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19-Nor and Aromatic Steroids. Part 1,
2B,19-ethers in the Cholestane Series

By Ruth E. Lack * and Anne B. Ridley, Department of Organic Chemistry, The University of Sydney, Australia

The Cleavage of 3-Oxygenated-

Acetolysis of 2B,19-epoxy-5a-cholestan-3-one, catalysed by boron trifluoride, gave mainly 2«,19-diacetoxy-
ba-cholestan-3-one which was partially hydrolysed with methanolic sodium hydroxide at 20° for 10 min. to
19-acetoxy-2a-hydroxy-ba-cholestan-3-one which resisted dehydration. Acetolysis of 28,19-epoxycholest-
4-en-3-one with acetic anhydride and boron trifluoride was complicated by enolacetylation of the 3-carbonyl
group and subsequent addition of acetic anhydride to the A-5 double bond; however, 4a-bromo-2p,19-epoxy-
5a-cholestan-3-one was slowly cleaved with acetic anhydride and boron trifluoride to give only 2«,19-diacetoxy-
4a-bromo-5a-cholestan-3-one which was readily converted by treatment with calcium carbonate in dimethyl-
acetamide into 2«,19-diacetoxycholest-4-en-3-one; the latter compound was hydrolysed with methanolic hydro-
chloric acid to give 3-hydroxy-19-norcholesta-1,3,5(10)-triene.

3a-Acetoxy-28,19-epoxy-5«-cholestane was cleaved with boron trifluoride in acetic anhydride, probably
involving an intermediate 2«,3a-acetoxonium ion, to give mainly 3,19-diacetoxy-5«-cholestan-2 -0l which was
readily dehydrated to 3«,19-diacetoxy-5a-cholest-1-ene; this was then hydrolysed, oxidised, and decarboxylated
to give 19-nor-5a-cholest-1(10)-en-3-one.

SINCE the discovery that the removal of the angular
methyl group at C-10 often results in enhanced activity,!
interest has increased in methods of synthesis of 19-nor
analogues of steroid hormones. Successful partial
syntheses have been described via the Birch reduction %3

triene by cleavage of 28,19-ethers, thus providing a
route to 19-nor and A-ring aromatic steroids without
involving the B-ring.
3a-Acetoxy-28,19-epoxy-5«-cholestane (Ia), prepared
by the method of Kwok and Wolff,® was hydrolysed and

N.m.r. and i.r. spectra

C=0 19-CH . 2H
Vmax. I —A — r A
Compound (cm.™1) Ta B TAB T J
(Ib) 633 623 95 579 55
(Ila) 1749 6-10 5-97 8:5 5-88 7-5
(IIb) 1749 5-95 6-12 9:0 5:30 10
(III) 1693, 1608 6-54 5-96 7-3 574 18,6
(IVa) 1761 620 621 82 510 6
(Vb) 1751,1739 5-61 5:52 12-0 4-81 7,13
(VIITb) 1789, 1745 596 5-80 10-0
(XIb) 1715, 1695 382 105
1615
(XITa) 1680, 1655 6-00 5-92 11-5 5-26 »
(XIIb) 1746, 1695 5-75 5-27 12 4.22 6, 14
1622
(XIV) 1760
(XV) 1720, 1680
1610
(XVII) 1747 5-69 A, 415
(XVIII) 1747,1713 5-69 4-55
(XIX) 1745, 1713 545
(XX) 1745 5-65 A, 545
(XXI) 1748 551 A, 530 7,12
(XX1Ta) 340 2,8
(XXITIa) 1740 588 568 12 6-15 *
(XXIIIb) 1747 584 570 12 5-09 *
(XXIIIc) 1745 5-83 A,
(XXIVa) 632 619 115 395 *
(XXIVDh) 1733 5:86 5-68 12 4-22 *
(XXVIT) 1725 711 A,

3H
4H —Ay
1H H Acetate T wy Acyl. Misc.
7-99 519 7
7-47
5-74(7)
767  4-26 8-18 (1«H)
7-96
7-86, 71-84
752 6-30 (OMe)
0-01 (CHO)
3:0* 4.03
4-07 792, 7-82
4-31 7-87 4-61 (6H)
3-93 7-80 673, wg 9
c./sec. (6H)
4-15 792, 7-95 4-15 (6H)
3-84 7-92 7-83 7-5 (6aH)
3-82 7-92 7-83 7-3 (6aH)
4:15 7-92, 7-95 4-15 (6H)
5-08(12) 7-83, 7-86
3-05(8) 3-22(2) 7-21 (6CH,, 9H)
7-88, 7-92 4-82 6
7-91, 800 4-73 7
7-89,7-93 5-03 7 7-57 (p-Me)
3:95 5-87 9
3-88(10) 7-99,7-94 4.8 *
4-68 7-35 *

* See Experimental for more details.

and catalytic hydrogenation 4 of aromatic steroids and
by the functionalisation and removal of the C-10 methyl
group by interaction with a 6p-hydroxy-substituent.®5
Here we describe the synthesis of 19-nor-Sa-cholest-
1(10)-en-3-one and 3-hydroxy-19-norcholesta-1,3,5(10)-

1 G. W. Barber and M. Ehrenstein, Annalen, 1957, 603, 89;
D. A. McGinty and C. Djerassi, Ann. N.Y. Acad. Sci., 1958, 71,
500.

2 A. J. Birch, Quart. Rev., 1950, 4, 69; ibid., 1958, 12, 17.

3 * Steroid Reactions,” ed. C. Djerassi, Holden Day, New
York, 1963, 267.

4 C. Chen, Tetrahedron, 1958, 8, 43; R. T. Rapalla and E.
Farkas, J. Org. Chem., 1958, 23, 1404.

oxidised to the ketone (IIa) which was converted into the
bromo-ketone (IIb)? by hydrogen bromide-catalysed
bromination in acetic acid. Although Wolff and his co-
workers 7 were unable to eliminate hydrogen bromide

5 A. Bowers, R. Villotti, J. A. Edwards, E. Denot, and O.
Halpern, J. Amer. Chem. Soc., 1962, 84, 3204; K. Heusler, J.
Kalvoda, Ch. Meystre, H. Ueberwasser, P. Wieland, G. Anner,
and A. Wettstein, Experientia, 1962, 18, 464; ibid., Helv. Chim.
Acta, 1963, 46, 344; M. Akhtar and D. H. R. Barton, J. Amer.
Chem. Soc., 1964, 86, 1528; M. Kocor and P. Lenowski, Bull.
Acad. polon. Sci., Ser. Sci. chim., 1968, 168, 289.

8 R. Kwok and M. E. Wolff, J. Org. Chem., 1963, 28, 423.

7 M. E. Wolff, W. Ho, and R, Kwok, Steroids, 1965, 5, 1.
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from this ketone (IIb) with a variety of reagents, treat-
ment with calcium carbonate in dimethylacetamide gave

0—CH, 0—CH, 0—CH,
RO” ! i g 0
H ’ l‘? H
(m “;’gf“ () (a)R=H ()
(bIR=H (b) R=Br
1 CH,;0R? CH;OH
AcO” : 9] ' 0 !
(1V) (@R =RZ=H (Vi)
(b)R' =R? = Ac
{c) R! =H,R2=Ac
OH
H c OH
0’7
&
W0 g
o2 (VIII) (a)R=H
g (Vi) (b)R= Me (IX)
HO.C R R CH,0R
%\ .\\ o‘\ ‘\\
) ' 0 : ] i 0 : i
H (X) H
(X1) {X11)
N (@) R=CH,0Ac {(a}R=H
{b) R=CHO (b) R=Ac
G (c) R= CO,H -
(d)R=H

{XI1I)

Josgueeg s

(XIY)

1XV) Me X\II) Me

a good yield of the 4-en-3-one (III). Boron trifluoride-
catalysed 8 acetolysis of the ethers (Ia), (IIa), (IIb), and

* The authors acknowledge helpful discussions regarding this
structure with Dr. M, P. Hartshorn, Univ. of Canterbury, New
Zealand.

8 C. R. Narrayanan and K. N. Iyer, Tetrahedvon Letiers, 1965,
1369.
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(III) was examined since this reagent was found most
successful in the cleavage of 2B,19-ethers without a
3-carbonylgroup.? The ether (I1a) with boron trifluoride
in acetic anhydride for 30 min., followed by preparative
t.l.c. gave a low yield of a compound tentatively identified
as the 3,3-diacetate * (IV) and mainly the 2«,19-di-
acetate (Vb). The ir. absorption maxima in the i.r.
spectrum of the gem diacetate (IV) occurred at 1761 cm.™.
The n.m.r. spectrum of (IV) (Table) showed a signal
equivalent to six protons at = 7-96 for the two acetoxy-
groups whilst the 2a-proton, coupled only to one of the
protons at C-1 (J 6 c./sec.) appeared at + 5-10, deshielded
by the two acetoxy-groups at C-3. The ease of acid
hydrolysis of the gem diacetate (IV) to the ether (Ila)
supports the assignment.

The diacetate (Vb) would be expected by the mechan-
ism proposed by Narayanan and Iyer® Boron tri-
fluoride complexing of the 2p,19-epoxide (IIa) followed
by Sx2 attack at C-2 would give the diacetate (Vb).
Due to steric hindrance no similar nucleophilic attack at
C-19 occurs.?

Hydrolysis of the diacetate (Vb) with methanolic
potassium hydroxide or with sodium carbonate solution
at 20° overnight gave the lactone acid (VIIIa) which on
treatment with diazomethane gave the methyl ester
(VIIIb) with v, 1789 (characteristic of a spirolactone 19)
and 1745 cm.™k. It has been postulated 1! with 2«-hydr-
oxy-ba-cholestan-3-one as a model, that autoxidation
would be expected to occur under these conditions to give
firstly the 2,3-dione (VI) and subsequently the hydro-
peroxide (VII). Intramolecular attack by the 19-hydr-
oxy-group in preference to intermolecular attack by
methanol,®* would give the lactone (VIIIa). No sign
of the alternative lactone (X) formed by way of the
hydroperoxide (IX) was observed. When the hydrolysis
was carried out with methanolic sodium hydroxide at
20° for 10 min., the optimum conditions found for the
hydrolysis of 2a-acetoxy-5a-cholestan-3-one,1! the major
product was 19-acetoxy-2a-hydroxy-5«-cholestan-3-one
(Ve).

Elimination of the 2«-hydroxy-group from the «-ketol
(Vc) would give the 1-en-3-one (XIa) which could then be
hydrolysed and decarboxylated to give 19-nor-5a«-
cholest-1-en-3-one. The elimination of the 2«¢-hydroxy-
group in 2a-hydroxy-5a-cholestan-3-one 1113 was in-
vestigated as a model for the ketol (Vc). No reaction
occurred when 2o«-hydroxy-Ha-cholestan-3-one was
treated with thionyl chloride in pyridine at 0° !4 whilst
treatment with thionyl chloride at 20°, with phosphorus
pentabromide,’® or with phosphorus oxychloride in

9 C. W. Shoppee, J. C."Coll, and R. E. Lack, J. Chem. Soc.
(C), 1969, in the press.

10 E. R. H. Jones and F. Herlig, J. Org. Chem., 1954, 19, 1252.

11 R, E. Lack and A. B. Ridley, J. Chem. Soc. (C), 1968, 3017.

12 T,, Ruzicka, P. A. Plattner, and M. Furner, Helv. Chim.
Acta, 1944, 27, 7217.

13 K. L. Williamson and W. S. Johnson, J. Amer. Chem. Soc.,
1961, 26, 4563.

14 g Hunech, J. Levisalles, and I. Tkatchenko, Bull. Soc.
chim. France, 1967, 3140.

15 E. L. Eliel and G. Haber, J. Org. Chem., 1959, 24, 143.
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pyridine 16 gave only 5a-cholestan-2,3-dione.*»17 A low
yield of 5a-cholest-1-en-3-one 18 was obtained when the
compound was heated with sulphuric acid in toluene
whilst use of naphthalene 8-sulphonic acid ¥ gave a low
yield of cholest-4-en-3-one. As a result of these un-
successful reactions, the dehydration of the ketol (Vc)
was not investigated.

The ether (III) was cleaved with boron trifluoride in
acetic anhydride to give, after preparative t.l.c., a yellow
oil (v, 1747, 1713 cm.™) which was homogeneous on
tlc. The n.m.r. spectrum, however, indicated it to be a
mixture of compounds since it contained signals for at
least three acetyl groups, + 7-97, 7-93, 7-84 and many
low-field protons of varying intensity. Since t.l.c. and
the n.m.r. spectrum showed that 2«,19-diacetoxycholest-
4-en-3-one (XIIb) was not one of the products, it was
considered that ether cleavage was being complicated by
enolisation of the 4-en-3-one system and a model com-
pound was examined. Cholest-4-en-3-one (XIII) with
boron trifluoride and acetic anhydride for 30 min.
followed by the addition of ice gave 3-acetoxycholesta-
3,5-diene 20 (XIV) after induced crystallisation. When
the reaction mixture was allowed to stand several hours
after the addition of ice, the product was mainly the
diketone (XV). This diketone (XV) has previously been
prepared by treatment of the enol acetate of cholest-4-en-
3-one (XIII) with the same reagent.®® The addition of
acetic anhydride to 19-acetoxy-5e-cholest-2-ene under
the same conditions has also been observed.?

By analogy with the results above, the products from
the cleavage of the ether (III) with boron trifluoride in
acetic anhydride appear to be a mixture of the enol
acetate (XVII) and the acetic anhydride addition product
(XVIII) which would account for complex signals for the
acetoxy and acetyl groups between + 8:0 and 7-8 and the
complex pattern of low-field protons. The u.v. absorp-
tion at A, 237 my supports the presence of the enol
acetate (XVII). Mild hydrolysis of this crude ether
cleavage product with potassium hydroxide in methanol
for 10 min., followed by preparative t.l.c. gave the 19-nor-
enol acetate (XIX) A, 283 my (calc. 283 my) and the
enol acetate (XX) 2, 237 my (calc. 237 my). Since the
A-4 double bond was complicating the ether cleavage,
an indirect route, introducing the double bond after the
ether cleavage, was investigated.

The 4a-bromo-ether (I1b) was slowly cleaved by boron
trifluoride in acetic anhydride during five days to give
only the 2«-acetate (XXI) which was converted into the
enone (XIIb) with calcium carbonate in dimethyl-
acetamide. Acid hydrolysis of the enone (XIIb) gave
the diol (XIIa) which was readily converted into the di-
acetate (XIIb). Treatment of the latter with methano-

18 A. Butenandt and J. Schmidt-Thome, Ber., 1939, 71, 1487;
L. H. Sarett, J. Amer. Chem. Soc., 1948, 70, 1454.

17 E, T. Stiller and O. Rosenheim, J. Ckem. Soc., 1938, 353.

18 A, Butenandt, L. Mamoli, H. Dannenberg, L. W. Masch,
and J. Paland, Ber., 1939, 72, 1617.

19 E, P. Kohler, M. Tischler, H. Potter, and H. T. Thompson,
J. Amer. Chem. Soc., 1939, 61, 1057; E. A. Braude and E. A.
Evans, J. Chem. Soc., 1955, 3324.
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lic hydrochloric acid under reflux for 48 hr. gave the
phenol (XXITa) characterised as the phenyl acetate
(XXIIb).22

Boron trifluoride-catalysed acetolysis of the acetoxy-
ether (Ia) gave, after 2 hr., the 2«x-0l (XXIIIa) as the
major product together with a small amount of the tri-
acetate (XXIIIb) expected from the Sy2 attack by the
acetate ion from the o-side of the molecule. Since the
2a-0l (XXIIIa) was not formed by partial hydrolysis of

?Ac
CH, CH OAc
AcO._ l l\ ACO;‘
AcO AcO :
(XVII) AcO co (XIX) (f
) Me Me
CH OAc CH OAc
0-. : , i\\ AcO., : 1 i i\\
, RO
(XX) (xxu PR (XXII)
Br
(a) R=H
(b} R =Ac
CH,0AC CHOR
RO_ s <
(XXI111) N
(a) R = H p : RO” (XX1V)
(b} R = Ac A0 H H  (aR=H
(¢) R = tosylate {bJR=Ac
CH,0AC CH,OH
CHa ~o (xxw (XXVI) (xxvm

the corresponding triacetate (XXIIIb), or by the addition
of water to the unsaturated diacetate (XXIVb), it was
concluded that the 2«-0l (XXIIIa) was formed by partici-
pation of the neighbouring 3a«-acetoxy-group in the
favourable intramolecular Sy2 cleavage of the ether (Ia)
to give the acetoxonium ion (XXV) which may be
stabilised by mesomerism 2 or may form the keten
acetal (XXVI). The keten acetal derived from 1,2-di-
acetoxycyclohexane reacted rapidly with aqueous acetic
acid to give the cis-hydroxy-acetate.?® The exclusive

20 H. H. Inhoffen, Ber., 1936, 69, 2146; U. Westphal, Ber.,
1937, 70, 2128.

21 B. C. Elmes, M. P. Hartshorn, and D. N. Kirk, jJ. Ckem.
Soc., 1964, 2285.

22 D, N. Kirk and M. P. Hartshorn,  Steroid Reaction Mechan-
isms,’ Elsevier, Amsterdam, 1968,

28 R. M. Roberts, J. Corso, R. Boschan, D. Seymour, and S.
Winstein, J. Amer. Chem. Soc., 1958, 80, 1247.

2¢ H. Hagiwara, S. Noguchi, and M. Nishikawa, Chem. Pharm.
Bull. Japan, 1960, 8, 84.
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formation of the equatorial 2a-0l on the addition of water
involves preferential proton-transfer in the intermediate
ortho ester to the C-2 equatorial oxygen atom. The
2q¢-01 (XXIIla) was converted into the corresponding
tosylate (XX1IIc) which, when heated under reflux with
s-collidine for 3 days gave the allylic acetate (XXIVb);
this was hydrolysed to the diol (XXIVa). Oxidation
of the diol (XXIVa) with Jones reagent at 0° under
nitrogen gave the 19-aldehyde (XIb) and traces of
acidic products. Attempts to eliminate the 19-alde-
hyde group as formaldehyde by alkaline hydrolysis with
4%, aqueous ethanolic sodium hydroxide # at 70° for
2 hr. gave only acidic products, possibly due to autoxid-
ation. Oxidation of the diol (XXIVa) with an excess
of Jones reagent gave the acid (XIc) contaminated with
two other acidic products possibly involving cleavage of
A ring. Decarboxylation of the crude acid (XIc) with
methanolic hydrochloric acid followed by preparative
t.l.c. gave 19-nor-5a-cholest-1(10})-en-3-one (XXVII).

The structures assigned above were confirmed by
spectroscopic methods and the relevant data are shown
in the Table. In particular, the ether (III) showed
signals for the vinylic 4-proton at + 4-26, the 1p-proton
at v 767 (Jgem 12 c./sec., Jigm, 2qm 6 c.fsec.) and for the
le-proton at = 8:18 (Jgem 12 c./sec.); while the signal for
2«-proton appeared as a quartet at t 574 (Jsum,18m
6 c./sec., Joum,am 1-8c./sec.). Theassignment of coupling
constants was made since irradiation at the frequency
of the 4-vinyl signal caused the signal for the 2«-proton
to collapse to a doublet (Jsum,18m 6 c./sec.). Further-
more, on irradiation at the frequency of the 2a-proton,
the signals for the geminal 1 protons appeared as a
clearly defined AB quartet.

The diacetate (Vb) showed i.r. absorption for the
acetoxy-groups (vp,. 1751 cm.?) and the 3-carbonyl
group (1739 cm.™) whilst the n.m.r. spectrum revealed
signals for the 19-methylene group at = 5-61, 552 (Jan
12-0 c./sec.), the two acetoxy-groups at + 7-86, 7-84, and
the 2B-proton at 7 4-61 (Jagm,1pm 7 c./sec. and Jogm,10m
13 c./sec.). The lactone (VIIIb) showed signals for the
19-methylene protons at = 596 and 5-80 appearing as an
AB quartet ( Jgem 10 c./sec.), whilst the 1 protons appeared
as an A, singlet at «~ 7-52. The diketone (XV) showed
i.r. absorption both for the 4-en-3-one (v, 1680, 1610
cm.™) and for the 6p-methyl ketone (v ,. 1720 cm.™d),
whilst the n.m.r. spectrum revealed a signal for the
equatorial 6a-proton at < 673 (Wgy 9 c.[sec.). The
n.m.r. spectrum of the phenol (XXIIa) showed signals
for three aromatic protons at ~ 3-40, 3-22, and 3-05; in
addition there was a broad signal at  7-21 assigned to
the three benzylic protons at C-6 and C-9. The derived
phenyl acetate showed u.v. absorption at 269 my (log
2-95) and 276 my (log ¢ 2-94) characteristic of a phenyl
acetate.?? 19-Nor-5a-cholest-1(10)-en-3-one  (XXVII)
showed ir. absorption at 1725 cm.™, whilst the n.m.r.
spectrum showed the 1-vinyl proton at 468 (J1g, 2,m 3-5
c./sec. and Jim, 9gm 3-5 c.[sec.).

25 1., Dorfman, Ckem. Rev., 1953, 53, 47.
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EXPERIMENTAL

M.p.s were determined with a Kofler hot-stage apparatus.
U.v. absorption spectra (in ethanol) and ir. absorption
spectra (in carbon tetrachloride) were measured with
Perkin-Elmer 4000A and 221 spectrophotometers respec-
tively. N.m.r. spectra were measured with Varian A60 or
HA100 instruments with deuteriochloroform as solvent
and tetramethylsilane as internal reference. Mass spectra
were measured with an MS9 double-focus mass spectro-
meter. Column chromatography was performed on alumina
(Spence type H, Activity II) or on alumina deactivated by
washing with 2N-acetic acid or on silica (Davison, 100-—200
mesh). T.Lc. was carried out on silica plates in ether—
hexane (1:4) and the plates were developed by spraying
them with concentrated sulphuric acid and then heating
them. Preparative t.l.c. was carried out on silica plates in
ether-hexane (1: 4); the plates were sprayed with berberine
hydrochloride and examined in u.v. light. G.l.c. was per-
formed in an F and M 400 instrument fitled with a disc
integrator on a column (1:75 m. X 3 mm. diam.) packed
with 19, silicone rubber (nitrile) XE60 on acid-washed
silanised Gas Chrom P (100—140 mesh), or on a column
(11 m. X 3 mm. diam.) packed with 3:8%, SE30 on Diato-
port (80—100 mesh); the injection port and detector were
ca. 60° higher than the column temperature, and helium
was used as the carrier gas at a flow rate of 75 ml./min.

2B,19-Epoxy-Ba-cholestan-3-one (11a).—The ether (Ila)
prepared according to the method of Kwok and Wolff ¢
had m.p. 111—113° (lit.,® 111—112°).

do-Bromo-28,19-epoxy-5a-cholestan-3-one (ITb).—The
ether (IIa) (810 mg.) in carbon tetrachloride (80 ml.) con-
taining a drop of hydrogen bromide in acetic acid was
treated with bromine according to the method of Wolff and
his co-workers 7 to give the 4w-bromo-ketone (IIb) m.p.
117° from ether-methanol (lit.,? 122—123°); M (mass
spectrometry) 478-2448. Calc. for C,,H,,BrO,, 478-2447;
isotope abundance: P: 478 (100%); P + 1: 479 (319%);
P 4+ 2: 480 (97%).

28,19-Epoxycholest-4-en-3-one (I11).—The bromo-ketone
(IIb) (380 mg.) in dimethylacetamide (8 ml) was added
dropwise to calcium carbonate (300 mg.) in boiling dimethyl-
acetamide (4 ml) during 3 min.; the mixture was heated
under reflux for 15 min. Isolation and chromatography on
silica gel in ether-hexane (1:10) of the product gave the
enone (III) (172 mg.), m.p. 133—135° (from acetonitrile);
M (mass spectrometry), 398-3184; CyH,,0, requires M,
398:3184; 2. 24356 mp (log £ 4-04); v, 1693, 1608
cm.l; 7 930 (C-18), 5:96, 6:54 (Jgem 7'3 c./sec., 19-CH,),
574 (J2ocH,4H 1-8 c./sec., ]20‘];[,13]1 61 C./SGC., 2(1-H), 4:26
(]4]5[’20(11 1-8 C./SGC., 4H).

Acetolysis of the Ether (11a) with Borvon Twifluoride in
Acetic Anhydride.—The ether (ITa) (200 mg.) in acetic an-
hydride (20 ml.) and ether (4 ml.) was treated dropwise
with boron trifluoride (16 drops) and left for 30 min. Ice
was added and the mixture was set aside for several hours
before it was extracted with ether. Preparative t.l.c. gave
2a,19-diacetoxy-5a-cholestan-3-one (Vb) (129 mg.) as an oil,
M (mass spectrometry), 502-:3659; CyHgOy requires 3,
502:3658; v . 1751, 1739 cm.™; < 9-32 (18-Me), 7-86, 7-84
(OAC), 561, 5:52 (]gem 125 C./SEC., 19-CH2), 4-61 (]23}5[’133 7
c./sec., Jagm,14m 13 c./sec., 2BH). A second product isolated
by preparative tlc. was 3,3-diacetoxy-28,19-epoxy-5a-
cholestane (IV) (20 mg.), m.p. 143—146° (from acetone), M
(mass spectrometry) 502:3659; C4H;0O; requires M,
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502-3658; v, 1761 cm.™; v 9-40 (18-Me), 7-96 (OAc), 6-29,
6:21 (Jgem 82 c.fsec., 19-CHy), 5-10 (J1gm, 28 6 c./sec.).

Hydrolysis of the Diacetate (Vb).—(a) The diacetate (Vb)
(25 mg.) in methanol (4 ml) was treated with potassium
hydroxide (60 mg.) in methanol (4 ml) at 20° for 16 hr.
Ether extraction gave the crude lactone acid (VIIIa) as an
oil (22 mg.) which was treated with ethereal diazomethane
and purified by preparative t.l.c. in ether-hexane (1:1) to
give the methyl ester (VIIID) (24 mg.), m.p. 119—121° (from
methanol); M (mass spectrometry) 446-3390; Cy4H,,0,
requires 446-3396; v, 1789, 1745 cm.™; T 9-32 (18-Me),
6-30 (OMe), 5:96, 5:80 (Jgem 10 c.[sec., 19-CH,), 7-52 (1-CH,).

(b) The diacetate (Vb) (40 mg.) in methanol (10 ml.) was
added to a solution of potassium hydroxide (85 mg.) in
methanol (20 ml.) under nitrogen. After 10 min., the
mixture was neutralised at 0° with dilute hydrochloric acid
and the solvent was evaporated off. Preparative t.l.c. on
silica in ether-hexane (1:1) gave 19-acetoxy-2u-hydroxy-
Sa-cholestan-3-one (Vc) (23 mg.) as an oil (Found: C, 75-5;
H, 10-3. C,H,40, requires C, 75:6; H, 10:5%); v, 3500,
1735, 1711 cm.}; < 9-34 (18-Me), 7-89 (OAc) 5-60, 552
(Jgem 12 c.fsec., 19-CH,), 5:72 (Jogm,18m 65 c.[sec., Jopm, 14H
12-0 c./sec., 2-H), 7-16 (J1gm, 26m 65 C.fs€C., Jgem 12-0 c.[sEC.).

Hydyolysis of the Diacetate (1Va).—(a) The diacetate (IVa)
(26 mg.) in ethanol (10 ml) was heated under reflux with
hydrochloric acid (10N) (0-5 ml) for 2 hr. The usual
isolation gave the ether (IIa) (20 mg.) m.p. and mixed m.p.
113—115° (from acetonitrile).

(b) The diacetate (IVa) (22 mg.) in methanol (5 ml) was
treated with potassium hydroxide (80 mg.) in methanol
(3 ml.) at 20° for 16 hr. The crude product was shown by
glc. and t.l.c. to be a mixture of at least four compounds
and was not further investigated.

Attempted Dehydvation of 2u-Hydroxy-du-cholestan-3-one.
—(a) Thionyl chlovide. 20-Hydroxy-5«-cholestan-3-one 11713
(50 mg.) was heated under reflux for 10 min. with thionyl
chloride (0-5 ml.).26 After ether extraction, preparative
t.l.c. gave unchanged starting material (10 mg.) m.p. 122—
125° (from methanol) ¥ and 5a«-cholestan-2,3-dione (15
mg.) identical with an authentic sample.!%-17

(b) Phosphorus  oxychloride—pyridine. 2q¢-Hydroxy-
5a-cholestan-3-one (50 mg.) in dry pyridine (3 ml) was
treated with phosphorus oxychloride at 0° for 16 hr. Pre-
parative t.l.c. gave 5a-cholestan-2,3-dione (20 mg.) identical
with the sample in (a) and 2,3-seco-5a-cholestane-2,3-dioic
acid (9 mg.) m.p. and mixed #? m.p. 195—197° (from ether-
hexane).

(c) Phosphorus pentabromide. 2o0-Hydroxy-5e-cholestan-
3-one (100 mg.) was ground with freshly sublimed phos-
phorus pentabromide (200 mg.}; addition of chloroform
(3 drops) followed by ether extraction gave, after prepara-
tive t.l.c.,, only 5a-cholestan-2,3-dione (58 mg.) identical
with samples prepared in (a).

(d) Sulphuric acid. 2wx-Hydroxy-5«-cholestan-3-one (50
mg.) was treated with concentrated sulphuric acid (1 ml.)
for 2 hr. at 20° before dilution with water. The crude
product, after extraction with ether, was shown by t.l.c.
to contain at least four compounds. Preparative t.l.c. gave
5a-cholest-1-en-3-one (3 mg.) m.p. and mixed 18 m.p. 97°.

(e) Naphihalene-B-sulphonic acid.?* Naphthalene-3-sul-
phonic acid (400 mg.) in dry toluene (500 ml.) was distilled
to remove 450 ml. of distillate. 2«-Hydroxy-5«-cholestan-
3-one (200 mg.) was added and the mixture was heated
under reflux for 2 hr. Preparative t.l.c. of the crude
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product after ether extraction gave cholest-4-en-3-one (39
mg.), m.p. and mixed m.p. 80—82°.

Acetolysis of the Ether (111) with Bovon Trifluoride in
Acetic Anhydride.—The ether (III) (200 mg.) in acetic
anhydride (20 ml.) and ether (4 ml) was treated dropwise
with boron trifluoride (16 drops) and then set aside for
30 min. Ice was added and the mixture was left for several
hours before it was extracted with ether. Preparative
t.l.c. on silica, in addition to unidentified oils, gave an
oil (100 mg.) thought to be a mixture of the enol acetate
(XVII) Ay, 237 my, v, 1747 cm.™}; < 569 (19-CH,), 7-92,
7-95 (OAc), 415 (2-vinyl protons), and the enol acetate
(XVIII), v, 1747, 1713 cm.?; 7 5:69 (19-CH,), 7-92 (OAc),
7-83 (Ac), 4-55 (28-H), 3-84 (4-H) and 75 (wg 9 c.[sec.,
6a-H). This mixture of enol acetates (50 mg.) in methanol
(10 ml.) was treated with potassium hydroxide (100 mg.)
in methanol (15 ml) under nitrogen at 20° for 10 min.
After neutralisation at 0° with dilute hydrochloric acid and
removal of the methanol i»n vacuo, the product was sepa-
rated by preparative t.l.c. to give the enol acetate (XIX) as
an oil (Found: C, 76:3; H, 9-6. C,H,,0, requires C, 76-5;
H, 9-85%); Ay 283 my (loge4:10); v 1745, 1713 cm.™;
7 7-92 (OAc), 7-83 (Ac), 7-3 (wg 9 c./sec., 6a-H), 5-45 (28-H),
3-82 (4-H). A further product isolated was the ewnol
acetate (XX) as an oil (15 mg.) (Found: C, 74-2; H, 9:49,;
CyyHy50; requires C, 74:35; H, 9-65%); A, 237 my (log
€ 3:99), v, 1745 cm.™; < 5-65 (19-CH,), 7-92, 7-95 (OAc),
5-45 (28-H), 4-15 (4 and 6-H’s).

Treatment of Cholest-4-en-3-one (XI1I) with Bovon Tvi-
Jfluoride.—The enone (XIII) (200 mg.) in acetic anhydride
(20 ml.) and ether (1 ml.) was treated dropwise with boron
trifluoride (16 drops). Ice was added and crystallisation
was induced by scratching the flask to give the enol acetate
(XIV) (115 mg.), m.p. 79—80° (lit.,22 80°); v_ _ 1760 cm.™
7 9-31 (18-Me), 7-87 (OAc), 4-31 (J4m,6m 18 c./sec., 4-H), and
461 (wg 9 c./sec., 6-H).

A repeat of the reaction in which the mixture was set
aside for several hours to allow hydrolysis of the acetic
anhydride, gave the diketone (XV) (207 mg.) m.p. 141°
(lit.,?* m.p. 141—142°) (Found: C, 81:2; H, 10-8. Calec.
for CoeH,Oy: C, 81:5; H, 10-99,), v, 1720, 1680, 1610
cm.l; 1 9-28 (18-Me), 7-80 (Ac), 3-93 (4-H), 6-73 (wg 9
c.fsec., 6a-H).

20,19-Diacetoxy-4o-bromo-5u-cholestan-3-one (XXI).—
The bromo-ether (IIb) (100 mg.) in acetic anhydride (20
ml.) and ether (2 ml.) was treated dropwise with boron tri-
fluoride (20 drops) for 5 days at 20°. Ice was added to the
mixture and after 2 hours the product was extracted with
ether to give the diacetate (XXI) as an oil (117 mg.); this
was homogeneous on t.l.c. (Found: C, 63:5; H, 8-29;
Cs:1H,BrO; requires C, 64:0; H, 8:6%); v, 1748 cm.?
T 935 (18-Me), 7-83, 7-86 (OAc), 551 (19-CH,), 5-08
(]4515(’ 5aH 12 C./SeC., 4'H), 5-30 (ngg{,]r[ 7 c./sec., JQBH’IH 13
c./sec., 2 B-H); isotope abundance M 580 (1009,), 581
(41%), 582 (100%,), 583 (41%).

20.,19-Diacetoxycholest-4-en-3-one  (XIIb).—The bromo- -
ketone (XXI) (850 mg.) in dimethylacetamide (16 ml.) was
slowly added to calcium carbonate (850 mg.) in dimethyl-
acetamide (8 ml.) under reflux for 2 hr. The product was
isolated and purified by preparative t.l.c. on silica to give
2a,19-diacefoxycholest-4-en-3-one  (XIIb) (587 mg.), m.p.
112—115° (Found: C, 74-25; H, 9-65; C,,H,,0; requires C,

% I.. F. Fieser and Y. Okumura, J. Org. Chem., 1962, 27,

2247; Y. Okumura, . Org. Chem., 1963, 28, 1075.
27 A, Windaus, Z. Physiol., 1932, 213, 147.
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74:35; H, 9:65%); A, 2405 mp (log & 4:17); v, 1746,

1695, 1622 cm.™; < 9-28 (18-Me), 7-91, 7-82 (OAc), 575,
5:25 (Jgem 11:0 c./sec., 19-CH,), 4-22 (Jopm,18: 60 c.[sec.,
Josm, 10w 14°0 c./sec., 2-H), 407 (4-H).

20,19-Dihydroxycholest-4-en-3-one (X1la).—The diacetate
(XIIb) (50 mg.) in methanol (14 ml.) was heated under
reflux with 3n-hydrochloric acid (7 ml.) for 2 hr. to give the
diol (XIIa) (42 mg.), m.p. 169—170° (from ether—pentane);
M (mass spectrometry) 416-3295; C,,H,,0, requires
416-3290; A, 245 my (log ¢ 4-08); v, 3380, 1680, 1655
cm.}; ©9-30 (18-Me), 6:00, 5:92 (Jgem 11+5 c./sec., 19-CH,),
5-26 (]2,8H,IBH 6 C./SGC., J%H’ 1eH 13 c./sec., 2-H), 4-03 (4-H).

3-Acetoxycholesta-1,3,5(10)-triene  (XXIIb).—The = di-
acetate (XIIb) (50 mg.) in methanol (20 ml.) was heated
under reflux with 3~N-hydrochloric acid (7 ml.) for 48 hr.
The crude oil (47 mg.) which was isolated was purified by
preparative t.l.c. to give the 2«,19-diol (XIIa) (13 mg.), m.p.
and mixed m.p. 169-—170° (ether—pentane) and cholesta-
1,3,5(10)-triene-3-ol (XXIIa) (9 mg.) as an oil, v 9-30 (18-
MB), 3-22 (]43, 20 2 c./sec., 4-H), 3-05 (‘]2]{’11:{ 8 C./SeC., I-H),
3:40 (J4m, om 2 c.[sec., Jom,1m 8 c./sec., 2-H), 9-21 (6-CH, and
9-H). The phenol (XXIIa) was treated with acetic an-
hydride (1 ml.) and pyridine (5 drops) for 4 hr. at 20° to
give the phenyl acetate (XXIIb), m.p. 91—93° (from ether—
methanol) (lit.,*® 93-5—95°) 2, 269 my (log ¢ 2-95) and
276 my (log ¢ 2-94).22

Acetolysis of the Ether (Ia) with Boron Trifluoride in
Acetic Anhydride—The ether (Ia) (200 mg.) in acetic
anhydride (20 ml.) and ether (4 ml.) was treated dropwise
with boron trifluoride (15 drops) and was then set aside for
2 br. Ice was added to the mixture and after several hours
the product was extracted with ether. Preparative t.l.c.
on silica in ether-hexane (1:1) gave 3«,19-diacetoxy-
ba-cholestan 20-0f (XXIIIa) (147 mg.), m.p. 126—127°
(from pentane); v, 1740 cm.”! (Found: C, 73-35; H,
10-30. C4,H;,O4 requires C, 73-75; H, 10-4%); < 9:36
(18-Me), 7-92, 7-88 (OAc), 588, 5:68 (Jgem 12c.[sec., 19-CH,),
6-15 (J2pm, 101 12 c.fseC., 2-H), 4-82 (wg 6 c.[sec., 3-H). A
further product was 2«,3a,19-triacetory-5a-cholestane (X111b)
(13 mg.), m.p. 129--130° (from acetone-methanol); v
1743 cm.™; M (mass spectrometry) 546-3917; C4,H;,0,
requires 546-3919; <t 9-36 (18-Me), 8:0, 7-91 (OAc), 5-84,
570 (Jgem 12 c.fsec., 19-CH,), 509 {Jogm,3q 3-5 c.[sec.,
J2pm, 18|, 3B c./sec., Jopm, 10w 12 c.fsec., 2 B-H), 4-73 (wg 7
c./sec., 3-H).

3a,19-Diacetoxy-ba-cholestan-2a-yl  Toluene-p-sulphonate
(XXIIIc).—The diacetate (XXIIIa) (80 mg.) in pyridine
(4 ml.) was treated with p-tolylsulphonyl chloride (188 mg.)
at 0° for 10 days to give the fosylate (XXIIIc) (59 mg.),
m.p. 78—80°, 141—143° (from pentane); M (mass spectro-
metry) 658-3895; C;0H,;;0,S requires 658-3903; 1 9-35

2 J. Romo, G. Rosenkranz, and C. Djerassi, J. Org. Chem.,
1950, 15, 1289.
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(18-Me), 7-93, 7-89 (OAc), 7-57 (p-Me), 5-83 (19-CH,),
5:03 (wg 7 c.fsec., 3-H), 2:17—2-73 (ArH).

3u,19-Diacetoxy-bu-cholest-1-ene (XXIVb).—The tosylate
(XXIIIc) (180 mg.) in collidine (30 ml.) was heated under
reflux for 3 days. Preparative t.l.c. on silica in ether-
hexane (1:1) of the product gave 3«,19-diacetoxy-5a-
cholest-1-ene (XXIVDb) (75 mg.) as an oil, v, 1733 cm.™?
(Found: C, 75-5; H, 9-8. C,;H,0, requires C, 75-8; H,
10-0%); = 9-32 (18-Me), 7-99, 7-94 (OAc), 568, 586 (Jeem
12-0 c./sec., lg-CHz), 4-80 (]333,21:[ 4:5 C./SeC., ]33}1,43]1 4-5
c.fsec., 3-H), 4-22 (Jom,3pm 45 c.fsec., Jomw,1m 10-0 c./sec.,
2-H), 388 (J1m,2m 10-0 c./sec., 1-H).

So-Cholest-1-ene-30,19-diol  (XXIVa).—The diacetate
(XXIVDb) (47 mg.) was heated under reflux with 5%, potas-
sium hydroxide in methanol (2 ml.) for 1 hr. to give the
diol (XX1IVa) (37 mg.), m.p. 153—154° (from acetonitrile);
Vg, 3310 cm.™1; M (mass spectrometry) 402-3499; C,,H,0O,
requires 402:3498; < 9-33 (18-Me), 6-32, 6-19 (Jgem 115
c./sec., 19-CH,), 5-87 (wg 9 c./sec., 3p-H), 3-95 (1-H and
2-H).

19-Formyl-5a-cholest-1-en-3-one (XIb).—The diol (XXIVa)
(50 mg.) in acetone (5 ml) was treated dropwise with
Jones’ reagent for 10 min. at 0°. Preparative t.l.c. of the
product gave the aldehyde (XIb) which decomposed on
attempted recrystallisation; M (mass spectrometry)
398:3190; C,,H,,0, requires 398-:3185; v .. 1715, 1695,
1615 cm.™; < 9-28 (18-Me), 3-00 (Jim,or 10-5 c.fsec., 1-H),
3:82 (J1m, 2m 10-5 c./sec., 2-H), 0-01 (19-CHO).

19-Nor-5a-cholest-1(10)-en-3-one  (XXVII).—The diol
(XXIVa) (150 mg.) in acetone (15 ml.) was treated with an
excess of Jones reagent (0-7 ml) for 2 hr. T..c. of the
crude product showed three polar products which were
not further purified but were dissolved in ethanol (10
ml.) and treated with 29, aqueous hydrochloric acid (2 ml.)
under reflux for 1 hr. T.lc. showed that the major acidic
compound had disappeared and preparative t.l.c. on silica
gave- 19-nor-5a-cholest-1(10)-en-3-one (XXVII) as an oil
(40 mg.); v, 1725, 1678 cm.™? (Found: C, 84:0; H, 11-5.
CyeHy,O requires C, 84-4; H, 11-45%); =t 9:32 (18-Me),
4-68 (Jim,2qm 35 C.[sec., J1m, 98w 3-5 c.[sec., 1-H), 711 (wy 4
c.fsec., 2-CH,), 735 (Jgem 11 c./sec., 4x-H), and 770 (Jyem
11 c./sec., J4BH,50:II 6 C-/Sec‘! 46'H)'

Attempted Isomerisation of 19-Novcholest-1(10)-en-3-one.—

‘The ketone (XXVII) (15 mg.) in benzene (5 ml.) was treated

with boron trifluoride (1 drop) at 20° for 3 days. The
product was shown to be a mixture of conjugated en-one
(XId), v, 1687 cm.? and the unconjugated ketone
(XXVII), v, 1725 cm. ™.

max.
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