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19-Nor and Aromatic Steroids. Part 1 The Cleavage of 3-Oxygenated- 
2P,19=ethers in the Cholestane Series 
By Ruth E. Lack * and Anne B. Ridley, Department of Organic Chemistry, The University of Sydney, Australia 

Acetolysis of 2~,19-epoxy-5a-cholestan-3-one, catalysed by boron trifluoride, gave mainly 2a.19-diacetoxy- 
5a-cholestan-3-one which was partially hydrolysed with methanolic sodium hydroxide a t  20" for 10 min. to 
1 9 - acetoxy- 2 a- h yd roxy- 5 a- c holest an - 3-0 ne which resisted dehydration. Acetolysis of 2 p.19 -epoxyc hol est - 
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,l9-epoxy- 
5a-cholestan-3-one was slowly cleaved with acetic anhydride and boron trifluoride to give only 2a.19-diacetoxy- 
4a-bromo-5a-cholestan-3-one which was readily converted by treatment with calcium carbonate in dimethyl- 
acetamide into 2a,19-diacetoxycholest-4-en-3-one; the latter compound w a s  hydrolysed with methanolic hydro- 
chloric acid to give 3-hydroxy-I 9-norcholesta-I ,3,5(1O)-triene. 

3~-Acetoxy-2~,19-epoxy-5a-cholestane was cleaved with boron trifluoride in acetic anhydride, probably 
involving an intermediate 2cc.3a-acetoxoniurn ion, to give mainly 3a.19-diacetoxy-5a-cholestan-2a-ol which was 
readily dehydrated to 3a.19-diacetoxy-5a-cholest-1 -ene ; this was then hydrolysed, oxidised, and decarboxylated 
to give 19-nor-5a-cholest-I (1 O)-en-3-one. 

SINCE the discovery that the removal of the angular triene by cleavage of BP,lS-ethers, thus providing a 
methyl group at C-10 often results in enhanced activity,l route to 19-nor and A-ring aromatic steroids without 
interest has increased in methods of synthesis of 19-nor involving the B-ring. 
analogues of steroid hormones. Successful partial 3a-Acetoxy-2~,l9-epoxy-5~-cholestane (Ia) , prepared 
syntheses have been described via the Birch reduction 233 by the method of Kwok and tVolff,6 was hydrolysed and 
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and catalytic hydrogenation of aromatic steroids and 
by the functionalisation and removal of the C-10 methyl 
group by interaction with a 6p-hydroxy-substituent .3p5 

Here we describe the synthesis of 19-nor-5a-cholest- 
1 ( 10) -en-3-one and 3-hydroxy-l9-norcholesta-l,3,5 ( 10) - 

G. W. Barber and M. Ehrenstein, AnnuZen, 1957, 603, 89; 
D. A. McGinty and C. Djerassi, Ann. N.Y. Acad. Sci., 1958, 71, 
500. p. J. Birch, Quart. Rev., 1950, 4, 69; ibid., 1968, 12, 17. 

3 Steroid Reactions,' ed. C. Djerassi, Holden Day, New 

4 C. Chen, Tetrahedron, 1958, 3, 43; R. T. Rapalla and E. 
York, 1963, 267. 

Farkas, J. Org. Chem., 1958, 23, 1404. 

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

A. Bowers, R. Villotti, J. A. Edwards, E. Denot, and 0. 
Halpern, J .  Amer. Chew. 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 .  Auner. 
Chem. Soc., 1964, 86, 1528; M. Kocor and P. Lenowski, Bull. 
Acad. polon. Sci., Ser. Sci. chim., 1968, 16, 289. 

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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1438 
from this ketone (IIb) with a variety of reagents, treat- 
ment with calcium carbonate in dimethylacetamide gave 

J. Chem. SOC. (C), 1970 
(111) was examined since this reagent was found most 
successful in the cleavage of 2p,19-ethers without a 

R H  
(n) (a )  R = H  (m) 

( b )  R = B r  

AcO' 
AcO k 

0 m 
(XIII)  

AcO rn 

f 

H (YXIII (a)  R = H 
( b ) R =  Me (1x1 

H 
(XI) (XI11 
(a )  R=CH,OAc ( a ) R = H  
( b )  R = C H O  ( b )  R=Ac 
( C )  R=C02H.  
( d l  R = H 

3-carbonyl group.g The ether (IIa) with boron trifluoride 
in acetic anhydride for 30 min., followed by preparative 
t.1.c. gave a low yield of a compound tentatively identified 
as the 3,3-diacetate * (IV) and mainly the 2a,19-di- 
acetate (Vb). The i.r. absorption maxima in the i.r. 
spectrum of the gem diacetate (IV) occurred at 1761 crn.-l. 
The n.m.r. spectrum of (IV) (Table) showed a signal 
equivalent t o  six protons at 7 7.96 for the two acetoxy- 
groups whilst the 2a-proton, coupled only t o  one of the 
protons at C-1 ( J  6 c./sec.) appeared at z 5.10, deshielded 
by the two acetoxy-groups at C-3. The ease of acid 
hydrolysis of the gem diacetate (IV) to the ether (IIa) 
supports the assignment. 

The diacetate (Vb) would be expected by the mechan- 
ism proposed by Narayanan and Iyer.8 Boron tri- 
fluoride complexing of the 2p,19-epoxide (IIa) followed 
by S&2 attack at C-2 would give the diacetate (Vb). 
Due to steric hindrance no similar nucleophilic attack at 
C-19 O C C U ~ S . ~  

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 vmX. 1789 (characteristic of a spirolactone lo) 
and 1745 cm.-l. It has been postulated l1 with 2a-hydr- 
oxy-5a-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 
methano1,ll 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-3-0ne,~~ the major 
product was 19-acetoxy-2 a-hydroxy-5a-cholest an-3-on e 

Elimination of the 2a-hydroxy-group from the a-ketol 
(Vc) would give the l-en-3-one (XIa) which could then be 
hydrolysed and decarboxylated to give 19-nor-5~- 
cholest-l-en-3-one. The elimination of the 2a-hydroxy- 
group in 2a-hydroxy-5~-cholestan-3-one 11-13 was in- 
vestigated as a model for the ketol (Vc). No reaction 
occurred when 2~-hydroxy-5a-cholestan-3-one was 
treated with thionyl chloride in pyridine at 0" l4 whilst 
treatment with thionyl chloride at Z O O ,  with phosphorus 
pentabromide,15 or with phosphorus oxychloride in 

D C. W. Shoppee, J. C. Coll, and R. E. Lack, J .  Ckem. SOC. 

(VC) - 

a good yield of the 4-en-3-one (1111. Boron trifluoride- 
catalysed * acetolysis of the ethers (la), ( Ih ) ,  (IIb), and 

('!; ~ . 6 ~ . i ; r . t ~ ~ ~ ~ ~ d  F. Herlig, J .  erg. Chefla., 1954, 19, 1252. 
11 R. E. Lack and A. B. Ridley, J .  Chenz. SOC. ( C ) ,  1968, 3017. 
12 L. Ruzicka. P. A. Plattner. and M. Furner. HeZv. Chinz. 

* The authors acknowledge helpful discussions regarding this 1944) 727* 
structure with Dr. M, P. Hartshorn, Univ. of Canterbury, New 
Zealand. 

1 9 ~ l , ~ 6 ~ 4 ~ ~ ~ m s o n  and w' '' Johnson, J *  Chenz' sOca' 

14  S .  Hunech, J. Levisalles, and I. Tkatchenko, BUZZ. SOC. 
* C. R. Narrayanan and K. N. Iyer, Tetrahedron Letters, 1966, chim. France, 1967, 3140. 

1369. l5 E. L. Eliel and G. Haber, J .  Org. Chern., 1959, 24, 143. 
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pyridine 16 gave only 5a-chole~tan-2,3-dione.~~*~~ A low 
yield of 5a-cholest-l-en-3-one 18 was obtained when the 
compound was heated with sulphuric acid in toluene 
whilst use of naphthalene (3-sulphonic acid l9 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 (111) was cleaved with boron trifluoride in 
acetic anhydride to give, after preparative t.l.c., a yellow 
oil ( v , ~  1747, 1713 cm.-l) which was homogeneous on 
t.1.c. The n.m.r. spectrum, however, indicated it to be a 
mixture of compounds since it contained signals for a t  
least three acetyl groups, 'c 7.97, 7-93, 7.84 and many 
low-field protons of varying intensity. Since t.1.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 S-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- 
%one (XIII) with the same reagent.21 The addition of 
ace tic anhydride to 19-acetoxy-5a-cholest-2-ene under 
the same conditions has also been ob~erved.~ 

By analogy with the results above, the products from 
the cleavage of the ether (111) 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 T 8.0 and 7-8 and the 
complex pattern of low-field protons. The U.V. absorp- 
tion at  Am=. 237 mp 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.1.c. gave the 19-nor- 
enol acetate (XIX) A,, 283 mp (calc. 283 mp) and the 
enol acetate (XX) A,, 237 mp (calc. 237 mp). 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 (IIb) was slowly cleaved by boron 
trifluoride in acetic anhydride during five days to give 
only the 2a-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- 

16 A. Butenandt and J. Schmidt-Thome, Ber., 1939,71, 1487; 

17 E. T. Stiller and 0. Rosenheim, J .  Chem. 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. Chew. SOL, 1939, 61, 1057; E. A. Braude and E. A. 
Evans, J .  Chem. SOG., 1955, 3324. 

L. H. Sarett, J .  Amer. Chem. SOC., 1948, 70, 1454. 

lic hydrochloric acid under reflux for 48 hr. gave the 
phenol (XXIIa) characterised as the phenyl acetate 
(XXIIb).22 

Boron trifluoride-catalysed acetolysis of the acetoxy- 
ether (Ia) gave, after 2 hr., the 2a-01 (XXIIIa) as the 
major product together with a small amount of the tri- 
acetate (XXIIIb) expected from the SN2 attack by the 
acetate ion from the a-side of the molecule. Since the 
2a-01 (XXIIIa) was not formed by partial hydrolysis of 

OAc 
I 

(XYII I  

CH-OAc 

(xrx) Fo 
Me 

C H20Ac 

H O - 8  Aco;& 

AcO I 

(a) R = H AcO .*w ,q 
(b)  R = Ac 
( c )  R = tosy late 

C H20Ac 
I i iH2OH 

(XXYI I )  

the corresponding triacetate (XXIIIb), or by the addition 
of water to  the unsaturated diacetate (XXIVb), it was 
concluded that the 2a-01 (XXIIIa) was formed by partici- 
pation of the neighbouring 3a-acetoxy-group in the 
favourable intramolecular SN2 cleavage of the ether (Ia) 
to give the acetoxonium ion (XXV) which may be 
stabilised by mesornerismB or may form the keten 
acetal (XXVI). The keten acetal derived from 1,Z-di- 
acetoxycyclohexane reacted rapidly with aqueous acetic 
acid to give the cis-hydroxy-a~etate.~~ The exclusive 

2o H. H. Inhoffen, Ber., 1936, 89, 2146; U. Westphal, Bey. ,  

21 B. C. Elmes, M. P. Hartshorn, and D. N. Kirk, J .  Chem. 

2% D. N. Kirk and M. P. Hartshorn, ' Steroid Reaction Mechan- 

23 R. M. Roberts, J. Corso, R. Boschan, D. Seymour, and S. 

24 H. Hagiwara, S. Noguchi, and M. Nishikawa, Chew. Pharm. 

1937, 70, 2128. 

SOC., 1964, 2285. 

isms,' Elsevier, Amsterdam, 1968. 

Winstein, J .  Amer. Chem. SOG., 1958, 80, 1247. 

Bull. Jafian, 1960, 8, 84. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
70

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

W
es

te
rn

 O
nt

ar
io

 o
n 

29
/1

0/
20

14
 2

1:
18

:5
0.

 
View Article Online

http://dx.doi.org/10.1039/j39700001437


1440 J. Chem. SOC. (C), 1970 

formation of the equatorial 2~-01 on the addition of water 
involves preferential proton-transfer in the intermediate 
ortho ester to the C-2 equatorial oxygen atom. The 
2a-01 (XXIIIa) was converted into the corresponding 
tosylate (XXIIIc) 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 hydroxide25 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.1.c. gave 19-nor-5a-cholest-1 (lO)-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 (111) showed 
signals for the vinylic $-proton at z 4-26, the lp-proton 
at z 7-67 (Jgem 12 c./sec., J@H,2& 6 c./sec.) and for the 
I&-proton at T 8.18 (Jgem 12 c./sec.) ; while the signal for 
2cc-proton appeared as a quartet at T 5.74 ( J B c i ~ , 1 ~ =  

6 c./sec., Jza=,4n 1-8 c./sec.). The assignment of coupling 
constants was made since irradiation at the frequency 
of the 4-vinyl signal caused the ,signal for the 2a-proton 
to collapse to a doublet (Jacr=,1BH 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 (vmx. 1751 cm.-l) and the 3-carbonyl 
group (1739 cm.-l) whilst the n.m.r. spectrum revealed 
signals for the 19-methylene group at T 5-61, 5-52 (JAB 
12.0 c./sec.), the two acetoxy-groups at 'C 7.86, 7.84, and 
the 2p-proton at z 4.61 (JZpH,lflH 7 c./sec. and J ~ B H , ~ ~ H  

13 c./sec.). The lactone (VIIIb) showed signals for the 
19-methylene protons at z 5.96 and 5.80 appearing as an 
AB quartet (Jgem 10 c./sec.), whilst the 1 protons appeared 
as an A, singlet at T 7-52. The diketone (XV) showed 
i.r. absorption both for the 4-en-3-one (vmX 1680, 1610 
cm.-l) and for the 6p-methyl ketone (vmL 1720 cm.-l), 
whilst the n.m.r. spectrum revealed a signal for the 
equatorial 6a-proton at  T 6-73 (W, 9 c./sec.). The 
n.m.r. spectrum of the phenol (XXIIa) showed signals 
for three aromatic protons at  z 3.40, 3-22, and 3.05; in 
addition there was a broad signal at z 7-21 assigned to 
the three benzylic protons at C-6 and C-9. The derived 
phenyl acetate showed U.V. absorption at 269 mp (log E 

2.95) and 276 mp (log E 2.94) characteristic of a phenyl 
acetate .22 19-Nor-5cc-cholest-l(10) -en-3-one (XXVII) 
showed i.r. absorption at 1725 cm.-l, whilst the n.m,r. 
spectrum showed the 1-vinyl proton at 4.68 (JIH, 2& 3.5 
c./sec. and J I E ,  ~ B H  3.5 c./sec.). 

b 

25 L. Dorfman, Chew.. Rev., 1953, 53, 47. 

EXPERIMENTAL 

M.p.s were determined with a Kofler hot-stage apparatus. 
U.V. absorption spectra (in ethanol) and i.r. absorption 
spectra (in carbon tetrachloride) were measured with 
Perkin-Elmer 4000A and 22 1 spectrophotometers respec- 
tively. N.m.r. spectra were measured with Varian A60 or 
HA1 00 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 11) or on alumina deactivated by 
washing with 2N-acetic acid or on silica (Davison, 100-ZOO 
mesh). T.1.c. 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.1.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.1.c. was per- 
formed in an F and M 400 instrument fitted with a disc 
integrator on a column (1.75 m. x 3 mm. diam.) packed 
with 1% silicone rubber (nitrile) XE6O on acid-washed 
silanised Gas Chrom P (100-140 mesh), or on a column 
(1.1 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 rnl./rnin. 

2p,19-Epoxy-5a-cholestan-3-one (IIa) .-The ether (IIa) 
prepared according to the method of Kwok and Wolff 
had m.p. 111-113" (lit.,6 111-112"). 

4a-Bromo-2p, 19-epoxy-5a-choZestan-3-one (IIb) .-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? to give the 4~-bromo-ketone (IIb) m.p. 
117" from ether-methanol (lit.,? 122-123") ; M (mass 
spectrometry) 47812448. Calc. for C,,H,,BrO,, 478.2447 ; 
isotope abundance: P :  478 (100%); P + 1:  479 (31%); 
P + 2: 480 (97%). 

ZP, 19-EpoxychoZest-4-en-3-one (111) .-The bronio-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 
enom? (111) (172 mg.), m.p. 133-135' (from acetonitrile) ; 
M (mass spectrometry) 398.3184; C2?HQ202 requires AT, 
398-3184; A,, 243-5 mp (log E 4.04); vmx 1693, 1608 
crn.-l; T 9.30 (C-18), 6.96, 6.54 (Jgem 7.3 c./sec., 19-CH,), 
5.74 ( J 2 c r ~ , 4 ~  1.8 c./sec., J z c r ~ , 1 ~ ~  6.1 c./sec., 2a-H), 4.26 

Acetolysis of the Ether (Ira) with Boron Triguoride in 
Acetic Avzhydride.-The ether (IIa) (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.1.c. gave 
Za, 19-diacetoxy-5u-choZestan-3-on~ (Vb) (129 mg.) as an oil, 
M (mass spectrometry), 502.3659; C,,H,,O, requires M ,  
502.3658; vmX 1751, 1739 cm.-l; z 9.32 (18-Me), 7-86, 7-84 
(OAc), 5-61, 5-52 (Jgem 12.5 c./sec., Ig-CH,), 4.61 ( J ~ o I ~ , ~ B H  7 
c./sec., J ~ B H , ~ ~ H  13 c./sec., ZPH). A second product isolated 
by preparative t .l.c. was 3,3-diacetoxy-2PJ 19-epoxy-5a- 
cholestane (IV) (20 mg.), m.p. 143-146" (from acetone), M 
(mass spectrometry) 502.3659 ; C,,H,,O, requires M ,  

(J4H,2aH 1.8 c./sec*~ 4H). 
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502.3658; vmx. 1761 cm.-l; T 9.40 (18-Me), 7.96 (OAc), 6.29, 
6.21 (Jsem 8.2 c./sec., 19-CH,), 5-10 ( J ~ s H ,  2gg 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 purifikd by preparative t.1.c. in ether-hexane (1 : 1) to 
give the methyl ester (VIIIb) (24 mg.), m.p. 119-121* (from 
methanol) ; M (mass spectrometry) 44693390 ; C,&4@4 
requires 446-3396; vmx 1789, 1745 cm.-l; T 9-32 (18-Me), 
6.30 (OMe), 5.96, 5.80 (Jgem 10 c./sec., 19-CH2), 7.52 (1-CH2). 

(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.1.c. on 
silica in ether-hexane (1 : 1) gave 19-acetoxy-2a-hydroxy- 
5a-cholestan-bone (Vc) (23 mg.) as an oil (Found: C, 75-5; 
H, 10.3. C,,H,,O, requires C, 75.6; H, 10.5%) ; vmax. 3500, 
1735, 1711 cm.-l; T 9.34 (lS-Me), 7.89 (OAc) 5.60, 5-52 

12.0 c./sec., 2-H), 7.16 (J1gHy2pH 6.5 c.jsec., Jgem 12.0 c./sec.). 
Hydrolysis of the Diacetate (IVa) .-(a) The diacetate (IVa) 

(26 mg.) in ethanol (10 ml.) was heated under reflux with 
hydrochloric acid ( 1 0 ~ )  (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.) a t  20" for 16 hr. The crude product was shown by 
g.1.c. and t.1.c. to be a mixture of a t  least four compounds 
and was not further investigated. 

Attemfited Dehydration of 2a-Hydroxy-5a-cholestan-3-one. 
-(a) Thionyl chloride. 2a-Hydroxy-5a-cholestan-3-one 11-13 

(50 mg.) was heated under reflux for 10 min. with thionyl 
chloride (0.5 ml.) .z6 After ether extraction, preparative 
t.1.c. gave unchanged starting material (10 mg.) m.p. 1 2 2 -  
125' (from methanol) 11-13 and 5ol-cholestan-2,3-dione (15 
mg.) identical with an authentic sample.ll, l7 

(b) Phosphorus oxychloride-~yridine. 2a-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 27 m.p. 195-197' (from ether- 
hexane) . 

(c)  Phosphorus fientabromide. 2a-Hydroxy-5a-cholestan- 
%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. 2a-Hydroxy-5a-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.1.c. 
to contain at  least four compounds. Preparative t.1.c. gave 
5a-cholest-l-en-3-one (3 mg.) m.p. and mixed 18 m.p. 97". 

(e) Naphthalene-P-sulphonic acid.,1 Naphthalene-p-sul- 
phonic acid (400 mg.) in dry toluene (500 ml.) was distilled 
to remove 450 ml. of distillate. 2a-Hydroxy-5a-cholestan- 
%one (200 mg.) was added and the mixture was heated 
under reflux for 2 hr. Preparative t.1.c. of the crude 

(Jgern 12 c./sec., 19-CH,), 5.72 (J2flHy1flH 6.5 c./sec., J2fiHylaH 

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 Boron Trifluoride in 
Acetic Anhydride.-The ether (111) (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 i t  was extracted with ether. Preparative 
t.1.c. on silica, in addition to unidentified oils, gave an 
oil (100 mg.) thought to be a mixture of the enol acetate 
(XVII) hmax, 237 mp, v ~ ~ .  1747 cm.-l; z 5.69 (19-CH2), 7.92, 
7-95 (OAc), 4.15 (2-vinyl protons), and the enol acetate 
(XVIII), vmx. 1747, 1713 cm.-l; T 5.69 (19-CH2), 7.92 (OAc), 
7.83 (Ac), 4.55 (2p-H), 3.84 (4-H) and 7-5 (wH 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 a t  20' for 10 min. 
After neutralisation at  0" with dilute hydrochloric acid and 
removal of the methanol ira vacuo, the product was sepa- 
rated by preparative t.1.c. to give the enol acetate (XIX) as 
an oil (Found: C, 76.3; H, 9.6. C,,H,,O, requires C, 76.5; 
H, 9.85%) ; A,, 283 mp (log E 4.10); v,, 1745, 1713 cm.-l; 
z 7.92 (OAC), 7.83 (Ac), 7.3 (wH 9 c./sec., Ga-H), 5.45 (2P-H), 
3.82 (4-H). A further product isolated was the enol 
acetate (XX) as an oil (15 mg.) (Found: C, 74.2; H, 9.4%; 
C3,H4,05 requires C, 74.35; H, 9.65%); Am=. 237 mp (log 
E 3.99), vmaX. 1745 cm.-l; T 5-65 (19-CH2), 7.92, 7.95 (OAc), 
5.45 (2P-H), 4.15 (4 and 6-H's). 

Treatment of ChoZest-4-en-3-one (XIII) with Boron Tri- 
fluoride.-The enone (XIII) (200 mg.) in acetic anhydride 
(20 ml.) and ether (1 ml.) was treated dropwise with boron 
trifluoride (1 6 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.,,, SO"); vmaX 1760 cm.-I 
T 9.31 (18-Me), 7.87 (OAc), 4.31 ( J ~ H , ~ R  1-8 c./sec., 4-H), and 
4.61 (wB 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.,21 m.p. 141-142') (Found: C, 81.2; H, 10.8. Calc. 
for C,gH4@2: C, 81.5; H, 10-9%), vmX. 1720, 1680, 1610 
cm.-l; T 9.28 (lS-Me), 7.80 (Ac), 3.93 (4-H), 6.73 (wH 9 
c./sec., 6a-H). 

2a, 19-Diacetoxy-4a-bromo-5a-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.1.c. (Found: C, 63.5; H, 8.2%; 
C,,H,,BrO, requires C, 64.0; H, 8.5%); vmax. 1748 cm.-l 
T 9.35 (18-Me), 7.83, 7.86 (OAc), 5.51 (19-CH2), 5.08 

c./sec., 2 P-H); isotope abundance M 580 (looyo), 581 
(41%), 582 (loo%), 583 (41%). 

2a, 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.1.c. on silica to  give 
2a, 19-diacetoxychoZest-4-en-3-one (XIIb) (587 mg.), m.p. 
112-115" (Found: C, 74.25; H, 9.65; C31H4805 requires C, 

aa L. F. Fieser and Y. Okumura, J. Org. Chern., 1962, 27, 
2247; Y. Okumura, J .  Org. Chem., 1963, 28, 1075. 

A. Windaus, 2. Physiol., 1932, 213, 147. 

(J4j3H, 5@€I 12 c*/sec*, 4-H)7 5-30 (J2PHy1H 7 c./sec., JPBH,lH 13 
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74.35; H, 9.65%); A-. 240.5 mp (log E 4.17); v,, 1746, 
1695, 1622 cm.-l; z 9-28 (18-Me), 7.91, 7.82 (OAc), 5.75, 
5.25 ( J g e m  11.0 c./sec., 19-CH2), 4.22 (J~BH,~~H 6.0 c./sec., 

2a, 19-Dihydroxycholest-4-en-3-one (XIIa) .-The diacetate 
(XIIb) (50 mg.) in methanol (14 ml.) was heated under 
reflux with S~-hydrochloric acid (7 ml.) for 2 hr. to give the 
diol (XIIa) (42 mg.), m.p. 169-170" (from ether-pentane) ; 
M (mass spectrometry) 41 6.3295 ; C&t&3 requires 
416.3290; Amx. 245 mp (log E 4.08); vm, 3380, 1680, 1655 
cm.-l; z 9.30 (18-Me), 6-00, 5.92 (Jgem 11.5 c./sec., 19-CH2), 

3-A cetoxycholestu-1,3,5( lO)-triene (XXIIb) . T h e  di- 
acetate (XIIb) (50 mg.) in methanol (20 ml.) was heated 
under reflux with 3~-hydrochloric acid (7 ml,) for 48 hr. 
The crude oil (47 mg.) which was isolated was purified by 
preparative t.1.c. to give the 2cc,l9-diol (XIIa) (13 mg.), m.p. 
and mixed m.p. 169-1 70" (ether-pentane) and cholesta- 
1,3,5(10)-triene-3-01 (XXIIa) (9 mg.) as an oil, T 9.30 (18- 
Me), 3.22 (J~H,~H 2 c./sec., 4-H), 3.05 (J~H,~R 8 c./sec., 1-H), 

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.,28 93-5-95') A,, 269 mp (log E 2.95) and 
276 mp (log E 2.94).22 

Acetolysis of the Ether (Ia) with Boron TrifEuoride 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 hr. Ice was added to the mixture and after several hours 
the product was extracted with ether. Preparative t.1.c. 
on silica in ether-hexane (1 : 1) gave 3a,l9-diacetoxy- 
5a-cholestan 2a-ol (XXIIIa) (147 mg.), m.p. 126-127" 
(from pentane); vmx. 1740 cm.-l (Found: C, 73.35; H, 
10.30. C31H520, requires C, 73-75; H ,  10.4%); T 9.36 
(18-Me), 7.92, 7-88 (OAc), 5.88, 5-68 (Igem 12 c./sec., 19-CH2), 
6.15 (Jgp~,l& 12 c./sec., 2-H), 4.82 (WE 6 c./sec., 3-H). A 
further product was 2a, 3a, 19-triacetoxy-5a-cholestune (XIIIb) 
(13 mg.), m.p. 129-130" (from acetone-methanol) ; v,, 
1743 cm.-l; (mass spectrometry) 546.3917; C&& 
requires 546.3919; z 9-36 (18-Me), 8-0, 7.91 (OAc), 5.84, 

J2BH,I& 14.0 C./SeC., 2-H), 4.07 (4-H). 

5.26 (J2,3=,1p~ 6 c./sec., J2pH, la 13 c./sec., 2-H), 4.03 (4-H). 

3.40 (J4H, 29 2 C./SeC., J2H, 1~ 8 C./SeC., 2-H), 9-21 (6-CH2 and 

5.70 (Jgem 12 C./SeC., 19-CHz), 5.09 (J2pH,3H 3.5 C./SeC., 
J2BH, 1 p K ~  3.5 c./sec., J2BH, laH 12 c./sec*, 2 P-H), 4-73 (WE 7 
c./sec., 3-H). 

3a, 19-Diacetoxy-5a-cholestan-2a-yl Toluene-p-sulphoPzate 
(XXIIIc) .-The diacetate (XXIIIa) (80 mg.) in pyridine 
(4 ml.) was treated with p-tolylsulphonyl chloride (188 mg.) 
a t  0" for 10 days to give the tosylate (XXIIIc) (59 mg.), 
m.p. 78-80', 141-143' (from pentane) ; M (mass spectro- 
metry) 658.3895; C38H580,S requires 658.3903; T 9.35 

J. Romo, G. Rasenkranz, and C. Djerassi, J .  Org. Chem., 
1950, 15, 1289. 

(lS-Me), 7.93, 7.89 (OAc), 7.57 @-Me), 5.83 (19-CH2), 
5.03 (wn 7 c./sec., 3-H), 2.17-2.73 (ArH). 

3a, 19-Diacetoxy-5a-cholest-l-ene (XXIVb) .-The tosylate 
(XXIIIc) (180 mg.) in collidine (30 ml.) was heated under 
reflux for 3 days. Preparative t.1.c. on silica in ether- 
hexane (1 : 1) of the product gave 3a,19-diacefoxy-5a- 
cholest-l-ene (XXIVb) (75 mg.) as an oil, v,, 1733 cm.-l 
(Found: C, 75.5; H, 9.8. C,,H,,O, requires C, 75-8; H, 
10.0%); 7 9.32 (18-Me), 7.99, 7.94 (OAC), 5.68, 5.86 (Jgem 
12.0 C./SeC., 19-CHJ, 4.80 (J3BH,2H 4.5 C./Sec., J3DH,4pH 4.5 
c./sec., 3-H), 4.22 (J~H,~BH 4.5 c./sec., J~H,JB. 10.0 c./sec., 

5a-ChoZest-l-ene-3cc, 19-dioZ (XXIVa) .-The diacetate 
(XXIVb) (47 mg.) was heated under reflux with 5% potas- 
sium hydroxide in methanol (2 ml.) for 1 hr. to give the 
diol (XXIVa) (37 mg.), m.p. 153-154" (from acetonitrile) ; 
vmx. 3310 cm.-l; M (mass spectrometry) 402.3499 ; C2,H4,O, 
requires 402.3498; z 9.33 (18-Me), 6.32, 6.19 (Jgem 11.5 
c./sec., 19-CH2), 5-87 (wH 9 c./sec., 3P-H), 3.95 (l-H and 

19-Formyl-5a-choZest- 1-en-3-one (XIb) .-The diol (XXIVa) 
(50 mg.) in acetone (5 ml.) was treated dropwise with 
Jones' reagent for 10 min. a t  0". Preparative t.1.c. of the 
product gave the aldehyde (XIb) which decomposed on 
attempted recrystallisation ; M (mass spectrometry) 
398.3190; C27H4202 requires 398.3185; v , ~  1715, 1695, 
1615 crn.-l; T 9.28 (18-Me), 3.00 (J1=,2= 10.5 c./sec., 1-H), 
3.82 (J~H,~H 10.5 c.]sec., 2-H), 0.01 (19-CHO). 

19-Nor-5a-choZest-l(l0)-en-&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.1.c. of the 
crude product showed three polar products which were 
not further purified but were dissolved in ethanol (10 
ml.) and treated with 2% aqueous hydrochloric acid (2 ml.) 
under reflux for 1 hr. T.1.c. showed that the major acidic 
compound had disappeared and preparative t.1.c. on silica 
gave. 19-nor-5a-cholest-l(l0)-en-3-one (XXVII) as an oil 
(40 mg.); v,, 1725, 1678 crn.-l (Found: C, 84.0; H, 11.5. 
C26H420 requires C, 84.4; H, 11.45%); z 9.32 (18-Me), 

c./sec., 2-CH,), 7-35 (Jgem 11 c./sec., 4a-H), and 7.70 (Jgem 

Attempted Isomerisation of 19-Norcholest-1 (lO)-en-3-one.- 
The ketone (XXVII) (15 mg.) in benzene (5 ml.) was treated 
with boron trifluoride (1 drop) a t  20' for 3 days. The 
product was shown to be a mixture of conjugated en-one 
(XId), v,,~ 1687 cm.-l and the unconjugated ketone 
(XXVII), v,,,. 1725 cm.-l. 

One of us (A. B. R.) acknowledges the award of a Common- 
wealth Research Studentship. We also acknowledge a 
grant by the Australian Research Grant Committee. 

2-H), 3.88 (JIH,2H 10.0 c./sec., 1-H). 

2-H) . 

4-68 (J1H,2aH 3.5 c./SeC., J1H,2pH 3.5 C./SeC., l-H), 7.11 (WH 4 

11 C./SeC., J4pH,5gH 6 C./SeC., 4p-H). 

[9/1811 Received, October 24th, 19693 
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