered, washed with water, dissolvecf in benzene and worked up 
in usual manner. The residue was crystallized from ether to yield the tosylate XX (2'02 g), m.p. 
182- 183°C, [0:1 0 + 120 (c 1'4). IR spectrum: 1748, 1232 (CH3COO), 1378, 1189, 1 179 (p-toluene­
sulfonyl) cm - 1. For C30H440SS (51,6'7) calculated: 69·13% C, 8'58% H, 6'20% S; found: 
6946% C, 8'55% H, 6'15% s. 

(20S)-20,21-Epoxy-5er:-pregnane (XXI) 

The tosylate XVIII (820 mg) in methanol solution (60 ml) was treated with anhydrous potas­
sium carbonate (200 mg) at reflux temperature for 10 min with stirring. The solvent was then 
remuved at reduced pressure, the residue dissolved in benzene and passed through a column 
of silica gel (25 g). Washing with benzene yielded the epoxkle XXI (500 mg), m.p. 130- 131°C 
(ether), [0:]0 _190 (c 1'5). JR spectrum: 3045,936,870 (oxirane) cm- t

. For C21 H340 (302'5) 
calculatt;d: 83-38% C, 11-33% H; found: 83·65% C, 11'23% H. 

(20R)-20,21-Epoxy-5o:-pregnane (XXII) 

To a solution of sodium m~thoxide in m~thanol (prepared from 900 mg of sodium and 140 ml 
uf m:thanol) was added a solution of the tosylate XX (2 g) in benzene (80 ml). The mixture was 
heated at 65°C under argon with stirring. After 30 min the solvent was removed at reduced 
preSSlJre, the residue dissolved in benzene and passed through a column of silica gel (80 g). 
Wd~hing with benzene yielded the epoxide XXII (1'13 g), m.p. 92-94°C (methanol--cther), 
[-r.1o + 5° (c 1'5). IR spectrum: 3042, 891 (oxirane) cm- 1

. For C21 H340 (302,5) calculated: 
83-38% C, 11'33% H; found: 83-47% C, 11'66% H. 

(20R)-231;-Ethoxycarbonyl-21-nor-5o:-cholan-24- ;..20.0Iide (XXIII) 

Diethyl malonate (1'2 m!) and a solution of the epoxide XXI (150 mg) in benzene (2 ml) were 
addctl toa solutiun of sodium (150 mg) in ethanol (4·6 ml). After stirring and heating to the 
reflux temp~rature under argun for 8 h, the mixture was diluted with ether (50 ml) and worked 
up. Evaporation gave a residue (400 mg) containing practically pure lactone XXIII and unreacted 
diethyl nnlonate (shown by TLC). An analytical sample was obtained by repeated crystalliza­
tion from light petroleum. IR spectrum: 1187 (y. lactone), 1741 (COOC2H s) cm-

1
• For C26H40 . 

. 04 (416,6) calculated: 74'96% C, 9·68% H; found: 74'94% C, 9'82% H. 

(20S)-231; -Et hoxycarbony)-21-nor-Scr-cho lan-24--+20-01 ide (XXn 

Preparation Of the lactone XXV from the epoxide XXII (150 rilg) was carried out in the same 
manner as preparation of thc lactone XXIII from the epoxide XXI and gave a residue (423 mg) 
containing (TLC) practically pure lactone XXV and unreacted diethyl malonate. Analytical 
sample was obtained by repeated crystallization from light petroleum. IR spectrum: 1785 (oy-lac-
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tone), 1742 (COOC2 Hs) em - 1. For CZ6H4004 (416·6) calculated: 74'96% C, 9·68% H; found: 
74-69% C, 9'32% H. 

(20R)-23-Methylene-21-nor~5o:-cholan-24-+20-0Iide (XXVl/) 

Potassium hydroxide (1 g) in ethanol (10 ml) was added to a solution of crude lactone XXIII 
(300 mg) in ethanol (20 ml) and the mixture was refluxed for 1 h, poured onto ice and acidified 
with 4M-HzS04. The product was taken up in ether, the extract washed with and evaporated 
to give a residue containing practically pure compound XXIV (TLC analysis). The latter was 
treated with 37% aqueous formaldehyde (6 ml) and diethylamine (1'2 ml) and after refluxing 
and stirring for 30 min trie mixture was poured into diluted hydrochloric acid (1 : 4), the product 
extracted with ether and worked up. Chromatography of the residue on silica gel plate (20 X 
x 20 cm) using benzene-ether (96 : 4) for development yielded the lactone XXVII (50 mg), 
m.p. 179-181°C (light petroleum ether), [a]o _210 (c 1'2). IR spectrum: 1771 (y-lactone), 
1669 (C=C) cm- I

. CD spectrum: t:..e + 0'79 (259 nm). For C24H3602 (356'6) calculated: 
80'85% C, 10'18% H; found: 80'83% C, 10'29% H. 

(20S)-23-Methylene-21-nor-5(Hholan-2~20-olide (XXVIII) 

Preparation of the lactone XXVIII from the crude lactone XXV (300 mg) was carried out in the 
same manner as preparation of the lactone XXVII from the lactone XXIII. Chromatography 
of the crude reaction product on a silica gel plate (20 x 20 cm) in a benzene-ether (96 : 4) system 
yielded the lactone XXVIII (44 mg), m.p. 174-176°C (light petroleum-ether), [alD' + 34° (c 0'9). 
IR spectrum: 1771 (y-Iactone), 1669 (C=C) cm -1. CD spectrum: t:..e -1-19 (259 nm). For 
C24H360Z (356'6) calculated: 80'85% C, 10'18% H; found: 81']3% C, 9'88% H. 

The analyses were carried out in the Analytical Laboratory of this Institute (head Dr J. Horacek). 
The infrared spectra were recorded by Mrs K . MalOI/Skova alld Mr P. Formanek and interpreted 
by Dr S. Vasii'kova . CD spectra were recorded alld i1l1erpreted by Dr S. VaSii'kova. The 1 H-NMR 
spectra were recorded by Dr M. Masojidkovd and Mrs J. Jelfnkovd. ' 
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