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Airstrati-Previously unknown 2a-hydroxy-5gcholestane (Va) was synthesized from cholest&en-3-one 

(VI) in five steps and in the overall yield of 15.7% via the intermediate 2a-hy-droxycholest-4-en-3-one 
(VIII). Oxidation of Va with Jones reagent afforded the 2-oxo-5l3 system which exhibits a negative Cotton 

effect ourve symmetrical to that of the already known 2-oxo-5a system. Treatment of Va with lead tetra- 
acetate in benzene afforded 2a,9a-epoxy-5flcholestane (VII) as the result of a new transannular cyclization 
reaction from 2C to 9C in the 5l3-steroid series. The 2a,9aepoxide (VII) was converted to the 9a,l la- 
epoxide (XVII) via the 9(ll)-eno intermediate (XVI). Reductive cleavage of XVII with lithium ethyl- 
amine afforded the 2a,9adihydroxy-5g system (XVIII). The stereochemistry of the -.?action! was con- 

firmed by both physical and chemical data. The results obtained provide successful and : :pwise lnctionali- 

zations at 9C and 11C in the 5fl-steroid steries with Za-hydroxy compounds as starting material. 

INTRODUCTION 

AN ORGANIC reaction of interest and value is the functionalization at an ii:-rctive C 
atom, namely the selective introduction of a desirable hetero function onto a certain 
C atom which is unreactive towards reagents under normal conditions. Such a 
reaction may take place only if it can be controlled regarding both electronic and 
steric factors of substrate and reagent. An efficient method for the success of the 
reaction may then be a sterically controlled intramolecular substitution reaction with 
a compound in which a reactive functional group and an inactive C atom are located 
closely enough, even transitorily, to enable the reaction to take place. 

A number of such functionalization reactions with steroids as substrate have been 
reported in connection with the general objective of synthesizing modified steroid 
hormones. One of representative types has been the oxidative transannular cyclization 
of steroidal alcohols with lead tetraacetate or other oxidizing agents in non-polar 
solvents leading to various steroidal epoxides. 24 The cyclization reaction reported 
took place in the following direction, lla + 18, lla + lets, 28 + 19, 3a + 91x$, 
4a + 9a$, 48 + 19,6p + 19, Ill3 + 18 and -+ 19, and 20 + 18. 

In a series of stereochemical investigations on the normal and abnormal ring 
opening of 4P,5_epoxy-3-oxo-steroids (I), we have prepared the 2a-hydroxy-4-en-3-oxo 
system (II) in the cholestane series.5 The system in other steroid series has also been 
prepared.6-8 

The system appeared useful starting material for the synthesis of previously unknown 
* Part VI of this Series : A. Ishida, Y. Hiyoshi, T. Koga and M. Tomoeda, Chem. PItarm. Bull. Tokyo 17, 

355 (1969). 

7 Published in part as a communication’ in 1965. 
$ These cyclizations took place in the Sg series. 
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2a-hydroxy-SP-steroids (IIIa), in which, as can be seen by inspection of the stereo- 
chemistry of the compound around A and B rings with the stereo model (IIIb), the 
position of and the distance between the 2cc-alcohol and the 9-methine groups are 
sterically favoured to ring closure, forming a new steroidal 1,rlepoxide (IVa, b). Sub- 
sequent to a preliminary communication, the present paper describes the stereo- 
chemistry and the synthesis of 2cl-hydroxy-5j3-cholestane (Va) from cholest-4-en-3-one 
(VI), its successful transannular cyclization at 9C with lead tetraacetate leading to 
2u,9ct-epoxy-5j3-cholestane (VII). 
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CHART 2 

Synthesis of 2u-hydroxy-SB-~holestune (Vu) 
The starting material for the synthesis of Va., i.e. 2a-hydroxycholest-4en-3-one 

(VIII),s was prepared from VI via 4P,S-epoxy-SP_cholestan-3-one (Ix)’ as described in 
a yield of 40.2%. When VIII was treated with ethanedithiol in glacial acetic acid using 
BF,-etherate as catalyst, 2u-hydroxycholest-4en-3-one ethylenethioketal (X), m.p. 
163165” was obtained in 86.6 % yield. The IR and UV spectra supported the structure. 
The NMR spectrum of the compound shows a triplet at T 6.65 with J = 2.7 c/s which 
could be assigned to the -S-CH, -CH,-S- group at 3C. The NMR spectrum 
also shows a singlet at z 4.52 due to the Cvinylic hydrogen, and a broad doublet at 
z 6.03 with a large J of 12 c/s assignable to the 2p-H of axial character.” The thioketal 
(X) was finally proved identical with a specimen prepared from 2cz-acetoxy-cholest-4- 
en-3-one.” 
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CHART 3 XI 

The thioketal (X) was then desulfurized followed by chromatography over neutral 
alumina to give 2u-hydroxycholest-4ne (XI) in 81.9 “/, yield. The m.p., 1405-1415”. 
and elemental analysis are in agreement with the expected molecular formula of 
C,,H,,O. The UV absorption spectrum shows &,,, 199 mu (E 7880) and the IR spec- 
trum v, 1657 cm- ’ which supports the 4eno system. The Qvinylic hydrogen 
appears in the NMR spectrum as a multiplet at r 4.84. The NMR spectrum further 
shows a broad multiplet at r 6.08 assignable to the 2P-hydrogen of axial character,” 
and a singlet at r 8.93 due to the 19-Me group under a deshielding effect of the Ceno 

group. ’ * The spectroscopic evidence and the supporting information are in agreement 
with that reported. r ’ 

The 2a-hydroxy-4-eno compound (XI) was hydrogenated in ethanol with 20% 
Pt-charcoal. Chromatography of the crude product over silica gel afforded isomeric 
2u-hydroxy-Sb-cholestane (Va) and its 5u-isomer (Vb) in 55.1% and 25.5 “/, yields 
respectively. Added to Va and Vb, a crystalline hydrocarbon, m.p. 72-73”, was 
obtained as the least polar product. The hydrocarbon did not show any characteristic 
absorption due to a functional group in its IR and UV spectra, and this suggested that 
it could be a further hydrogenated product, cholestane, but identification was not 
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carried out. Two isomeric alcohols, Va and Vb, were also obtained by catalytic 
hydrogenation in glacial acetic acid with 10 % Pt-charcoal, but in different yields, i.e. 
209 % and 32.8 % respectively. It was therefore concluded that catalytic hydrogena- 
tion in ethanol (neutral solvent) and acetic acid (acidic solvent) gives isomeric 5p and 
3, systems in relative ratios of 2.2 : 1 and 1: 1.6 respectively, and that catalytic hydro- 
genation in ethanol favours the formation of the desired 2a-hydroxy-5fi system. 

TABLE 1. CATALYTIC HYDROGENATION OF 2M-IYDROXyCHOLEST-4-ENE o(I) WITH PLATINUM~HARCOAL AS 

CATALYST 

EtOH 

(20 % Pt-C) 
25.5 % 

AcOH 

(10% Pt-C) 
20.9 % 32.8 % 1:1.6 

Confirmation of the structure and configuration of isomeric Va and Vb was carried 
out as follows : The S/3 isomer (Va) was easily soluble in most polar and nonpolar 
solvents but was crystallized from a small volume of 99 % ethanol under - lo”, m.p. 
1061070.* The microanalysis was in agreement with the expected formula of 
&,H,,O. Any absorption due to the Ceno group was no longer present in the UV or 
IR spectra but only an absorption due to an OH group is present in the IR spectrum. 
The 5a isomer (Vb), crystallized from acetone, was proved as in the case of Va. 
Evidence for the assignment of a configuration at 2C of Va and Vb was provided by 
the NMR spectra. The NMR spectrum of Va shows a broad peak with the half width 
of 7 c/s at z 5.94 due to the 2/3-H while the spectrum of Vb shows a much broader peak 
with the half width of 23 c/s at z 6.26 due to the same H. Therefore the 2/3-H of Va is 
equatorial and that of Vb, axial,” and the configuration at 5C of Va should then be p 
and that of Vb, a. The assignment of these configurations in Va and Vb was supported 
by the fact that Va with the axial OH group is eluted faster from a chromatogram than 
Vb with the isomeric equatorial OH group. 

Further evidence for the structure and configuration of Va and Vb was obtained as 
follows. Acetylation of Va and Vb with acetic anhydride in pyridine, followed by 
TLC, showed that acetylation of Va takes longer (87 hr) than Vb (17 hr), affording the 
corresponding acetates, XIIa and XIIb. This is apparently due to the axial 2a-OH 
group of Va and equatorial OH of Vb. XIIa shows in its NMR spectrum a broad 
peak with the half width of 7 c/s at z 4.98 due to the 2b-H, while XIIb shows a much 
broader peak with the half width of 23 c/s at z 5.17 due to the same H. The NMR 
tvidence supports the assignment of configurations at 2C and 5C in V and XII. 

* Fieser et nl.” reported that the 5-a isomer (Vb) was the only product isolated from the catalytic hydro- 
genation of XI in acetic acid. 
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FIG. 1 NMR spectra of Za-hydroxy-S&(Va) and -5acholestane (Vb) in CDCl, at 60 MC. 
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FIG. 4 Octant projection formulae of rings A and B of 2-oxo-5p-(XIIIa) and -5a-(XIlIb) 
steroid series. 

The 5p and 5a configurations of Va and Vb were further proved as follows. Oxida- 
tion of Va and Vb with Jones reagent followed by chromatography over silica gel or 
neutral alumina gave their corresponding 2-0~0 derivatives, i.e. the previously 
unknown 2-0x0-5p system (XIIIa), m.p. 87%38” and the previously known 2-0~0-5~ 
system (XIIIb),’ 3 m.p. 131.5-132” in 94 % and 92 y0 yields respectively. Microanalyses 
and other physical properties supported their structures, and particularly those of 
XIIIb were in agreement with the literature. ’ 3 The NMR spectrum of XIIIa shows a 
singlet peak due to the 19-Me group at r 8.93 a lower field than that of XIIIb or r 9.23, 
supporting the 5p configuration for XIIIa. Furthermore, XIIIa and XIIIb show in 
their ORD and CD curves negative and positive Cotton effects respectively as are 
shown in Figs 2 and 3. The negative sign of Cotton effects shown by XIIIa, in contrast 
to the positive sign of Cotton effects shown by XIIIb,14T i5 can be understood by 
applying the Octant rule16 to the cyclohexanone system of the A ring in the com- 
pound, as visualized in the Octant projection formulae* XIVa for XIIIa and XIVb 
for XIIIb (Fig. 4). 

The overall yield of Va from VIII was now found to be 15.7 %. 

Traqsannular cyclization of Va with lead tetraacetate leading to 2ct-9u-epoxy-5l3- 
cholastane 

Oxidation of Va with lead tetraacetate (two equivs) was followed by TLC and was 
almost complete in 5 hr. Chromatography of the crude product over silica gel afforded 

l The Octant projection formulae were derived from possible conformations of the compounds with the 

A or cyclohexanone ring in the preferred chair form. 
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2%9a-epoxy-5j3-cholestane (VII) in 51.9 % yield. A small amount of the starting 
material (Va) (1.8 %) was recovered, and the 2-0~0 derivative (XIIIa) was isolated as a 
minor product (3.4%). The structure of the 2&9u-epoxide (VII), colourless needles, 
m.p. 46475”, was supported by microanalysis and also by the IR spectrum showing 
an absorption at 1103 cm- ’ due to the C-O-C bond in the compound. The NMR 
spectrum exhibits a broad doublet (J = 7 c/s) at r 5.85 with the half width of 9 c/s due 
to the equatorial 2P-H” and a singlet at r 8.97 due to the 19-Me group under the 
deshielding effect of the 2a,9u-epoxy function. 

Oxidation of Vb, isomeric at 5C to Va, with lead tetraacetate was carried out 
analogously. Epoxidation at 9C was not observed, and the only product isolated 
apart from starting material (40.0%) was the corresponding acetate (XIIb; 6.5 % 
yield). 

in benzene 

CHART 5 

It was anticipated that acid-catalyzed epoxide fission of VII might lead to a new 
synthesis of 9u-hydroxy-steroids. The epoxide (VII) was treated with a mixture of 
acetic anhydride-BF,-etherate followed by chromatography over silica gel giving two 
colourless oily products, XV and XVI. They resisted crystallization but were proved 
to be homogeneous by TLC. Chromatographically the less polar XV shows [a]D 
- 88.2” and absorptions at 3,211 mu (E 3870) in the UV spectrum and v 1667 cm- 1 in 
the IR spectrum suggesting the presence of a double bond. The presence of a vinylic 
hydrogen was not supported by NMR, so that the location of a double bond in the 
compound was assumed to be 8(9) or 8( 14). An intensity lower than E 5000 in the UV 
absorption due to the double bond and the appearance of signals in the NMR 
spectrum due to 18- and 19-Me groups at r 9.29 and r 9.00 respectively, suggested the 
location of the double bond to be 8(9) and not 8(14).12* ” The NMR spectrum further 
shows a multiplet with the half width of 9 c/s at z 5.13 due to the equatorial 2g-H.” 
The evidence suggested the structure of XV to be 2u-acetoxy-5@cholest-8(9)-ene, but 
further confirmation was not carried out. 

The second and chromatographically more polar product XVI shows [a]b + 19.2” 
and absorptions due to a double bond at L 211 mu (E 3630) and v 1647 cm- 1 in the UV 
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and IR spectra respectively. The IR spectrum further shows an absorption at v 3049 
cm-’ assignable to a vinylic hydrogen. Presence of a vinylic hydrogen was further 
supported by NMR spectroscopy, its spectrum showing a multiplet centred at r 4-61. 
As the peaks due to the 1% and 19-Me groups in the NMR spectrum appear at z 9.41 
and z 8-91 respectively, the location of the double bond must be 9(11).i2 The NMR 
spectrum shows a broad peak at r 5.01 due to the 20-H. Presence of an acetate group 
was supported both by IR and NMR spectra. The evidence suggested the structure of 
XVI to be 2c+acetoxy-5P-cholest-9(11)-ene. This was confirmed by catalytic hydro- 
genation of XVI with platinum oxide in glacial acetic acid to XIIa. It was therefore 
concluded that the transannular oxidation reaction did not cause any rearrangement 
or configurational change of the skeleton of Va. 

The 9(1 l)-eno compound (XVI) was oxidized with perbenzoic acid in chloroform to 
give 2&acetoxy-9% 1 lcl-epoxy-5lScholestane (XVII) in 80.2% yield. Microanalysis of 
the9a, 1 la-epoxide (XVII), m.p. 118.5-l 195” and [a&., -61-o”, supported the expected 
molecular formula of C,,H,,O,. The IR spectrum shows v 1727 cm- ’ and 900 cm- ’ 
due to an acetate and a C-O-C groups respectively. The NMR spectrum shows, in 
addition to a broad peak at r 5.19 due to the 2p-H, a doublet of J = 5 c/s at z 7.09 due 
to the 11 P-epoxide hydrogen. The fact that the epoxy function has the CL configuration 
was supported by NMR in that the epoxide causes a deshielding effect towards the 
19-Me group appearing at z 8.83 whereas this is not the case with the 18-Me group 
appearing at r 9*34.12 

The 9sl la-epoxide (XVII) was then treated with lithium in ethylamine followed by 
chromatography over silica gel which caused the reductive epoxide fission at 11C and 
hydrolysis of the 2cl-acetate group affording 2ol,9cr-dihydroxy-5p-cholestane (XVIII) 
in 75.1% yield. The diol(XVIII), m.p. 208-209”, had an empirical formula ofC2,H,sOz 
supported by microanalysis. The IR spectrum shows v 3205 and 3127 cm- i probably 
due to two OH groups, however, the NMR spectrum shows a single peak at z 6.05 due ’ 
to methine group bearing an OH function, which could be assigned to the 2@hydrogen. 
This suggested that the epoxide fission did not take place at 9C but at 11C. The NMR 
spectrum further shows a peak at z 8.94 due to the 19-Me group under the deshielding 
effect of the 901-08 function and a peak at r 9.34 due to the 18-Me group being not 
influenced by the Bar-OH function. i2 The evidence was further support for the assign- 
ment of the ~-configuration of the epoxide function in XVII, and provided proof that 
epoxidation of the 9(11)-eno system in the S&steroid prefers to take place from the 
u-side. 

DISCUSSION 

It was anticipated that the previously unknown 2ol-hydroxy-5b-steroid, if synthe- 
sized, might have a close proximity around the 2a-0 and 9ol-H atoms leading to a 
ring closure between these functions under conditions generating an oxygen cation at 
2C. The desired system (Va) in the cholestane series could be synthesized with success 
from cholest-4-en-3-one (III) in five steps, and its successful transannular cyclization 
with lead tetraacetate led to a new steroidal tetrahydrofurane or the 2q9u-epoxide 
(VII). Acidic epoxide fission of the 2e!,9cll-epoxide (VII) gave 2u-acetoxy 8(9) (XV) and 
-9( 1 l)- (XVI) -eno compounds, the 9(1 l)-eno isomer (XVI) of which was then con- 
verted to the 2q9a-diol (XVIII) via the intermediacy of the 9qlWepoxide (XVII). 
The successful and step-wise functionalization reactions at 9C and 11C with 2~ 
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hydroxySfi-steroids as starting material, thus established, could be applied to other 
steroid systems with somewhat different stereochemical environments and with 
unique biological activities. Results will be reported elsewhere. 

Mqanwhile, oxidation of Va with Jones reagent afforded the previously unknown 
2-0x0-@ system (XIIIa) showing a negative Cotton effect in both ORD and CD 
curves, exactly symmetrical to that of the previously known 2-0x0-51x system with 
positive sign (Figs 2 and 3). Much weaker intensities of the negative Cotton effect 
curves of the 2-0x0-@ system (XIIIa) compared with those of the positive Cotton 
effect curves of the 2-0~0-5~1 system* (XIIIb), could be due to different steric environ- 
menhs around the 2-0~0 group of these compounds as visualized in their Octant 
projection formulae XIVa and XIVb. Further experiments should be necessary to 
understand the exact nature of the phenomenon in question. 

EXPERIMENTAL 

M.ps were taken on a Kofler-type hot plate, and are uncorrected. [alr, Refers to CHCI,, UV absorption 
spectra to 95 ‘A EtOH, and IR spectra to nujol unless otherwise stated. NMR spectra were run on a Varian 
Associated A-60 high resolution spectrometer with CDCI, as solvent, and the intensities or peak areas were 
measured by the integrater. 

Za-Hydroxycholest-4_en-3-one (VIII) 
Compound VIII was prepared by H,SO,-catalyzed abnormal ring opening of IX9 derived from VI.’ 

The overall yield of VIII from VI was 40.2%; colourless needles, m.p. 147-148”; [a]&’ + 82” (c 0.98); I.,,, 
mp (E): 243 (11,900); v, cm- ‘: 3346 (m) (OH), 1675 (s) (C=O), 1612 (w) (C=C). 

2a-Hydroxycholest-4-en-3-one ethylenethioketal (X) 
To a soln of VIII (13.0 g) in 312 ml glacial AcOH, 19-5 ml ethanedithiol and 19.5 BFsetherate were 

successively added and the mixture kept at room temp for 15 min when colourless needles began to 
separate. The reaction was complete in 8 hr (TLC). The mixture was diluted with 90 ml MeOH, poured into 
ice-waaer, and the deposited colourless crystals were filtered off, washed with water, and dried in wcuo, 
m.p. lS4-159”, wt. 146 g. Recrystallization from a mixture of acetone+ther gave X as colourless needles, 
m.p. 163-165”, wt. 13.4 g(86.6 % yield). [a]g4 + 116-4” (c, 104); AZ? mp(c): 253 (750); v, cm-’ : 3481 (m) 
(OH), 1645 (w)(C=C);NMRr:452(1 proton,s)(4-H),6.03 (1 proton,d,J = 12c/s)(2p-H), 6.65 (4protons, 
t, J = 2.7 c/s) (-S-CH,-CH,-S-), 9.01 (3 protons, s) (19-H), 9.34 (3 protons, s) (18-H). The needles 
were identical with a specimen of X prepared from 2a-acetoxycholest-4-en-3-one.” Their IR and UV 
spectra were superposable. 

2a-Hydroxycholest-4ene (XI) 
To a soln of X (4Q g) in 300 ml MeOH, ca. 40 g Rabey Ni, I9 deactivated by refluxing in AcOEt and 

acetone for 15 min each, was added and the suspension was refluxed for 5 min. Concentration of the filtrate 
in uaculo gave colourless crystals, m.p. 106122”, wt. 3.25 g. The crystals were chromatographed over 130 g 
neutral alumina (Woelm, grade III) when elution with 5.91.4: 1 light petroleum-benzene afforded XI as 
colourless needles, m.p. 132-137”, wt. 2.654 g (81.9 % yield). Recrystallization from MeOH gave sample, 
m.p. 140.5-141.5°. (Found: C, 83.77; H, 12.01. Calc. for C,,H,,O: C, 83.87; H, 11.99 %); [a];’ +79.2” 
(c. 099); J._ mp (E): 199 (7880); v, cm-‘: 3263 (m) (OH), 1657 (w) (C=C); NMR r : 4.84 (1 proton, m) 
(4-H), 6.08 (1 proton, m) (2p-H), 8.93 (3 protons, s) (19-H), 9.32 (3 protons, s) (18-H). Fieser and Romero” 
carried out the desulfurization of X with Raney Ni in acetone to give XI in a yield less than 25 %. 

Catalytic hydrogenatim of XI-formation of2a-hydroxy-5p- (Va) and -5a- (Vb) -cholestanes 
(a) Catalytic hydrogenation in 99 % EtOH. XI (5.0 g) in 200 ml 99 % EtOH was hydrogenated with 2.5 g 

20 % R-C at lo”. After 557 ml H, was absorbed, the catalyst was filtered off, and the liltrate was concentra- 
ted in vacua to give colourless needles, m.p. 77-91”, wt. 4-9 g. They were chromatographed over 150 g 

* Similar results were reported, for instance, with 3-oxo-5a- and -5@cholestanes.‘4b* Is 
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silica gel (Kant0 Chemical Co.) when elution with 400 ml light petroleum gave colourless prisms, m.p. 
69-71”, wt. 684 mg. Recrystallization from 99 % EtOH gave sample, m.p. 72-73”; IR spectrum: no absorp- 
tion due to functional group-probably cholestane but further confirmation of the structure was not 
carried out. 

Further elution with l-41. 2: 1 light petroleum-benzene gave Va as colourless needles, m.p. 104-105*5”, 
wt. 2.771 g (55.1%). Recrystallization from a small amount of 99 % EtOH (< - 100) gave sample, m.p. 
106-107”. (Found: C, 83.38 ; H, 1260. C&H,,0 requires : C, 83.43 ; H, 12.45 %); [alAs + 29.6” (c, @98): 
2, transparent above 210 mp; v, cm-’ : 3347 (m) (OH); NMR r : 5.94 (1 proton, m) (Zg-H), 9.08 (3 
protons, s) (19-H), 9.34 (3 protons, 8) (18-H). 

Further elution with 1.61. benzene gave Vb ascolourless needles, m.p. 177-181”, wt. 1.280 g(25-5 % yield). 
Recrystallization from acetone gave sample of m.p. 182.5-183”. (Found: C, 83.56; H, 12.45. Calc. for 
C,,H,,O : C, 83.43 ; H, 12.45 %); [aliz + 25.4” (c, 1.03); & : transparent above 210 mu ; v, cm- ’ : 3260 
(m) (OH); NMR r : 6.26 (1 proton, m) (2g-H), 922 (3 protons, s) (19-H), 9.34 (3 protons, s) (18-H). 

(b) Catalytic hydrogenation in glacial acetic acid. XI (100 mg) in 20 ml glacial AcOH was hydrogenated 
with 50 mg 10 % Pt-C at 21”. After absorption of Hz ceased, the catalyst was filtered off, and water (10 ml) 
was added to the filtrate to give colourless crystals. These were filtered off, washed with sat. NaHCOsaq 
and water, and dried in uacuo, m.p. 95-134”, wt. 95 mg. They were chromatographed over 4.8 g neutral 
alumina (Woclm, grade III) and elution with 5.0 ml light petroleum gave a colourless oily substance, wt. 
11 mg;v,,: no absorption due to functional group. This substance was not further investigated. 

Further elution with 30ml light petroleum gave Va as colourless needles, m.p. 103-105”, wt. 21 mg 
(2@9 %). Recrystallization from 99 % EtOH gave sample, m.p. 106-107”, alone and on admixture with a 
specimen of Va obtained above. Their IR spectra were superposable, v, cm-’ : 3348 (m) (OH). 

Further elution with 70 ml 4: 1 light petroleum-benzene gave Vb, m.p. 17%181”, wt. 33 mg(32.8 % yield). 
Recrystallization from acetone gave sample, m.p. 182-183”, alone and on admixture with a specimen of Vb 
obtained above. Their IR spectra were superposable, v,, cm-’ : 3260 (m) (OH). 

Za-Acetoxy-5g-cholestane (XIIa) 
To a soln of Va (200 mg) in 2.0 ml pyridine, 2.0 ml Ac,O was added dropwise in the cold and the mixture 

kept at room temp; it was complete in 87 hr (TLC). The mixture was poured into ice-water to deposit an 
oily product which was extracted into CHCl,. The CHCl, layer was washed with dil H,S04, water, sat 
NaHCO, aq and water, and dried (Na,SO,). Concentration of the tiltrate in uacuo gave an oily product, 
wt. 218 mg. This was chromatographed over 22 g silica gel (Kant0 Chemical Co.) when elution with 90 ml 
2: 1 light petroleum-benzene gave XIIa as colourless needles, m.p. 57%58.5”, wt. 202 mg (91.2 % yield). 
Recrystallization from 99 % EtOH gave sample, m.p. 58.559-5”. (Found: C, 8Q81; H, 11.66. C2sHS002 
requires : C, 8087 ; H, 11.70 %) ; [a];’ + 79” (c, 1.01) ; v, cm -’ : 1738 (s) (OAc); NMR r 4.98 (1 proton, m) 
(2&H), 7.95 (3 protons, s) (2a-OCOCH,), 9.07 (3 protons, s) (19-H), 9.34 (3 protons, s) (18-H). 

2u-Acetoxy-Su-cholestane (XIIb) 
To a soln of Vb (200 mg) in 5.0 ml pyridine, 2.5 ml Ac,O was added dropwise in the cold and the mixture 

kept at room temp; it was complete in 17 hr (TLC). The mixture was poured into ice-water depositing 
XIIb as colourless needles. The needles were filtered off, washed with dil H2S0,, water, sat HaHCOsaq and 
water, and dried in tracuo, m.p. 85-87”, wt. 214 mg (966% yield). Recrystallization from 95 y0 EtOH gave 
sample, m.p. 865-87.5”. (Found: C, 80.96; H, 11.67. Calc. for C2sHs002: C, 8087; H, 11.70%); [ali? 
-4.0” (c, 1.01); v, cm -i: 1736 (s) (OAc); NMR r: 5.17 (1 proton, m) (2g-H), 8.01 (3 protons, s) (2a- 
OCOCH,), 9.17 (3 protons, s) (19-H) 9.36 (3 protons, s) (18-H). 

2-0x0-5g-cholestaae (XIIIa) 
To a soln of Va (200 mg) in 20 ml acetone, 0.4 ml Jones reagentzO was added dropwise ; the temp of the 

mixture was maintained at 20”. The reaction was complete in 30 min (TLC), when the brown mixture was 
diluted with water and extracted into CHCl,. The CHCls layer was washed with water, and dried (NasSO,). 
Concentration of the filtrate in sacno gave colourless crystals, m.p. 74-79”, wt. 198 mg. They were chroma- 
tographed over 20 g silica gel (Kant0 Chemical Co.) when elution with 300 ml 1: 2 light petroleum-benzene 
gave XIIIa as colourless needles, m.p. 87-88”, wt. 186 mg (93.5 % yield). Recrystallization from aqueous 
EtOH gave colourless plates, m.p. 885-89”. (Found: C, 83.71; H, 12.01. C27H460 requires : C, 83.87 ; H, 
1199%); [a];” +20.5”( f5”)(~,0.205 in dioxan); ORD(c,O205 in dioxan) [a]” (mu): - 354” (317)(trough), 
-210” (310) (peak), -234” (307) (trough), 0” (302), +542” (274) (peak); ORD (c, @320 in MeOH) [a]‘” 
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(mp): 263” (306) (trot& 0” (295) +621” (268) (peak); CD (c, @305 in dioxan) [Olzo (mu): - 1068 (310) 
(shoulder), - 1738 (301) (negative max), - 1615 (297), - 1715 (293); CD (c, Ct.320 in MeOH) [0]‘” (mu): 
1793 (291) (negative max); A_ mu (s): 284 (33) (0); v,, cm-‘: 1712 (s) (f%G); NMR z: 8.93 (3 
protons, s) (19-H), 9.37 (3 protons, s) (18-H). 

2-Oxo-Pa-cholestane (XIIIb) 
To a soln of XIIb (200 mg) in 30 ml acetone, U-4 ml Jones reagent*” was ad&d dropwise; the temp of the 

mixture was maintained at 25”. The reaction was complete in 30 min (TLC), when the brown mixture was 
dilutedwith water and extracted into CHCl,. The CHCl, layer was washed with water, and dried (Na,SO,). 
Concentration ofthe ghrategavecolourless crystals, m.p. 117-126”. wt. 194 mg. They were chromatographed 
over 20 g neutral alumina (Woelm, grade III) when elution with 60 ml 4: 1 light petroleum-benzene gave 
XIIIb as colourless needles, m.p. 130.5132”, wt. 182mg (91.5%). Recrystallization from MeOH gave 
colourless plates, m.p. 1315-132”. (Found : C, 83.52 ; H, 11.94. Calc. for C,,H,,O : C, 8387 ; H, 1199 %) ; 
[ali +41.8” (+ So) (c, 0.199 in dioxan) ; ORD (c, 0.199 in dioxan) [alz4 (mu): + 1220” (318) @eak), +987” 
(312) @rough), + 1017” (310) (peak), 0” (296), - 1037” (277) (trough); ORD (c, 020 in MeOH) [a]r” (mu): 
+ 126% (308) (peak), 0” (291), - 1314” (269) (trough); CD (c, 0190 in dioxan) [0]20 (mu): +2160 (313)(sh), 
+ 3840 (303), +3750 (300), +4125 (295) (positive max), +3590 (289); CD (c, 0.20 in MeOH) [61zo (mu): 
+546g (290) (positive max); A_ mu (s): 286 (36) (C=C); v, cm-’ : 1709 (s) (C=O); NMR r: 9.23 (3 
protons, s) (19-H). 9.34 (3 protons, s) (18-H). 

Transannular cyclization reaction ojVa with lead tetraacetate 
Formation of 2u,9a-epoxy-5fbcholestane (VII). To a soln of Va (660 mg, 1.7 mmole) in 15 ml anhyd 

benxene, 1.518 g (3.4 mmole) lead tetraacetate was added, and the mixture refluxed for 7 min when a 
colourbss solid began to precipitate. The reaction was followed by TLC, and was complete in 5 hr. After 
cooling, the reaction mixture was diluted with ether and washed with water when a brown solid precipitated. 
The ethereal layer was separated, dried (Na,SO,), and concentrated in uacuo to give a yellow oily residue, 
wt. 741 mg. This was chromatographed over 75 g silica gel (Kant0 Chemical Co.) when elution with 200 ml 
4: 1 light petroleum-benxene gave VII as colourless needles, m.p. 455-46”, wt. 341 mg (51.9 % yield). 
Recrystallization from 99% EtOH gave sample, m.p. 46-47.5”. (Found: C, 8407; H, 11.80. f&H,,0 
requires : C, 83.87 ; H, 11.99 %) ; [a]‘i n -4.0” (c, 0.99); 1, : transparent above 210 mu; v, cm-’ : no OH 
absorption, but 1103 (m) (C-O-C); NMR T 5.85 (1 proton, d, .J = 7 c/s) (2g-H), 8.97 (3 protons, s) (19-H), 
9.33 (3 protons,‘s) (18-H). 

Further elution with 160 ml 1: 1 light petroleum-benzene gave a colourless oil, wt. 77 mg. After TLC 
over 29 g Kiesel Gel G (Merck Co.) and elution with 19 : 1 benzene-ether gave Va as colourless needles, 
m.p. 103-104*5”, wt. 12 mg (1.8 % yield). Recrystallization from 99 % EtOH gave sample, m.p. 104-105.5”, 
alone and on admixture with a sample of Va. Their IR spectra were superposable, v, cm-’ : 3348 (m) 

(OH). 
Further elution with 120 ml 1:2 light petroleum-benzene gave XIIIa as colourless crystals, m.p. 87-88”, 

wt. 22 mg (3.4 % yield). Recrystallization from aqueous EtOH gave colourless plates, m.p. 88%89”, alone 
and on admixture with a sample of XIIIa. Their IR spectra were superposable, Y, cm- ’ : 1712 (m) (C=O); 
A, mu (s): 284 (32) (C=O). 

Treatment o/ Vb with lead tetraacetate 
Formation of XIIb. To a soln of Vb (500 mg, 1.3 mmole) in 12 ml anhyd benzene, 1.150 g (2.6 mmole) lead 

tetraacetate was added and the mixture refhrxed for 4 min when a brown solid began to precipitate. The 
mixture continued to reflux for 5 hr, and was worked up as in the case of Va to give pale yellow crystals of 
m.p. l&147”, wt. 519 mg. They were chromatographed over 155 g silica gel (Kant0 Chemical Co.) when 
elution with 180 ml 2: 1 light petroleum-benxene gave XIIb as colourless needles, m.p. 79.583”. wt. 45 mg. 
Recryatallixation from 99 % EtOH gave sample, m.p. 8687”, alone and on admixture with a sample of 
XIIb, wt. 36 mg (6.5 % yield). Their IR spectra were superposable, v_ cm- ’ : 1736 (s) (OAc). 

Further elution with 660 ml 19: 1 benxencether gave colourless needles, m.p. 166-177.5”, wt. 242 mg. 
They were rechromatographed over 80 g neutral alumina (Woelm, grade III) when elution with 300 ml 
1: 3 light petroleum-benzene gave Vb of colourless needles as the recovered starting material, m.p. 177- 
181”, wt. 201 mg (400 % yield). Recrystallization from acetone gave sample of m.p. 181+182~5”, alone and 
on admixture with a sample of Vb. Their IR spectra were superposable, v_ cm- ’ : 3261 (m) (OH). 

4D 
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Ring opening of VII with acetic anhydride-boron rrifluoride etherale 
Formation of 2a--aeetoxy_5gcholes~9~~ (XV) and 2a-acetoxy-5&cholest-~ll~~ (XVI). To a soln 

of VII (400 mg) in l-6 ml anhyd benzene, a mixture of 4.0 ml Ac,O and 001 ml BF,ethe.rate was added and 
the reaction mixture kept at room temp; it was complete in 30 min (TLC). The mixture was poured into 
ice-water depositing a colourless oil which was extracted into light petroleum. This layer was washed with 
sat NaHC03 aq and water, and dried (Na,SO,). Concentration of the filtrate gave a colourless oil, wt. 439 
mg. This was chromatographed over 132 g silica gel (Kant0 Chemical Co.) when elution with 130 ml 1:2 
light petroleum-benzene gave non-crystalline XV, wt. 103 mg (23.2 % yield); [c@ - 88.2” (c, 1.02); 1, 
mp(e): 211(387O)(C=C); ~2’” cm- ’ : 1737 (s) (OAc), 1667 (shoulder)(m) (C=C); NMR 7 : S-13 (1 proton. 
m) (ZBH), 7.94 (3 protons, s) (2a-OCOCH,), 900 (3 protons, s) (19-H), 9-29 (3 protons, s) (18-H). Tortelli- 
Jaffk colour test” : negative. The compound was not further investigated. 

Further elution with 300 ml 1:2 light petroleum-benzene gave non-crystalline XVI, wt. 289 mg (65.1% 
yield); [u]g9 + 19.2” (c, @99); 1, mp (8): 211(3630) (C=C); dz” cm-’ : 3049 (m) (>C=CH-), 1735 (s) 
(OAc), 1647 (w) (C=C); NMR r : 4.61 (1 proton, m) (11-H), 5.01 (1 proton, m) (2@H), 7.99 (3 protons, s) 
(Za-OCOCH,), 891(3 protons, 8) (19-H), 9.41(3 protons, s) (18-H). TorteIli-Jaffb colour test : negative. 

Catalytic hydrogenation of XVI 
Formation of XIIa-XVI (100 mg) was dissolved in 59 ml glacial AcOH, and hydrogenated with 215 mg 

PtO,.H,O at 23”. Afta absorption of Hz ceased, the catalyst was faltered of& and the filtrate concentrated 
in uacuo followed by addition of water to deposit a colourless oil. The oil was extracted into ether, and the 
ethereal layer was washed with sat NaHCOsaq and water, and dried (Na,SOIj Concentration of the 
liltrate in uacuo gave a colourless oil, wt. 98 mg, This was chromatographed over 10 g silica gel (Kant0 
Chemical Co.) when elution with 50 ml 2 : 1 light petroleum-benzene gave XIIa as colourless needles, m.p. 
57-58”, wt. 82 mg (81.4% yield). Recrystallization from 99% EtOH gave sample, m.p. 59-59*5”, alone and 
on admixture with a sample of XIIa Their IR spectra were superposable, v,, cm-‘: 1738 (s) (OAc); 
[a]:’ +7.5” (c, l-01). 

Epoxidation of XVI with perbenzoic acid 
Formation of 2a-ace.toxy-9a,llacpoxy-5g-cholestane (XVII). To a soln of XVI (277 mg. @65 mmole) in 

3Q ml CHCl, 95 ml CHCl, soln of perbenzoic acid (containing 267.6 mg or 194 mmole of the peracid) 
was added in the cold and the mixture kept at room temp in dark; the reaction was complete in 17 hr 
(TLC). The amount of the peracid consumed was found to be 92.7 mg (104 equiv to XVI) by titration of 
the remaining amount in the mixture with 01 N Na&O,. The mixture was washed with sat Na,SO,aq, 
water, sat NaHCO,aq and water, and dried (Na,So4 j Concentration of the filtrate in uocu) gave colourless 
crystals, m.p. 109+115”, wt. 268 mg. They were chromatographed over 81 g silica gel (Kant0 Chemical 
Co.) when elution with 420 ml 1:4 light petroleum-benzene gave XVII as colourless needles, m.p. 1% 
119-5”. wt. 231 mg @O-2”/. yieldj Recrystallization from MeOH gave sample, lap. 1185-119.5. (Found: 
C, 78.34; I-I, 10.92 C,,H,sOs requires: C, 78.32; H, 10-88x); [ali’ -61-O” (c, 195); L: transparent 
above 210 mp; v,, cm -l: 1727 (s) (OAcj 900 (m) (Ca; NMR T: 5.19 (1 proton, m) (2&Hj 7m 
(1 proton, d, J = 5 c/s) (1 lj3-H), 799 (3 protons, s) (2a-OCOCH,b 8.83 (3 protons, s) (19-HA 934 (3 protons, 
s) (18-Hj 

Reductive ring opening of XVII with lithiumethylamine 
Form&on of 2a-9a-dihydroxy-5$-choZestane (XVIII). To a soln of XVII (300 mg) in 30 ml EtNH,, 330 

mg Li was added in small pieces at 0” ; the colour of the mixture turned to dark blue in 8 min and then 
to pink in 2 hr. The mixture was kept at room temp until almost all EtNHz evaporated. Addition of water 
to the residue in the cold deposited colourless crystals, which were extracted into ether. The ethereal layer 
was washed with water, and dried (Na,SO,). Concentration of the filtrate in uacuo gave pale yellow needles, 
m.p. 207-214”, wt. 282 mg. They were chromatographed over 90 g silica gel (Kant0 Chemical Co.) when 
elution with 210 ml 19 : 1 benzene-ether gave XVIII as colourless needles, m.p. 2085-209~5°, wt. 205 mg 
(75-l % yield). Recrystallization from acetone gave sample, m.p. 208-m. (Found: C, 7990; H, 12.22. 
C H 0 requires: C, 8@14; H, 11.96%); [a]F +25.1” (c, l-00); 2,: transparent above 210 mp; v, 27 *s 2 
cm-’ :3205(m), 3127(m)(OH); NMR~:6.05(1 proton, m)(2p-H), 8.94(3protons,s)(19-H).9.34(3 protons, 
s) (18-H). 
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