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o-Oxo acids VI-IX a nd Xl V were converted to o-thioenol lactones X - XIII and XV on reaction 
with phosphorus pentasulfide in pyridine. Under these conditions thee-oxo acid X VI affords B-nor
steroids XVII and XVIII. The proposed structures are conflrmed by a number of physico-chemical 
data. The reduction of these thienol lactones with hydrides is also described. 

Among the modified steroids containing a sulfur atom in their nucleus only substances 
I and II have displayed a promising biological activity l,2 so far. Among 4-thia
steroids only compounds of type III are known 3 which were prepared from chole
sterol in 9 steps, but which do not represent a type in which hormonal activity 
could be expected. Therefore we described in this paper a one-step conversion 
of 5-oxo-A-nor-3,5-secocholestan-3-oic acid (Vi) into 4-thia-5-cholesten-3-one (X), 
which we considered a model of substances with a potential biological activity. 

The closing of a heterocycle when aliphatic oxo acids are used as starting substances 
usually takes place in low yields, especially with 8-oxo acids4

- 6. However, in the case 
of oxo acid VI the expectation of a successful cyclization to compound X was sup
ported by the easy formation7 ,8 of analogous 4-heterosteroids IV and V. For the 
transformation proper we chose the conditions which Barton and coworkers9 used 
for the preparation of steroid thiones. Under these conditions compound VI gave 
a more lipophilic product X of the composition C2 6H420S (mass spectroscopy). 
The formation of compound X was accompanied by a strong shift of the molecular 
rotation to the left ([M]~O = - 350°), the same as in the case of the formation 
of analogous substances IV and V ([M]~O = -197° and - 297°, respectively). 

The IR spectrum of compound X contains a strong band at 1 668 cm -1 (v( C= O)) 
and a weaker one at 1 635 cm- 1 (v( C=C)). The occurrence of the first of these bands, 
the frequency of which coincides with that of saturated tetrahydrothiapyran-2-ones 1 

0, 

excludes - for compound X - the alternative structure of thionoenollactone. In the 
UV region the conjugation of the thiol ester system with a double bond is apparent : 
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1490 Kasal: 

while saturated tetrahydrothiapyran-2-ones absorb at 235 and 270 nm, compound 
X absorbs at 223, 238 and 258 nm. The CD-curve of compound X (Fig. 1) has the 
same course as the curves of analogous substances 1 V and V, but the frequencies 
of individual transitions differ in dependence on the length of the n-electron systems. 
In contrast to saturated thiepan-2-ones1 1. the CD curves of compound X are practi
cally identical (with the exception of the fine structure), irrelevant of whether they 
were measured in methanol, dioxane or heptane. 

The IH NMR spectrum of compound X is almost identical with the spectra 
of compounds IV and V, with the exception of the larger downfield shift of the pro
tons in the position 6 and 19. The 13C NMR spectrum of compound X is again 
very similar to the spectra of the mentioned analogues (Table I), and in the case 
of the thia derivative X the conjugation of the free electron pairs of the sulfur atom 
with the n-electrons of the carbonyl group and the C=C bond is more pronounced, 
so that the most important deviations from the spectra of compounds IV and V 
consist in the chemical shifts of the signals of atoms C(3)' C(5) and C(ti)' The signals 
of atoms vicinal to this conjugated system (C(2)' C(7») are distinctly shifted down
field. With increasing distance of other atoms from this system the differences of the 
chemical shifts of the thia and oxa derivatives X and V disappear (see Table II). 

In contrast to oxa- and aza-analogues IV and V the thia derivative X gives a well 
defined polarographic wave at an accessible potential (n 1,2 = -1,75 V). This wave 
is connected with the reduction of the carbonyl group, as evidenced by the absence 
of this wave in the experiment on polarographic determination of 3ct-hydroxy
-4-thia-5-cholestene (XIX b). 

The utilisability of the preparation of LiS-unsaturated 4-thiasteroids o.f'type X 
was checked on further substrates which contained an ester (Vll) or a keto group 

FIG.! 

CD spectra of IV, V and X in methanol. 
1 Thia derivative X, 2 aza derivative V, 3 oxa 
derivative IV; c = 1 . 10- 5 moll- 1 
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On Steroids 1491 

(VII I, J X) in the molecule. The physico-chemical characteri stics of products XJ-XlJI 
confirmed that the formation of o-thienollactones took place without complications. 
Compounds with free hydroxyl groups which undergo dehydra tion under the reac
tion conditi o ns are not suitable as subst rat es. 

ff
o 

~ I 
AcO ~ S 

H 
/II 

HO~:"R' 
VI, R' = i-C. HI7, R" = H 

VII , RI = OCOCt>Hs, R"= H 
VII!, R' = COCH), R" = H 

IX , R' + R" = 0 

W
O 

rt COOH 
AcO ° 

XIV 

XVI 

H 
/I 

o~ 
I V, X = 0 

V, X = N H 

O~':"R' 
X, R' = i·C. H17 , R2= H 

XI, R' = OCOC6 Hj , R ~= H 
Xli. R' = COC HJ , R2= H 

XfII, R' + R ~ = 0 

AcO rt\:~H + Aco05> ~t=to 
XVII XVIll 
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1492 Kasal: 

This method was also applied to 3p-acetoxy-5,17-dioxo-B-nor-5,6-secoandrostan
-6-oic acid (XIV) which gave 3p-acetoxy-6-thia-4-androstene-7,17-dione (XV) in low 
yield. On the other hand, the £-oxo acid X VI gives under the same condition merely 
sulfur-free products; two main lipophilic product~ have been identified as B-nor
steroids X VII and XVIII on the basis of their TR spectra which were identical with 
those of authentic samples. 

Thioenol lactones of type X easily undergo reduction. While enol lactone IV 
gets reduced with tri-tert-butoxylithium aluminium hydride under rearrangement l2 

to 3,6-cyc10-A-nor-3,5-seco derivative XX, the reduction of thia derivative X with 
this reagent takes place without rearrangement: the product XIX contains a single 
oxygen-containing function in the molecule (mass and IR spectroscopy), i.e. a hydro
xyl group, and the ,1.s-double bond remains preserved (lH NMR). The character 
of the signal of the C(3)-proton (a multiplet, Wl / 2 = 8 Hz) corresponds to a configura
tion in which this proton is coupled to the same extent with both protons on carbon 
C(2); if assuming a chair conformation for the A-ring l3

, the reduction product 
should be expressed by formula XIXb in which the hydroxyl group is bound with 
an axial bond. In alcoholic medium substances of the type XIXb, i.e. derivatives 
with a masked aldehyde group, react to 3o:-alkoxy derivatives of type XIXc. The 

TABLE I 

Parameters of the l3C NMR spectra. The noise decoupled spectra were measured on a Varian 
XL 200 instrument in deuteriochloroform with tetramethylsilane as internal reference.'-Ctremical 
shifts are given in a-scale (ppm). 

Carbon 
atom 

2 

10 
11 
12 
13 
14 

x 

32·36 
38·20 

201-46 
136·73 
126·13 
36·92 
31·66 
48·08 
36·12 
21·68 
39·51 
42·43 
56·48 

Compound 

IV 

27·62 
31-01 

168·49 
151·36 
105·54 
29·17 
31-67 
48·74 
34·61 
20·97 
39·29 
42·44 
56·21 

Carbon 
Compound 

v atom x IV v 

28·41 15 23-82 23·81 23-82 
31·51 16 28·19 28·13 28·16 

169·85 17 56·07 56·05 56·09 
139·91 18 11·96 11·91 11·92 
103·63 19 19·74 18·62 18·68 
29·69 20 35·74 35·72 36·75 
31-62 21 18·68 18·89 18·68 
47·98 22 36·12 36·14 35·14 
34·10 23 24·13 24·15 24·15 
20·92 24 39·50 39·48 39·46 
39·46 25 28·01 27·99 27·98 
42·41 26 22·81 22·79 22·79 
56·48 27 22·56 22·55 22·54 
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On Steroids 1493 -----------------------------------------------------
hydroxy group in compound XlXb is relatively easily split ofr, affording the con
jugated system of 4-thia-2,5-cholestadiene, when submitted to ace tylation , oxida
tion with dimethyl sulfoxide and oxalyl chloride, or pro.longed standing at room 
temperature. Oxidation of hydroxy derivative Xl X b according to Jones affords 
compound XXII in which the hydroxy group is preserved, but the sulfide bridge 
oxidized to a sulfone group (I R spectrum: intramolecular hydrogen bond from the 
hydroxyl group, sulfone group). In 3-oxo derivative X a simila r oxidation of the 
sulfide bridge does not take place, but on prolonged reaction with Jones's reagent 
the A-ring is opened under formation of a carboxylic acid (I R spectrum). 

XIXa, Rb OH, R' = H 
XIXb, RI = H, R' = OH 
XIXc , RI = H, R' = OC I-I., 

XXI 

ct;=t=rR' 
RI 

XXIIf, R' = H, R' = i-CKHI7 
XXIV, RI = C 6 HsCH" R' = OH 
XXVI, RI = SH, R' = i-CsHI 7 

XXVII, RI = C6 HsCOO, R' = H 
XXVfII , RI.+R' = O 

XXIX, RI'= OH, R' = H 
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When the 8-thienol lactone X was reduced with lithium aluminium hydride and 
worked up using acids, the substance XXIII isolated was free of sulfur. The IR and 
the IH NMR spectra confirmed the identity with 3-hydroxy-A-nor-3,5-secochole
stan-5-one which is present in solution 14.15 in cyclic form. Similar reduction of 17~
-benzoyloxy derivative XI afforded alcohol XX I V. In reduction with lithium alu
minium hydride the reaction does not come to a stop at the stage of hydroxy deriva
tive XIX, but it continues up to 3-deoxy derivative of type XXV which reacts during 
the work-up procedure with the acidified water, giving gradually 3-hydroxy-5"thione 
XXVI and 3-hydroxy-5-ketone XXIII. The easy reducibility of the carbonyl group 
in 8-thienollactones of type X is demonstatrated by the attempt at partial reduction 
of 4-thia-5-androstene-3,17-dione (XII 1): the distribution of the products XXVI II to 
XXX, when less than one equivalent of tri-tert-butoxylithium aluminium hydride 
was used, shows that the 3-oxo group in compound XI is reduced roughly equally 
easily as the 17-keto group. 

EXPERIMENTAL 

The melting points were determined on a Kofler block and they are not corrected. Optical rota
tions were measured in chloroform, the IR spectra in tetrachloromethane, unless stated other
wise. The I H NMR spectra were measured on a Tesla 60, and the 13C NMR spectra on a Varian 
XL 200 instrument, in deuteriochloroform. The chemical shifts (in ppm) are given in J-scale. 
The mass spectra were measured on an AEI MS 902 spectrometer, and circular dichroism on Di
chrograph II (Jouan-Roussel) in methanol. Polarographic determinations were carried out 
in tetra-n-butylammonium perchlorate in dimethylformamide (0' \ moll - I), using AgjAgCl 
electrode as a standard. ", 

4-0xa-5-cholesten-3-ane (IV): 1 H NMR spectrum: 0·70 (s, 3 H, 18-H), 1·09 (s, 3 H, 19-H), 
2·60 (mt, 2 H, 2-H), 5'27 (dd, J = 5 and 2 Hz, 1 H, 6-H) ppm. 

4-Aza-5-chalesten-3-olle (V): IH NMR spectrum: 0'70 (s, 3 H, 18-H), 1'09 (s, 3 H, 19-H), 2'47 
(mt , 2 H , 2-H), 4·86 (mt, W 1/ 2 = 8 Hz, 1 H, 6-H) ppm. 

4-Thia-5-cholesten-3-one (X) 

Phosphorus pentasulfide (15 g) was added over one minute at 90°C and under stirring to a solu
tion of 12 g of keto acid VI in 80 ml of pyridine and the mixture was stirred at the same tempera
ture for 2 h. After cooling ether (250 ml) was added and the mixture was filtered through a layer 
of sodium sulfate, which was then washed with ether. The filtra te was concentrated in a vacuum, 
dissolved in about 100 ml of toluene and the solution was diluted with about 200 ml of ether. 
The mixture was filtered again through a layer of sodium sulfate, the filtrate was concentrated 
and applied on a silica gel column. Elution with 1% of ether in light petroleum gave 5'52 g of X, 
which crystallized from light petroleum at -60°C. However, at room temperature this substance 
turns oily and on standing crystallizes again. M.p. 60-63°C, [alba -870 (c 1'1); IR spectrum: 
1679 (-COS- ), 3020, 1 635 (C=C) cm - I. IR spectrum (CHCI3): 1 667, 1 109 (- COS-), 
1 635 (C=C) cm -I. UV spectrum (methanol), emax ().): 4 210 (258 nm), 2 860 (238 nm), 5 800 (233 
nm). IH NMR spectrum: 0·72 (s, 3 H , 18-H), 1·20 (s, 3 H, 19-H), 2'60 (mt, 2 H , 2-H), and 5·70 
(dd, J= 5 and 2 Hz, 1 H, 6-H) ppm, CD-spectrum: l1e = 14'17 (250 nm) and -21·65 (283 nm). 
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On Steroids 1495 

For C26 H42 0S (402'7) calculated : 77 '55% C, 10'51 % H, 7'96% S; found : 77-32% C, 10'63% H, 
7'67% s. 

1713-Benzoyloxy-4-thia-5-androsten-3-o ne (XI) 

Similarly, the keto acid VII {600 mg) was converted to compound XI (210 mg), using phosphorus 
pentasulfide (210 mg) in 7 ml of pyridine a, reagent. M.p. of the product was 209-21 1°C (acetone, 
heptane), [albo -69° (c 1'0). IR spectrum (CHCI 3); 1669 (-COS- ), 1 710, 1 280 (C6 HsCOO) 
cm -1 . 1H NMR spectrum: 0·98 (s, 3 H, 18-H), 1·24 (5, 3 H, 19-H), 4·88 (t , J = 8 Hz, I H , 17-H), 
5·74 (dd, J = 5 and 2 Hz, I H , 6-H), 7-47 and 8·03 (mt, 5 H , arom.) ppm. For C2sH3002S {410'7) 
calculated: 73 ' 13% C, 7'37% H, 7'81% S; found : 73'14% C, 7'55% H, 7' 83% s. 

4-Thia-5-pregnene-3,20-dione (XII) 

In a similar manner the oxo acid VIII (710 mg) was converted to thioenollactone XII (196 mg), 
m.p. 172-174°C (acetone, heptane) [albo - 90° (c 0'9). IR spectrum (CHCI J): 1 669 (COS), I 637 
(C=C), 1700 and 1 360 (COOH3 ) cm- I

. 1 H NMR spectrum: 0·67 (s, 3 H, 18-H), 1·20 (5,3 H, 
19-H), 2'11 (5,3 H, 21-H), 2·55 (mt , 2 H, 2-H), 5'70 (bd. J = 5 Hz, I H, 6-H) ppm. For C 2o H z8 . 

02S (344' 5) calculated: 73'21 % C, 8'19% H. 9'31 % S; found: 73·04 C, 8'10% H, 8'96% s. 

17-0xo-4-thia-5-androsten-3-one (XIII) 

Similarly acid IX (2'6 g) was converted on reaction with phosphorus pentasulfide (2 ' 3 g) in pyri
dine (40 ml) at 90°C to compound XIII (680 mg), m.p. 156-158°C (ether), 162- 163°C (aqueous 
acetone), [ali5° -124° (c 2). IR spectrum (CHCI 3) : 1 745 (CO), 1 682 (-COS- ), 3035, 1 638 
(C= C) em-I . IH NMR spectrum: 0·92 (5,3 H, 18-H), 1·24 (s, 3 H, 19-H), 2'63 (mt, 2 H, 2-H), 
5·75 (dd, J = 2·2 and 5 Hz, 1 H , 6-H) ppm. For C'8HZ40ZS (304'4) calculated: 71·01 % c, 7'95% 
H; found : 69'93%C , 7'88% H. 

313-Acetoxy-6-thia-4-androstene-7,17-dione (X V) 

In a similar manner diketo acid XIV (2 '5 g) was converted to compound XV (0'45 g) on reaction 
with 3'9 g of phosphorus pentasulfide in 25 ml of pyridine. M.p. 19I-193°C (acetone), [albo 
+ 163° (c 1'1). IR spectrum (CHClh) : 1 732, 1250 (CH3 COO), 1 740 (CO, ketone), 1670, 
1 625 (- COS- ) cm -1. CD spectrum: I:!..e = + 19-41 (287 nm), 0 (263 nm), -6'71 (253 nm), 
-4'38 (237 nm), -5·25 (228 nm), -3,94 (217 nm). IH NMR spectrum: 0·90 (5, 3 H , 18-H), 
1·27 (5, 3 H, I9-H), 2·03 (5, 3 H, CH3CO), 5'30 (mt, WI/Z = 15 Hz, 1 H, 3-H), 5'52 (mt, WI/2 = 
= 4 Hz, 1 H, 4-H) ppm. For CZOHZ604S (362'5) calculated: 66'27% C, 7·23% H; found: 66' 13% 
C, 7'36% H . 

Reaction of 313-Acetoxy-5-oxo-5,6-secocholestan-6-oic Acid (XVI) 

with Phosphorus Pentasulfide 

Similarly, keto acid XVI (230 mg) was exposed to the action of phosphorus pentasulfide in pyri
dine, the product was separated on silica gel thin layer (with 10% ether in benzene) and the zones 
detected with a methanolic morin solution. The main product (68 mg) was found identical with 
the 13-lactone XVll, IR spectrum in chloroform: 1 731, 1 256, 3 040, 1 820, 1 191 cm -1, identical 
with the spectrum of an authentic samplel6 . The by-product (11 mg) was found identical with 
B-norcholesteryl acetate16 (XVIII). In the region of non-polar substances no sulfur derivative 
was found. 
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4-Thia-5-cholesten-3cx-ol (XI Xb) 

3-0xo derivative X (220 mg) was dissolved in tetrahydrofuran (4 ml) and then mixed at room 
temperature with 400 mg of tri-tert-butoxylithium aluminium hydride. After I h reaction the 
mixture was poured into a saturated solution of sodium ammonium tartrate (about 100 ml) and 
the product was extracted with chloroform. The extract was washed with water and dried over 
sodium sulfate. Crystalliza tion from acetone afforded 83 mg of compound XIXb, m.p. 112 - 120°C 
[a]5° - 20° (c 1·0). I R spectrum: 3 065, I 065, 1 025, 1 012 (OH), 3 025 (C=C), cm - l 1 H N MR 
spectrum: 0·68 (5, 3 H, 19-H), 0·86 (d, J = 6 Hz, 6 H, 26, 27-H), 0·91 (d, J = 6 Hz, 6 H, 3 H, 
21 -H), 4·88 (mt, W I / 2 = 7 Hz, I H, 3-H), 5·85 (bd, J = 5 Hz, 1 H, 6-H) ppm. For C 26 H440S 
(404·7) ca lcul ated: 77-16% C, 10·96% H; found: 76·91 % C, 8·06% H. 

4-Thia-androstene-3, 17-diol, 17-benzoate (XX VII) 

3-0xo derivative XI (160 mg) was reduced at room temperature with sodium borohydride 000 
mg) in tetrahydrofuran (2 ml). After 10 min the mixture was poured into 5% of hydrochloric 
acid, the product was extracted with chloroform, the extract washed with an aqueous potassium 
hydrogen carbonate solution, then water, and dried. The product was purified by thin-layer 
chrolllatography on silica gel (10% of ether in benzene). The main product (105 mg) was crystal
li zed from acetone and heptane, m.p. 154- 158°C; [a]5° + 28° (c 1·2). lR spectrum: 3610 tOH), 
1722,1276 (C6H sCOO)cm - l . lH NMR spectrum: 0·95 (s, 3 H, 18-H), 1·25 (s, 3 H, 19-H), 
4·85 (mt, W I / 2 = 13 Hz, 2 H, 3,17-H), 5·85 (mt , WI l l = 13 Hz, 2 H, 3,17-H), 5·8S (mt, W I / Z = 

= 8 Hz, 1 H, 6-H), 7·0S and 8·05 (mt, 5 H , arom) ppm. For CZSH3203S (412·6) calculated: 
72·77% C, 7·82% H; found: 72·S0% C, 7·96% H. 

4-0xa-Sl;-cholestan-S-ol (XXIII) 

4S mg of 4-thiacholestenone were mixed with a sat urated lithiulll aluminium hydride solutio:! 
in ether (5 ml) at room temperature. After 20 h standing the solution was poured into a 5%,hydro
chloric acid solution, the product was extracted with ether, the extract washed with potassium 
hydrogen carbonate and water, and dried. After evaporation of the solvent the crude dry residue 
contained a substance of molecular weight 390, accompanied by an admixture with molecular 
weight 388, the composition of which corresponds to substance XXV (high resolution mass 
spectrometry: Cz6 H44S). After thin-layer chromatography on silica gel 32 mg of a mixture 
of 4-oxa-5l;-cholestan-S-ols (XXIII) the IR spectrum of which is identical with the spectrum 
of this mixture prepared by a different route lS . 

S-Benzyloxy-4-oxa-Sl;-androstan-17J3-01 (X XI V) 

17J3-Benzoyloxy-4-thia-5-androsten-3-one (520 mg) was reduced with lithium aluminium hydride 
in tetrahydrofuran at room temperature for 20 h. The excess of the reagent was decomposed 
with moist ether, then with water and the mixture was saturated with anhydrous sodium sulfate. 
The inorganic material was filtered off and washed with ether. The filtrate was evaporated and 
the residue, smelling of hydrogen sulfide, was purified by chomatography on a silica gel column, 
affording 280 mg of the main product, which was crystallized from acetone, m.p. 233-236°C 
(SI mg). Mass spectrum (m /z): 276 (CZSH360Z- C7HsO), 108 (C7H sO) . IH NMR spectrum: 
0·72 (s, 3 H, 18-H), 0·98 ts, 3 H, 19-H), 3·63 (mt, 2H, 3- and 17-H), 4·43 (d, J= 6 Hz, I ·S H, 
benzyl), 4·67 (s, 0·5 H, benzyl), 7·35 (s, 5 H, arom)., ppm. IR spectrum (CHCI3): 3615 10H}, 
3 09), 3 075, 1 609, 1 499 (arom.), 1 136, 1 096, 1 080, 1 056 (and 1 019 (-0- ) cm -1. For 
C2sH3603 (384·5) calculated: 78 ·08% C, 9·44% H; found : 78·23% C, 9·47% H. 
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4-Thia-2,5-cholestadiene (XXI) 

F rom the mother liquors after crysta lli za tion of co mpound X IXb (100 rng) a no n polar product 
was a lso obt a ined by thin-layer chromatography on silica ge l. M.p. 91- 92°C (3 mg), [a]6° - 9J ° 
(c 1·1). IR spectrum: I 635 , I 619,3 050, 3 030, 657 (C= C) em - I : I H N MR spectrum (200 MHz): 
0·70 (s, 3 H, 18- H), 1· 12 (S, 3 H, 19-H), 0'S6 (d, 1 = 6·6 Hz, 3 H, 27- H), 0' S7 (d, 1 = 6·6 HI.. , 
3 H, 26-H), 0'92 (d , J = 6' 5 Hz, 3 H , }I-H), 1· 87 (bd, .1 1 •3 ,= 2·9 Hz, J 1o •2 c= 2'4 Hz, 2 J = 

= 17 Hz), 2'32 (bd, J lp ,2 = 6' 5 Hz, J = J7 Hz), 5·70 (mt. 12. 1[1 6·5 Hz, .I 2 . ) ~" 10 HI., 
J2.1~ = 2·4 Hz), 5·94 (dd, .13 , 2 = 10 Hz, .1).1 , = 2·9 Hz), 5'70 ( ml , .I = 5·4 an d 2·8 Hz) ppl11. 
Mass spectrum: 386111 / Z (C 2 t> H42S). 

4-Thia-5-cholesten-3a-ol S,S-dioxide (XXII) 

4-Thia-5 -cholesten-3a-ol (XIX, 300 mg) was oxidized according to Jo nes in ace tone at O°c. 
After 3 min the mixture was deco mposed with an aqueous potassium carbonate so lution, the 
product was extrac ted with chloroform, the extract washed and then purified on a thin layer 
of silica gel (with 8% ether in benzene) . The pola r product (Rr 0'2) melted a t J54 - J5SoC 
(6 J mg), when crystallized from heptane the melting point rose to 165 - 167°C, [a16° _ 21 ° (c 0'9) . 

IR spectrum (CHCI): 3 565 (OH), 3035, 1 644 (C= C), 1290, I 124, 1103 (S02) cm - I
. Mass 

spectrum (II1 /Z) : 436 (C26H4403S) , J H NMR spectrum: 0·67 (5. 3 H , IS-H), 1·3 1 (s, 3 H , J9-H), 
0·85 (d, J = H z, 6 H , 26,27-H), 0·90 (d . .I = 6 Hz, 3 H, 21-H), 4· 58 (mt , W l / 2 = 7· 5 Hz, I H,3-H), 
6·95 (mt, W I / 2 = 9 Hz, I H, 6-H). For C26 H44 0 )S (436'7) ca lcu lated: 71'51 % C, 10'16% H; 
fo und: 71' 32% C, 10'26% H. 

Reduction of 4-Thia-5-androstene-3 ,17-dione (XIII) with Tri-tert-but oxylithium Aluminum 
Hydride 

Tri-tert-butoxylithium aluminium hydride (90 mg) was added to a soluti on of9 3 mg of compound 
XIII in 1 ml of tetrahydrofuran at O°C and under sti rring. After 15 min the mi xt ure was deco m
posed by pouring it into a saturated solution of sodi um potassium sulfate and the product was 
extracted with chloroform. Chromatography of the extract on silica gel thin layers (with 50% ether 
in benzene, detection with morin) afforded the following product s (in order of increas ing pola r
ity) : Starting compound XIII (31 mg). 3a-Hydroxy-4-thia-5-androsten-17-one (XXVIII, 19 mg), 
m.p. 187- 190°C (acetone), [0:16° + 45° (c 0'8). JR spectrum (C HCI): I 740 (cyciopentane system), 
3 598 and 1 065 (OH) and 1 635 (C= C) cm - J; mass spectrum: M ; = 306111/z. 17p-Hydroxy
-4-thia-5-androsten-3-one (XXX, 32 mg), b.p . I63- 164'5°C (aceto ne ), [0:16° - 162° (c 0'8). IR 
spectrum (CHCI 3) : I 665 (C= O), 1 635 (C= C), 3 615, 1 075, 1 021 (OH) cm - 1 . Mass spectrum: 
M: = 306111/z. 4-Thia-5-androstene-3a,I7p-diol (XXIX, 8 mg), m.p. 178- 181 °C. IR spectrum 
(CHCI 3 ) : 3 610, 1 020 (OH), 1 634 (C= C) cm - J • 

3a-Methoxy-4-thia-5-cholestene (X I Xc) 

Five drops of a hydrochloric acid (1 drop) solution in methanol (I ml) were added to a solution 
of 60 mg of a mixture of hydroxy derivatives XIXa and XIXb in 5 ml of methanol and the mixture 
was allowed to stand for 3 h. It was then cooled and the crystallized product (42 mg) was filtered 
off under suction and washed with methanol. From the mother liquors a further product was 
obtained (10 mg). M.p. I04 - 109°C and then again at 115 - 1I 6°C [0:16° + 26° (c 0'9) . IR spec
trum: 2830, 1 097 (OCH3), 1 634 (C=C) cm -1 . 1 H NMR spectrum: 0'68 (s, 3 H, I8-H), 0·85 
(d , J = Hz, 6 H , 26,27-H), 1·24 (s, 3 H, 19-H), 3· 38 (s, 3 H, OCH3), 4·28 (dd, J = 3 and 3 Hz, 
1 H, 3-H), 5·82 (bd, J= 4 and 2·5 Hz, 6-H) ppm. For C27 H460S (418'7) calculated: 77'45% C, 

11 ' 07% H ; found : 77-28% C, 10'99% H. 
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