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Abatraet-Cholestan-1Adiones as well as cholest-2en-1,4diones in the 5% and 58 series have been 

synthesized in several steps from la-hydroxy-5acholest2ene and 18hydroxy-58cholest-2ene. The 
conformation of ring A in these compounds has been analysed by NMR solvent shifts. Equilibration 

studies have shown that the 1,4diones are more stable with rings A/B in the cis arrangement. In the case 

of the unsaturated 1,4diones, epimerixation of the Sa-isomer takes place to an extent of 95%. The 
increased stability of the cir A/B system is attributed to a decrease of the nonbonded interaction of the l- 

carbonyl with the 1 la-H. The thioketalization of some of the above ketones has also been investigated; 4- 
tbioketals in the 58 series have been obtained and their behaviour in acidic conditions studied. 

IN THE course of our studies on the stereochemistry of withaferin A (I), a steroidal 
lactone isolated from the leaves of With&u somniferu (Solanaceae), an unseparable 
mixture (3:7 ratio) of C-5 epimeric 1,4-diketones (II) has been obtained by base 
treatment of the corresponding enol-acetate (III), or alternatively by zinc reduction in 
mild acidic conditions of the enone (IV).‘- The configuration at C-5 of the two 
constituents of the mixture (II) of diketones has been studied by NMR solvent shifts 
measurements (Aca, ) cnc’3 Id leading to the conclusion that the major component has a cis 
A/B rings stereochemistryt. The predominant formation, under equilibrating conditions 
of a steroidal 1Adione in the 5lSseries, in contrast with the known smooth epimeriza- 
tion of steroidal 4-ones from the A/B cis to the trans series,2 prompted us to investigate 
the problem of the relative stabilities of 1Pdioxo steroids. 
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Extensive studies perfomed in the decaline series have shown that equilibration of cis- 
decaline at high temperature30 and in the presence of a Pd catalyst3* leads to the 
formation in high yield of the transdecaline, in agreement with the lower enthalpy of the 
latter’. This tendency of isomerization is even stronger with 1 decalones, the equilibrium 

l Preliminary reports of this work have been presented at the 35th and the 38th Meetings of the Israel 
Chemical Societyi”** 

t Prof. E. R. H. Jones kindly informed us at the time that he and his collaborators have observed a similar 
behaviour with steroidal 1,6dioneP. 
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mixture containing at least 95’?, of the tram isomer.’ The energy difference is however 
considerably decreased after introduction of an angular Me, the cis and tram 9- 
methyldecalones being of comparable stability (-55% trun~)~. The same tendency is 
maintained with the decalones, the equilibrium mixture of the two 9-methyl- 1 decalones 
(V) obtained by heating at 250’ over a Pd catalyst, contained the cLs and truns isomers in 
a 6.4 ratio;“’ the IO-methyl-ldecalones (VI) require milder conditions of equilibration . 
since the CO is next to the epimerizable centre, and the equilibrium mixture contained 
the cixtrans isomers in a 4:6 ratio.‘* The energy ditferences calculated for decalones are 
in good agreement with the relative stability values determined experimentally, except 
for the pair of lo-methyl-ldecalones (VI), in which the energy calculated for the cis 
isomer was slightly lower than that of the truns isomer.’ This system (VI) is actually 
present in the steroidal 4-ones and 6-ones, however, there is an extremely large difference 
of stability between the corresponding bicyclic and tetracyclic ketones.9 The cis steroidal 
ketones are converted to an extent of 99% (4-ones) and 88% (6-ones) to the correspond- 
ing mans stereoisomers in mild equilibrating conditions. In both cases the free energies 
for the isomerization of the cis to the n-an.9 steroids are in agreement with the 
experimental values? This drastic change in stability from the bicyclic to the tetracyclic 
ketones has been attributed to the additional rings favoring the fruns arrangement for 
the A/B system’*. 

Although, with the bicyclic 1Pdiones the truns isomers may be expected to be less 
stable than the cis counterparts due to additional nonbonded interactions of the CO 
groups, lo the cisdecalin-1,4dione (VII) can smoothly be isomer&d in various 
conditions.” In the case of the cis decalindione VIII, the extent of alkali induced 
isomerization is 88%.““ In the octaline series, compound IX has been converted by 
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alkaline treatment to the truns stereoisomer in 9 1% yield, whereas in similar conditions 
compound X gave only a low yield (20%) of the tram counterpart, no explanation being, 
however, advanced for this contradictory behavior.i2 In a bicyclic enedione (with an 
angular Me group) such as the hexaline derivative XI obtained in an early step of the 
Harvard total steroid synthesis, equilibration of the cis isomer in alkaline conditions 
yielded comparable amounts of the Zrans isomer, the conversion being almost complete 
only in conditions under which the latter stereoisomer could be induced to crystallize out 
of the reaction mixture.” 
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In the tricyclic series compound XIIa (cis-anti-k configuration) has been isomerised 
in basic conditions to an extent of -67% to the frwrs-syn-Zruns compound XIIb”, 
whereas in acid medium 40% of XIIb has been obtained.“* 

XIII 

In the steroid series, with the exception of the mixture of 1,4diones (II) described 
earlier,’ compound XIII is to our knowledge the only steroidal 1,4dione obtained so far 
during a sequence of reactions directed towards the structure elucidation of kitigenine.” 
This compound XIII, obtained by hydrolysis of the corresponding 4-enol acetate on 
alumina (i.e. in equilibrating conditions), was assigned a 5a configuration,” however no 
proof has been advanced to support this assignment, which is not in agreement with our 
results for similar systems (vide infra). 

In order to study the relative stabilities of steroidal 1Pdiones and the correspond- 
ing enediones, procedures for the preparation of the pure stereoisomers in the choles- 
tane series have been devised. The sequence of reactions designed for the preparation 
of Sacholestan-1,4dione (XVII) and the A2-1,4dione (XVIII) starts with the allylic 
oxidation ofthe known la-acetoxy-cholest-2-ene XIVb which in turn has been prepared 
by the hydrazine hydrate reduction procedure l6 of la,2r-epoxy-5acholestan-3-one. 
and the subsequent acetylation of the corresponding allylic alcohol.” 
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The only satisfactory procedure for the introduction of a CO at C-4 proved to be 
allylic oxidation of XIVb with sodium chromate,‘* leading to XVb in -30% yield. Other 
agents known to perform allylic oxidation, such as selenium dioxide, gave complex and 
unseparable mixtures of products, while mercuric acetate, chromic acid in acetic acid 
solution and t-butyl chromate, left the starting material unreacted. Compound XVb 
displayed in the NMR spectrum a characteristic ABX pattern reminiscent of that 
featured by steroids possessing the reverse substitution pattern in ring A (4@acetoxy-A*- 
l-one, the 4 substituent being axial oriented), well known from our studies on the 
withanolidesL. The two vinylic hydrogen atoms at C-2 and C-3 exhibited a double 
doublet centered at b 6.87 (J = 10 and 5.5 Hz) and a doublet at b 6.05 (J = 10 Hz) 
respectively, whereas the quasiequatorial hydrogen at C-l gave rise to a doublet 
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(J = 5.5 Hz) at S 5.15. The structure assigned to XVb was supported by its UV 
absorption band, L,, 213 nm (E 9900) as well as by the IR absorption in the CO region, 
v,, 1730 and 1683 cm-‘, and by the molr wt of the compound determined by mass 
spectrometry. Further reactions performed on XVb, in the sequence directed towards 
the diketones XVII and XVIII, constituted also a well documented support for the 
structure of XVb. Catalytic hydrogenation of the latter proceeded smoothly to give a 
quantitative yield of the saturated la-acetoxy-4-one derivative XVIb, which did not 
exhibit the signals of the two vinylic protons present in XV but displayed a narrow triplet 
for the 1-H (6 5.07), confirming thereby the axial orientation of the adjacent acetate. 
Hydrolysis of the acetate function producing XVIa, followed by the smooth oxidation of 
the OH group (Jones methodi9) afforded almost quantitatively the crystalline diketone 
XVII. Conversely, mild hydrolysis of the acetate group in XVb yielded the correspond- 
ing allylic alcohol XVa, characterized by the expected shift of the 1-H from 6 5.15 in 
XVb to S 4.07 in XVa. The oxidation of XVa to XVIII was again performed with Jones’ 
reagent. The use of manganese dioxide which oxidized in excellent yield a 4-hydroxy-A*- 
l-one derivative to the corresponding enedione Lc, 1eR compound XVa largely unaffected. 
Mention may be made that attempted oxidation of the allylic alcohol XIVa with either 
manganese dioxide*O or dichlorodicyanoquinone20* *I failed to yield the corresponding 
enone, showing that the 1-hydroxy-A* system in steroids does not exhibit the typical 
behaviour of an allylic system. 

The next task was to devise a rather similar set of reactions leading to the 1,4dione 
and the corresponding enedione in the 5gseries. Epoxidation of cholesta-1,4,6-trien-3- 
one to the la,2aepoxide XIX followed by catalytic hydrogenation of the latter 
according to Pelc2h afforded the la-hydroxy-5j3cholestan3-one (XXa) which was then 
dehydrated to 58-cholest-len-3-one (XXI) in an overall yield of 45% (calculated on 
the trienone). 

The 1-H in XXa gave rise to a double doublet at 6 3.5 7 and 3.70 with almost equal 
coupling constants (-8 Hz). The configuration at C- 1 and C-5 in XXa was determined 
by reduction of the corresponding tosyl-hydrazone (XXb) with sodium borohydride to 
la-hydroxy-58-cholestane (XXIIa), according to the procedure used for related 
systems230. Although neither XXIIa, nor the acetate XXIIb could be induced to 
crystallize, the equatorial orientation of the hydroxyl group at C- 1 was confirmed by the 
NMR pattern of the adjacent hydrogen, multiplet at 6 3.33 (XXIIa) and 4.57 (XXIIb). 
This configurational assignment was supported by comparison with the epimeric lj3- 
acetoxy-58-cholestane XXVIIa, which exhibited a narrow triplet at S 5.05 for the l-H, in 
agreement with its equatorial orientation. Oxidation of both XXIIa and XXVIIa 
afforded the same monoketone identified as 5g-cholestanl-one (XXIII) by its strong 
negative Cotton effect= and by the slightly negative solvent shift <A:?,‘) -7 Hz) 
experienced by the C- 10 methyl, as expected for a steroidal l-one in the 58 series.ld’ *’ 

It is noteworthy to compare now the behaviour of the two hydroxy-ketones XXa and 
XXXII in the reaction with tosyl-hydrazine. Whereas XXa (C-l OH equatorial) 
afforded the corresponding tosyl-hydrazone (XXb) without any difficulty, compound 
XXX11 (C-l OH axial, prepared by catalytic hydrogenation of la,2aepoxy-5a- 
cholestan-3-one), afforded in similar conditions the unsaturated tosyl-hydrazone 
xXx111, the OH group being eliminated during the reaction of the carbonyl at position 
3. The structure of XXX111 was substantiated by the analysis of its NMR spectrum 
featuring the characteristic AA’BB’ pattern of the four aromatic protons, doublets 
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centered at 6 7.29 and 7.87 (J= 8 hz), an AI3 pattern for the vinylic 1-H and 2-H, 
doublets at b 5.95 and 6.42 (J = 10 Hz) and a three proton singlet at 6 240 for the 
aromatic methyl group. This structure was confirmed by direct comparison with the 
corresponding tosyl-hydrazone of 5a-cholest-len-30ne.*3b Furthermore, the tosyl- 
hydrazone moiety in XXXIII could not be cleaved by reduction with sodium borohy- 
dride in contrast with the smooth reduction of this group in the saturated tosyl- 
hydrazone XXb. 

Elimination of the 1 a-OH in XXa could be performed in acidic conditions leading to 
the enone XXI in quantitative yield. This compound has been previously obtained in 
poor yield as byproduct in various reactions.26 

Epoxidation of XXI with alkaline hydrogen peroxide afforded the 1 g,2@poxy-5g- 
cholestan-3one (XXIV) characterized by the NMR signals of the two epoxidic protons, 
two sets of doublets at 6 3.47 and 3.30 (J = 4 Hz). The g orientation of the epoxide ring 
was confirmed by catalytic hydrogenation to the hydroxy-ketone XXV possessing the 
1 g-OH axial oriented (NMR signal of the adjacent I-H, narrow triplet at 6 4.18). The 
axial orientation of the OH group in XXV was further confirmed by its smooth 
dehydration over neutral alumina to reform the enone XXI, in contrast to the epimeric 
hydroxy-ketone XXa (equatorial la-OH) which could be securely chromatographed 
under similar conditions, no trace of elimination product being detected. 

The allylic alcohol XXVIa which was obtained by the hydrazinc hydrate reduction16 
of the epoxy-ketone XXIV was characterized by two sets of NMR signals, a doublet 
(J = 3.0 Hz) at b 3.87 for the 1-H (shifted downfield at 6 5.16 in the corresponding 
acetate XXVIb) and a narrow multiplet at S 5.88 for the two vinylic protons. The 
structure of XXVIa was substantiated by catalytic hydrogenation to 1 l3-hydroxy-5 g- 
cholestane (XXVIIa) and by direct oxidation (chromium trioxide in pyridine2’) to Sg- 
choleet-2en-lone (XXVIII). The oxidation at position 4 in XXVIb was again 
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attempted by the sodium chromate procedure” resulting in the 4-one derivative XXIX. 
As expected, the crude compound obtained in this reaction could not be purified by 
chromatography on alumina due to rapid isomerisation at C-5; for the same reasons the 
sequences XVb+XVa+XVIII and XVb+XVIb+XVIa+XVII performed in the 5a 
series could not be used in the 5B series. Attempted alkaline hydrolysis of the acetate 
function in XXIX led to mixtures of 5a and 5f epimers. Compound XXIX could be 
obtained, however, in pure form for characterisation purposes by chromatography on 
silicagel; it showed the expected absorption band in the ultraviolet, Arnu 220 nm (8 
9800) and three sets of signals in the NMR spectrum, doublet at 6 5.36 (J = 6 Hz) for 
the l-H, double doublet at S 6.90 (J= 10 and 6 Hz) for the 2-H and doublet at 6 6.11 
(J = 10 Hz) for the 3-H, paralleling the corresponding set of signals in XVb. 

To overcome the tendency of epimerixation at C-5, it was thought to change the 
symmetry of the C-4 atom from trigonal to tetrahedral by reduction of the CO to an 
alcohol, thus enabling the hydrolysis of the l-acetate without affecting the stereochem- 
istry at C-5. The hydride reduction of XXIX (NaBH, as well as LAH) proceeded, 
however, with the quantitative reduction of the double bond* leading (in the case of LAH 
as reducing agent) to the crystalline saturated diaxial diol, llI, 4adihydroxy-5p 
cholestane (XXXa) characterized together with its diacetate XXXb. The two equatorial 
H atoms adjacent to the respective acetate groups showed the expected multiplicity, two 
overlapped narrow signals at 6 5.2 1. The LAH reduction was thereafter performed on 
the crude product obtained following allylic oxidation of XXVIb, leading to an overall 
yield of 23% of XXXa (calculated on XXVIb). Oxidation of this diol led to a 1,4dione 
XXXI ditferent from XVII as shown by inspection of their NMR spectra (signals of the 
C-10 Me at 6 1.09 and 1.25 respectively). Since the 2-3 double bond was reduced, the 
enedione in the 5lI series could not be obtained by an independent way, but only 
following epimerisation of the Saenedione (XVIII). 

The 1,4diones XVII and XXX1 yielded by equilibration (over neutral, acidic or basic 
alumina, as well as by use of a dilute solution of potassium hydroxide in methanol) the 
same crystalline mixture in a ratio of -3:7 (5a:5fl), as evaluated from the relative 
intensities of the signals of the C- 10 Me groups. The conversion of the enedione XVIII 
(5a) into the epimeric enedione XXXIV (5fl) proceeded in similar conditions to an 
extent of -95%. The two equivalent vinylic protons in XVIII gave rise to a singlet at 6 
6.62, whereas in XXXIV the protons were equivalent as well, but their signal was at 6 
6.66. A corresponding shift could be noted in the position of the C- 10 Me, from 6 1 - 18 
in XVIII to d 1.3 1 in XXXIV. Alternatively, the enedione XVIII could be reached in 

rather poor yield by direct allylic oxidation with sodium chromate of the known= 
5acholest-2en-l-one (XXXV). The crude product shows the signal of the two vinylic 

l This reaction is in complete contrast with the hydride reduction of XVC; the problem will be discuaaed 
in a forthcoming publication. 
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protons at the same position as XVIII, however, epimerisation to XXXIV occurs during 
chromatography, the above signal being displaced to 6 6.66. 

In view of these results, the 5a stereochemistry attributed’J to the enedione XIII 
obtained by hydrolysis of an en01 acetate on alumina seems highly improbable. 

The solvent shift measured for the C- 10 Me in XXXI (Table) fits the value calculated 
by summation of the shifts in 5~cholest.a~lone (XXIII) and 5g-cholestan4-one 
(XXXIX); concerning the corresponding shift in XVII, there is a difference of 4.5 Hz 
between the experimental value and that calculated by summation of the shifts in 5a- 
cholestan-lone (XLIII) and 5acholestan4-one (XXXVIII). Agreement between the 
calculated and the measured solvent shifts implies that in the two diketones XVII and 
XXX1 ring A possesses a chair conformation as the corresponding monoketones. 
Although the chair conformation of ring A is well documented only for Sa-cholestan- l- 
oneB and for the 3ones M, there are no data to su pp ort a different conformation in the 4- 
ones and the 5 g-l-one. The small difference between the calculated and measured value 
for the Sadiketone (XVII) may well reflect a slight distortion of ring A from the chair 
conformation. The solvent shifts of the C-10 Me in the enediones XVIII and XXXIV 
in perfect agreement with the values deduced from additivity considerations. Subtraction 
of the solvent shift of XIVb from XVb yields the contribution of a 4-one in a system 
having an sp2 hybridized 2-3 bond. The obtained value added to that of XXXV leads to 
the same value as measured in the enedione XVIII (19 Hz); similarly, subtraction of the 
solvent shifts of XXVIb from XXIX and adding the obtained value to the shift of 
XXVIII gives 10 Hz, as measured for the enedione XXXIV. 

TABLE 1. CHEMICAL AND SOLVENT SHIFTS OF 19-PROTONS 

Compound Cholestxne derivative 19-H signal CDCI, 
@pm) (6) AGH, 

CDW C& Ppm HZ 

XIVb (SatA’-1aOAc 0.78 0.70 +0.08 +s.o 
XVb (Sa)A’-laOAc-hne 0.90 0.65 +0.25 + 15.0 
XVII (5a)_l&dione 1.09 0.79 +0.30 +18.0 
XVIII (5a)A*-l&Gone 1.18 0.86 +0.32 + 19.0 
XXIII (Sg>l-one 1.13 1.25 -0.12 -7.0 
XXVIb (5f3>A’-l~Ac 0.99 1.01 -0.02 -1.0 
XXVIII (5fQ-A’-lane 1.18 1.24 -0.06 -3.5 

(S fl)-A’- 1 fOAc4one 1.15 0.94 +0.21 + 12.5 
XXX1 (Sg> 1,4dione 1.25 1.15 +o. 10 +6.0 

(5fl)A’- 1,rldione 1.32 1.15 +o. 17 + 10.0 
XXXV (5a)-AZ-l-one 1.05 0.90 +o* 15 +9-o 
XXXVIII (5at4-one” 0.74 0.61 +o* 13 +7*5 
XXXIX (5~>4-one” 1.12 0.89 +0.23 + 14.0 
XLIII (5ahl-one 1.14 0.89 +0.25 + 15.0. 

l Reported3’ + 18.0Hz. Inthexdditivity calculations.the + 15.0Hzvah.ha.q bum &. 

With the pure 1Pdiones XVII and XXXI prepared, the thioketalisation experiments 
previously performed lo*= on the mixture of diketones II were reinvestigated. 

The reaction of XVII with ethanedithiol in presence of boron tritluoride proceeded at 
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a fast rate to yield the bisdithioketal XXXVI in practically quantitative yield, The 5a- 
configuration in this compound was ascertained by hydrogenolysis over Raney Ni to 5a- 
cholestane. When submitted to the same reaction conditions the 1Adiketone XXX1 
yielded mainly the 5 8 mono-dithioketal XXXVII (84%). The behaviour of XXXI is in 
contrast with that of 5 8-cholestan4-one (XXXIX) which leads to a dithioketal in the 5 a 
series&. 

SE \ 
XVII - CD- 

S SH 
I XXXVI I XXXVII 

I 

(J-p_ f$J_ p& pJlxxnb 
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Compound XXXVII was characterized by desulfurization with Raney Ni to 58- 
cholestan- l-one (XXIII). The derivatization of the I-CO in XXXVII with ethanedithiol 
and boron trilluoride proceeded at a much slower rate to yield again, as it has been 
already observed in the withanolide series, Iale a bisdithioketal identical with XXXVI, 
i.e., in the Sa-series. When compound XXXVII was treated, however, with boron 
trifluoride only, no epimerization occured, the l-CO stabilising the ch A/B system. The 
formation of the same 5a4dithioketal from both 5a and 5 &cholestan-4-one (XXXVIII 
and XXXIX) is explained” by a common intermediate; it is noteworthy that boron 
trilluoride alone does not epimerize the 5b4-one. 

In the conversion of XXXVII to XXXVI, the epimerization at C-5 takes place, 
however, with a compound in which the dithioketal ring is already closed. To rationalise 
these results, it may be assumed that the reaction proceeds in two steps: (a) thioketzdiza- 
tion of the 1-carbonyl, i.e. a change in the hydridization of C-l from sp* to sp3; (b) 

@- [p> - p 

XXXVIII 

\ CD 
OH 
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opening and reclosing of the 4dithioketal in the presence of boron trilluoride, leading to 
a 5a derivative (XXXVI), now favoured since C-l is sp’ hybridized. In order to check 
such an assumption, a 584dithioketal with an sp’ hybridized C-l was required. Since 
such a compound could not be prepared by the direct thioketalixation of a 584- 
ketosteroid,h it has been obtained by stereoselective reduction with sodium borohydride 
of the CO function in XXXVII and subsequent acetylation (XLb). The a orientation 
assigned to the C- 1 OAc in the latter is based on the NMR signal of the adjacent proton 
(multiple& S 4.58). The stereochemistry at C-5 was the same as in the starting ketone 
XXXVII, as shown by desulfurixation with Raney Ni, yielding la-acetoxy-5@choles- 
tane (XXIIb). Upon treatment with boron tritluoride, overnight at room temperature, 
XLb was quantitatively epimerised at C-5 yielding a compound identical with XLIb, 
obtained in turn by treatment of la-hydroxy-5acholestan-4one (XVIa) with ethanedi- 
thiol, and subsequent acetylation. The configurational change of the la-acetoxy 
substituent (XLb+XLIb) was clearly illustrated by the signal of the adjacent proton in 
each of these compounds: broad multiplet in the former (b 4.58) and narrow triplet in the 
latter (b 4.41). These experiments substantiate the increased stability of the cis A/B 
system in presence of a l-CO. In this connection it seemed interesting to find out whether 
a I-keto4dithioketal in the truns A/B series would be epimerixed at C-5 in presence of 
an acidic reagent. Such a compound XL11 has been prepared by oxidation with 
chromium trioxide-pyridine complex2’ of the C- 1 OH in XLIa. The Sa-stereochemistry 
of XL11 was proven by the positive solvent shift (A$F,‘j + 2-O Hz) of the C-10 Me,* as 
well as by desulfmimtion to the known * Sa-cholestan-lone (XLIII). Exposure of 
XL11 to various reagents (boron trilluoride, toluene-p-sulphonic acid, acid alumina) 
failed, however, to bring about any inversion at C-5. 

The reactions describing the behaviour of the 1,4diones and the corresponding 
enediones lead to the conclusion that there is a tremendous increase in the relative 
stability of the A/B cis as compared to the trms junction in such systems. These results 
show that a CO group at C- 1 renders the cis A/B rings system more stable than the frans. 
A directing effect of a I-keto group has been also observed33 in the reduction of a 5,6- 
double bond, leading predominantly to a cis A/B system. The increased stability of the 
cis A/B system in the related steroidal 1,ddiones series has been explained by Jones et 
aL3* by a decrease of the non bonded repulsive interactions which exist in the 5a series 
between the l-CO and the a hydrogen at C- 11. The non-bonded repulsion between the l- 
keto group and the 1 la-hydrogen in the Sa-series seems more likely than the intramole- 
cular hydrogen bridge between the same atoms, which was proposed in order to explain 
the stability of the keto form of 5a-cholestan-l,3dione.35 A recent alternative explana- 
tion for the impediment of enolixation of the above 1,3dione is that it may be due to a 
long-range effect of the side chain.36 

EXPERIMENTAL 

M.ps were determined with a Fisher-Johns appamms and are uncorrected. Dptical rotations were 
recorded with an automatic Perkin-Elmer 14 1 polarimeta and refer to CHCl, solns. Spectra were recorded 
on a Cary 14 spcctrophotometa with EtOH solns (UV), a Perk&Elmer Infracord 137 with CHCl, solns 
(IR) and a Varian A-60 spectrometer with CDCI, solns (NMR) The ORD measurements were done on a 

l The contribution of the l-CO to the solvent shift of the C-10 Me in XLIJ has been obtained by 
subtraction of the solvent shift of 5acholestan-4dithioketa13z (A=?$$ -9.0 Hz) from that of XLII. This 
contribution istherefore + 1 l.OHx, inaccqtableagreementwiththevalue measureddirectlyon Sa-choltatan- 
lane (+ 15.0 Hz). 
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Jaaco model ORD/UV-5 instrument Microanalyses were carried out in the microanalytical laboratory of 
our lnstitutc unda the dircctkm of Mr. R Hcllcr. Molr Wts wcm dcterm&d with an Atlas CH4 mass 
spectrometer. TLC was done on chromatoplatea of silicagel G (Merck) and spots were developed with I, 
vapour. For the chromatography. neutral Woebn alumina activity lfl was used, unless otherwise specified. 

la-ke~~-SachokscSr-2-en4one (XVb). To a soln of XfVb” (2.0 g) in AcOH (30 ml) and AC@ (15 
ml), rmhyd sodium chromate (3 -0 g) was added and the ramlthtg soln was nllowed to stand overnight at 50’. 
Water was that sddcd and the product utrectcd with ether. washed with water and NaHCO,aq. d&d over 
Na,SO., and evaporated under reduced press to an oil which was chromatographed on alumina Elution 
with hcxane-ether (95 :05) gave some unreacted starting material (110 mg), followed by a white crystalline 
product (600 mg. 33%), rcqxtahizcd from MeOH, m.p. 89-90”; [a)n + 178’ (c l-0); v, 1730 and 1683 
cm-‘; 1, 213 nm (8 99OO);NMR: d 6.87 (2-H.d. d.,J = lO.Oand 5.5 Hz), 6.05 (3-H,d., J = lO.OHx), 
5.15 (1-H. d., J = 5.5 Hz). 2.10 (la_OAc, s.9,090 (19-H. 8.) andO. (l&H, 8.) (Found: C. 78.92;H. 
10.34; M 442; C&&s nquircs: C, 78.68; H, 10.47%; M. wt. 442.6). 

la-Acerow5a-ckxS?st4one (XVfb). Compound XVb (500 mg) in EtOH (55 ml) was hydrogenated 
at room tcmp and atmic press over 10% W-C. When the H2 uptake ceased, the sohr was fihcrcd, the solvent 
removed and the product recrystallixed from MeGH (450 mg. 89%) m.p. 93-95’; [a]n +52-5’ (e O-6), 
v,,,_ 1727 (shoulder) and 1706 cm-‘; NMR: d 507 (1-H narrow trl 216 (la-GAc, s), 091 (19-H s) and 
064 (18-H, s). (Found: C, 78.21; H, 10.95; M 444; &H,,G, requires: C, 78.32; H, 10.88%; M. wt. 
444.6). 

la-If@fuxv-5acho&?sr4one (XVJa). To a soln of XVIb (500 mg) in MeGH (60 ml). a 2% 
methanohc KOH (60 ml) was added; after h 16 hr at room temp. the sobr was neutralized with dil HCI and 
most of the solvent removed. Wetor was a&d, the ppt ffltcrcd off, washed with water and recrystallized 
from McOH (430 mg, 95%). Two recrystallir.ations from the same solvent atTordcd the analytical sample, 
m.p. 188-190’; [a]n +45’ (c 1-O); v, 1700cm-‘;NMR:6390(1-H,narrowtr.),0.91(19-H,s)and0.66 
(18-H. 8). (Found: C, 80.24; H, 11.39; M+ 402; C&I,& C, 80.54; H, 11.52%; M. wt. 402.6). 

Sa-Ckolesran-1,4-&w (XVII) A sohr of XVla (10 g) in acctonc (170 ml) was treated with Jones 
reagcnt’9 for 20 min at 10’. The excess of oxidizing reagent was destroyed with McOH and moat of the 
solvent rcmovcd under reduced press. The product was extracted with ether, washed with water. dried over 
Na$O, and the solvent removed. Crystallixation from MeGH yiefded XVII (930 mg.93%), M.p. 13 l- 
l320;Ial, +43O (c 1.0); vmp 1703cm-‘;NMR:d l-09(19-H,s)and0.66(18-H,s).(Found:C,80.68;H, 
10.96; M* 400; C,,H,,O, requires: C. 80.94; H, 11.07%; M. wt. 400.6). 

la-Hydro~-5a-cholcsI-2-en-4one (XVa). To a methanolic soln (60 ml) of XVb (250 mg), 5% 
methanolic RHCO, (60 ml) was added and the mixture left overnight at room temp. Following neutralize- 
tion with dil HCl most of the @vent was removed and the product extracted with ether, washed with water, 
dried and evaporated to dryness The residue was chromatographed on alumina; elution with hexane-ether 
6:4 gave XVa (137 mg 60%), recrystallized From MeGH, m.p. 198-200’; la), +87’ (c 1-O); v, 1675 
cm-‘; A,, 215 nm ((I 7800);NMR: 6 6.85 (2-H, dd.. J = 10.0 and 5.5 Hz), 5.96 (3-H,d, J = 10.0 Hz), 
4.07 (I-H, d., J = 5.5 Hz), 0.91 (19-H, s) and 0.67 (18-H, s). (Found: C, 80.72; H, 11.13; M* 400; 
C,,H,,O, requires: C. 80.94; H, 11.07%; M. wt. 400.6). 

Sa-Cholest-2en-1,4dione (XVIH). A solution of XVa (250 mg) in acetone (25 ml) was treated with 
Jones reagent” for 10 mitt at 10’. Following the usual work-up, the product (237 mg, 95%) which showed 
one spot onTLC.wasrecrystaUixed 3 timesfiom MeOHtoyieldlong, yellowishneedles,m.p. lOe109~5”; 
[al, +15.5’ (~0.92); v_ 1677 cm-$1, 226 (8 10,700); NMR: d 6.62 (2-H and 3-H. s), 1.18 (19-H, s) 
and0.68 (l&H,s). (Found:C, 81.49;H, 10.76;M 398;C,,H,,O,rquires:C, 81.35;H, 10.68%M.wt. 
398.6). 

Preparation of cholesta-1,4,6-trien-3-one. This compound” can be prepared by dehydrogenation with 
DDQ of cholesta-4,6dikn-3-one, choler&-5en-3-one or dire&y from choleaterol.“Cholesta-4&-dien-30ne 
was pmpared in our experiment by the dehydrobromination (CaCO,dimethyl acetamide)‘9 of 6~bromo- 
cholest-4-en-3one. In a typical run 6gbromocholest4en3one~ (8.0 g) was added in small portions to a 
boilingsuspensionofCaCO,powder (6.4g)inN~~imethylacctamide(80ml)endthemixturcwasbeated 
to reflux with stirriig for 15 min. After cooling ether was added, the soln was tiltered, wasbed with dil HCl 
and water, dried and evaporakd under reduced press leaving a yeUow oil, homogeneous on TLC ; yield from 
6.0 to 6.3 g @O-95%). The crude cholesta4,6dien-3-one thereby obtained was suitable for dehydrogena- 
tiou with DDQ. The product was &ystallixed from methanol and compared with an authentic sample.” 

la3a_Epoxy~olsto_4,6d~-3~~ (XIX). A soln of choler&a-1,4,6-trien-3one (1.0 g) in MeGH (35 
ml) was treated with laD/, methanolic NaOH (025 ml) and 3@/” H201 (16 ml) and left overnight at room 
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H and 3-H, narrow m.), 5.16 (l-H, m). 2.01 (IgOAc, 8). 0.99 (19-H, s) and 0.65 (18-H, s). (Found: C, 
81.13; H, 11.31; M’ 428; t&H,&, requires: C. 81.25; H, 11.29% M. wt. 428.6). 

5@Ch&stan- 1 i?-oJ (XXVIIa). Compound XXVIa (200 mg) in cyclohexane (15 ml) was hydrogenated 
over 10% Pd-C (150 mg). When the HI absorption ceased, the catalyst was t&red off and the solvent was 
removed leaving a colourleas oil (150 mg, 74%) homogeneous on TLC, which could nat be induced to 
crystallize; NMR: 6 3.80 (I-H, narrow tr), l-05 (19-H. s), and O-65 (18-H. s). The acetate (XXVIIb) was 
obtainedin 79%yield byacetylation ofXXVIIafor 48hratroomtcmpwithAo,Oinpyridinc;~stalliztd 
from MeGH. mp 100-101”; [a& - 11.0” (c 10x v,, 1706and 125Ocm-‘;NMR:6505(1-H,Narrowtr), 
2.05 (Ig-GAc, s), 0.94 (19-H. s) and 0.65 (18-H, s). (Found: C, 80.90; H, 11.50; M’ 430; C&I,O, 
rquires: C, 80.87; H, 11.70%; M. wt. 430.6). 

5j3-Cholesf-2-en-l-one (XXVIII). To an ice cold slurry of 00, (150 mg) in pyridmc (3 ml), a soln of 
XXVIa ( 100 mg) in pyridine (4 ml) was added and stirred for 30 min in the ice bath, then overnight at room 
temp. Water was added, the product extracted with ether, washed with dil HCl and with water until neutral, 
then dried. The solvent was removed and the slightly yellowish residue chromatographed on alumina, 
elution with hexanbaher 9.59.5 gave pure XXVIIJ (81 mg, 82%). recrystallixed from MeGH, m.p. 
99. 100°; [al, -39.5O (c 1.0); v, 1661 cm-‘; 1,223 nm (e 8200); NMR: b 6.87 (3-H, d.q.,J,, = 10 
Hz), 5.94 (2-H.narrowd.q.,/,, = 10Hz),1.18(19-H,s)and0.65(18-H,s).(Found:C,83.78;H,11.49; 
M* 384; C,&O rquirea: C, 84.31; H, 11.53%;M. wt. 384.6). 

Catalytic hydrogenation of 5 khokst -2-m- lane (XXVIII). Compound XXVIII (50 mg) in cyclohe- 
xane (25 ml) was hydrogenated over 5% Pd-C (50 mg). When the H, absorption ceased, the solvent was 
removed leaving a colourless oil (48 mg, 96%). homogeneous on TLC, which recrystallized from MeGH; it 
was fotmd identical with XXIII. 

lgA~r~-5gcholesr-2-en4-one (XXD(). The oxidation of XXVIb (500 mg) in AcGH (30 ml) and 
A@ (15 ml) with anhyd sodium chromate (l-0 g) was performed as described for XIVb-+XVb. The crude 
product was chromatographed on silicagel (Merck); elution with hexane-ether 9:1 gave crystalline 
XXIX (200 mg, 30%), recrystallixed from MeGH, m.p. 97-98’; [a]n -140’ (c 1-O); v, i736,1672 and 
1250cm-l;l, 22Onm (s 980O),NMR: 66.90 (2-H,d.d.,J = lO.Oand6.0Hz),6.11(3-H,d.,/ = 10.0 
Hz),5.36(1-H,d.,l= 6.0Hz),2.07(1~0Ac,s)1.15(19-H,s)and0.66(18-H,s).(Found:C,78.89;H, 
10.65; M’ 442; C&I&, requires: C, 78.68; H, 10.47%; M. wt. 442.6). When the chromatography ofthe 
crude product was attemptad on alumina, a mixture of C,epimers was obtained. 

Sg-Choleston-lg,4a-dial (XXXa). A soln of XXIX (100 mg) in dry THF (10 ml) was added dropwue to a 
stirred slurry of LAH (120 mg) in dry THF (10 ml). and heated to reflux for 2.5 hr. The work up was done 
with EtOAc and a sat Na#O,aq. Following filtration and evaporation of the solvent, the residue was dis- 
solved in CHCI,, dried and the solvent removed. Chromatography on alumina (elution with hexane-ether 
7.5:2.5)gaveXXXa(69mg; 75x1 which crystallixed by trituration with Me0H.m.p. 158-159”; [a], + 14.5” 
(&a); NMR: 6 3.96 (1-H and 4-H. narrow signal, Wj 5.5 Hz), 1.20 (19-H s) and 064 (18-H. s). (Found: 
C, 8016; II, 11.70; C2,HdB01 requires: C, 8014; H, 11.96%). The &acetate (XXXb) was prepared by the 
usual method in 70% yield and recrystallixed from MeOH, m.p. 103-105”; [a], - 8”(c 1.0); v-1715, 1692 
and 1250 cm-‘; NMR: 6 5.21 (1-H and 4-H, two overlapping narrow tr), 2.12 (l&OAc and 4a-OAc. s), 
1.10 (19-H. s) and 064 (18-H. s). (Found: M+ 488; C,,H,,O, requires: M. wt 488.7). 

S~C/ro&srrm-l,4-dioue (XXXI). The diol XXXa (100 mg) in acetone (30 ml) soln was treated with 
Jones reagent” for 20 min at lo”. Following the usual work-up the dione XXXI was obtained and 
recrystallized from MeGH (75 mg, 76%). A second recrystallixation afforded an analytical sample, m.p. 
124125O; [a], -23’ (c 1.0; v_ 1706 cm-‘; NMR: 6 1.25 (19-H, s) and O-65 (18-H. s). (Found: C, 
80.82; H, 11.10; M’ 400; C,,H,O, requires: C, 80.94; H, 11.07%; M. wt 400.6). 

la-Hydrvxy-5achol&an-3-one (XXXII). lu,2a-Fpoxy-5acholestan-3one~ (250 mg) in THF (8 ml) 
and EtOH (4 ml) was overnight hydrogenated over 5% PdCaCO, (125 mg)2a. The crude product (245 
mg, 97%). homogeneous on TLC, recrystallixed from MeGH, m.p. 173-175’ (dec); [a],+43 (C l-0); v, 
1712cm~‘;NMR:64~15(1~nMowtr.),0~98(19-H)and0~68(18-H,s).(Found:C,80~61;H,11-63;M’ 
402; Cz,H,@, rquirea: C. 80.54; H, 11.52%; M. wt 402.6). 

5~Cholest-l-en-3-on-1osyl hydrorone @XXIII). The reaction was done with XXXII (100 mg) and 
tosyl-hydraxine (75 mg) in MeOH ( 15 ml) as described for XXIIa. Following the work up the crude product 
(97 mg, 71%), homogeneous on TLC, was recrystallized from MeGH; it was found identical with an 
authentic sample prepared bv the CULCtlOn of 5a-cholest-lcn-3-one with tosyl hydrazine? NMR: 6 7.87 
(d., J = 8.0 Hz) and 7.29 (6, I = 8.0 Hz) (4 aromatic protons), 6.42 (1-H. d., I = 10-O Hz), 5.95 (2-H, 
d., J = 10.0 Hz), 240 (aromatic Me, s), O-89 (19-H. s) sod 0.66 (18-H. s). 
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Equilibration eaprbnts 
(a) To a methanolic soln (15 ml) of XVII (50 me). 1.5% dha1101k KOH (7.5 ml) was added and the soln 

was allowed to stand overnight at room temp. After neutrahxation with dil HCl the product was extracted 
with ether. After removal of the solvent a mixture of the two epimeaic diketones (XVII and XXXI) was 
oMained; NMR: d 1.25 (19-H in XXXI, 8, stronger signal) and 1.09 (19-H in XVII, s, weaker signal). The 
integmted areas of these signals indicated a 3:7 ratio of XVII : XXXI. 

(b) Compounds XVII and XXXI (50 mg each) were separately stored over-night on an alumina column 
(20 g) in benxene. Similar mixturm of XVII and XXXI were obtained from each column, in the same ratio as 
above (according to NMR data). 

(c) Preparution of5@-cholcsr-2sl-l,4d&ne (XXXIV). Compound XVIII (50 mg) was stored overnight 
on alumina as described above. Caution with CHCI, gave a yellow crystalline product (47 mg); NMR: d 
l-31(19-Hforthe5Bepier,thesignalatd le18forthe 19-Hinthestartingmataialhaselmostcomplctcly 
disappeared), 6 6.66 (s. for the C-2 and C-3 vinylic protons in the 58-enedione XXXIV; the corresponding 
signal in the 5aumdiie XVIII appeared at 6.62). The ratio of the integmted areas is 95 :5 
(XXXIV :XVIII); three recrystallixations from MeOH afforded the pure XXXIV as yellow crystals, m.p. 
10~105°;[al, +59’(c l.O);v, 1677cm-$1, 227 nm (E 10,000); NMR: d 6.66 (2-H and 3-H. s), 1.3 I 
(19-H. s) and 0.65 (18-H, s). (Found: C, 81.46; H, 10.55; M’ 398; C2,H,x02 requires: C, 81.35; H, 
10.62%; hi. wt. 398.6). 

Altemative procedure for the preparation of the enedlones XVIII and XXXIV. Compound XXXV2’~2’ 
(300 mg) was oxidized with anhyd sodium chromate (400 mg) in AcOH (9 ml) and AC@ (4.5 ml) as 
described above for XVb. A mixture of unreacted starting material and XVIII was obtained (NMR and TLC 
evidence). The product was chromatogmphed on alumina; elution with hexane gave uureacted enone (70 
mg); further elution with hexane-etha (9.8 :0.2) yielded XXXIV (70 mg, 23%). (epimerixation ofthe 5a- 
isomer occurred on the column). 

Sa-Cholestmr-l,~&nc-biKrhylened~hiirhIokerol (XXXVI). To a suspension of XVII (500 mg) in ethan- 
edithiol(2 ml), BF, etherate (1 ml) was added. The diketone dissolved and the bisditbioketal precipitated in 
less than 1 min. After 30 min at room temp CHCI, was added, the excess reagent removed with dil NaOH aq 
and water. The crude product was chromatographed on alumina, it emerged with pentane (650 mg, 94%). 

Three recrystallimtions from CH2Ci2-MeCH afforded the analytical sample, m.p. 204-205”; [aID +2W (c 
1.0); NMR: d 3.23 (l-and 4-ethylene dithioketal protons, m). 1.30 (19-H, s)andO.65 (18-H, s). (Found: 
C, 67.50; H, 9.59; S, 23.10; M’ 552; Cr,H,#, requires: C, 67.33; H, 9*48;S, 23.19%; M. wt. 552.9). By 
desulphurixation with Raney Ni Sacholestane was obtained. 

S@Zhokty- l&dioneA-ethylenedithbketal (XXXVIl). The thioketalixation reaction was carried out 
as reported above with XXXI (200 mg) for 15 min at room temp. Chromatography of the crude product on 
alumina (elutibn with hexane-ether 9.5 :O. 5) gave XXXVII (200 mg, 84%). which wxs recrystahixed from 
acet~Me0H.m.p. 164-166°;[a1,-400 (~0.74); v_ 1697 cm“; NMR: d 3.35 (4-ethylene dithioketal 
protons, m.), 1.16 (19-H. s) and 0.63 (18-H, s). (Found: C, 72.50; H. 9.86; S, 13.55; M’ 476; 
C&,OS,requires:C,73~07;H, IO.lS;S, 13.45%;M.wt.476.6). When storedovemightinbenxenesoln 
in the presence of BFr, XXXVII remained unchanged. 

Runey Nf desulphurization of 5gcho~t~-1,4drone_4~thy~d~h~~t~ (XXXVII). To a soln of 
XXXVII (50 mg) in &OH (15 ml), Raney Ni (one teaspoon) was added and the mixture was heated to 
retlux overnight under stirring. The product was isolated with CHCI, and filtered through alumina (38 mg, 
94%). Recrystallixation from MeOH afforded 58-cholestanlone, identical with authentic XXIII. 

Thioketalization of 5 ~holcstan 1,4dtone-4 ethyknedithioketal (XXXVII). Compound XXXVII ( 100 
mg) in the presence of ethanedithiol ( 1 ml) and BF,etherate ( 1 ml) was allowed to stand at room temp for 70 
hr. Following the usual work up, the crude product was chromatographed on alumina (elution with n- 
pentaae) yielding XXXVI (83 mg, 72%) identical with an authentic sample. 

laJiydro~-5~holesron4_one ethylenedithioketal (XLa). To a soln of XXXVII (100 mg) in MeOH 
(25 ml). NaBH, (100 mg) was added over a few-min. The soln was stirred for 3 hr at room temp. then 
neutralized with dil HCI. Isolation with CHCI, gave a colourless oil (100 mg, quantitative yield), 
homogeneous on TLC, which could not be induced to crystallixe. NMR: d 3.26 (4-ethylenedithioketal 
protons,m,overlappingthesilplalofthe 1-H). 1~18(19-H,s)and0~65(18-H.s).Theccetcte(XLb)obtained 
as usual in 94% yield, crystallixed by trituration~with IItCH, m.p. 105-107°; iai, +6’ (~0.62); v~= 1724 
and 1250 cm-‘; NMR: 6 4.58 (I-H, m), 3.26 (4cthylenedithioketal protons, m), 2.03 (la-OAc, s). 1.06 
(19-H, s) and 0.66 (18-H. s). (Found: C, 71.48; H, 10.07; M+ 520; C,,H,&S, requires: C. 71.50; H, 
10.07; M. wt 520.7). 
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Raney Ni aksulphurization of la-acetoay SgCholestan4one ethylenedithioketal @Lb). Compound 
XLb (50 mg) was treated with Raney Ni as described for XXXVII. Chromatography of the crude product 
on alumina (elution with hexane-ether 9.59.5) gave a colourless oil (20 mg. 50%). which was found 
identical with an authentic sample of XXIIb. 

la-Hy&oxy-5a-choZestan4one ethylene dithfoketai (XI&). Compound XVIa (100 mg) was treated 
with ethanedithiol and BF, etherate for 15 min as above. Chromatography on alumina (elution with hexane- 
ether9.5:0.5)affordedXLIa(88mg. 74%),whichrecrystallixedfrom MeGH,m.p. 152-153”; [a), + 10” 
(c 1 .O); NMR: d 3.66 (1-H. narrow tr), 3.18 (4-ethylenedithioketal protons, narrow m), 0.93 (19-H. s) and 
0.65 (18-H,s), (Found:C,72.58;H, 10.31;s. 13.23;M’478;C29HJOOS2rcquircs:C, 72.76;H. 10.53;S, 
13.39%; M. wt. 478.8). The acetate (XLIb) was obtained in 68% yield by acetylation for 48 hr with AcxO 
andpyridineatroomtemp;recrystaBir.edf+om CH,&-MeGH m.p. 133-134°;[a1,+25.50 (~0.63); v_ 
1724 and 1250 cm-‘; NMR: b 4.41 (I-H, narrow tr.). 3.20 (4-ethylene dithioketal protons, narrow m), 2.06 
(I-aGAc.s),O.97(19-H,s)and0.62(18-H,s). (Found:M’520;C,,H,,O~,requires:M.wt. 520.7). 

Boron tr@uorfde epbnerization QfXLb to XL&. Compound XLb (70 mg) in benzene (10 ml) was treated 
with boron triIluoride etherate (0.5 ml) and allowed to stand overnight at rcmm temperature. The solution 
was washed with aqueous sodium hydrogen carbonate, and water, then the solvent was removed to yield an 
oil (64 mg, 91%) homogenous on TLC. RecrystaBixation from methylene chloridcmethanol afforded 
XLIb identical with an authentic sample. 

Sa-ChoZestwr-l&d&ne-4 ethylenedithioketal (XLII). Compound XLIa (500 mg) was oxidized with 
Cr&-pyridine as described for XXVIII. Chromatography on alumina (elutioo with hexane-ether 9.5:0.5) 
gave XLII (445 mg, 89%), which was recrystallized from acetone-MeGH, m.p. 137-139“; [al, +69.5’ (c 
1 .O); v,, 1697 cm-‘; NMR: d 3.25 (4-ethylenedithioketal protons, m). 1.29 (19-H. s) and 0.65 (18-H, s). 
(Found:C, 73.26;H,9.91;$ 13~45;M’476;C&I,@S,requires:C,73~07;H, lO.lS;S, 13.45%;M.wt. 
476.6). 

Thii compound XLII remained unchanged in the following conditions: storage overnight on a column of 
acid washed alumina (Merck); exposure to BF, in benzene soln or heating to reflux during 5 hr in benzene 
soln, in the presence of toluene-psulphonic acid. 

Raney Ni desulphurization of 5a_cholestan-1,4ne 4-ethylenedithMetal (XLII). Compound XL11 
(1OOmg) was treated with Raney Ni as decribed for XXXVII. The product was isolated with CHCI, (74mg. 
9 1%). recrystallized from MeGH and found identical with an authentic sample of XLIIL- 
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