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The solvolysis of 3P,19-dihydroxyandrost- 
5-ene-17-one-3-acetate 19-tosylate (Ib) led 
to the A6-5 19-cycle steroid IIa or a variety 
of 6=-substituted 5,19-cyclopropanes V depend- 
ing upon the reaction conditions. The poeei- 
bility that these reactions proceed through 
an intermediate homoallylic brid 
is discussed. The formation of f 

ed cation 
P,19-cyclo- 

butanes from 19-hydroxyandrost-4-ene 3,17- 
dione tosylate (VIb) is described 

Recent work from these laboratories 3-5 and independ- 

ent studies by the Ciba group 697 have made 1%hydroxy-A5- 

olefines readily available. These compounds have found 

important use as intermediates for improved syntheses of 

19-nor steroid hormones 3-7. Further studies of the 

chemistry of this interesting P,g -unsaturated neopentyl 

primary alcohol system are now possible and this paper 

describes the conversion of 3P,19-dihydroxyandroat-5-ene- 

17-one 3-acetate (Ia) into various 5P,19-cyclopropanes and 

the preparation of some 6P,19-cyclobutanes. 

A solution of 3P,19-dihydroxyandrost-5-ene-l7-one 



2 TEROIDS 41 

I a, R= OH; Y=O 

b, R= OTs; Yz 0 

c, R= OTs; Y.<;] 

d, R= Cl; Y= 0 

0 e 0 
H 

IPa, 5a-H 

b, iiaP- H 

OR 0 

YIa, R= H 

b, R=Ts 

S 

II a, 

b, 

c, 

d, x=/OH 
‘H 

; Y=/OPY 
“H 

0 

& RO , t e, x= 0; V,<OH 

f, xzys$HH 

g, X=Y=O 

h,X=<;H, y=o 

i, x =$H; y&H 
‘We 

j, X=0; Y=q-t 

Ya, R=Aq Z=OAc 

b, R=Ac; Z=OH 

c, R=Ac; t=N3 

d, R=Ac; Z=OEt 

e, R=Ac; Z=OiPr 

f, R=H; Z=N3 

g, R=N3; J-ketone 
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3-acetate L9-tosylate (Ibj4 mm heated under reflux in 

pyridine solution for 16 hours to afford 3&hydroxy--5,19- 
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cycloandrost-6-en-17-one acetate (118) in good yield. 

The nuclear magnetic resonance (R.&R.) twmdmm8 of IIa 

(see Table 1) revealed that the 19-proton resonance at ca. 

244 c.p.s. in the tosylate Ib, had shifted to high field 

characteristic of oyclopropyl protons. Moreover, the 

splitting pattern for this resonance, an AB quartet with 

L 4.9 C*P.S., is typical of cyolopropyl methylene with 

no adjacent cyclopropyl protons. Deshielding of one 

cyclopropyl proton to 70.8 c.p.s. is due to the 

magnetic anisotropy of the neiighbouring 6,7-double bond. 

The protons of the latter appeared as the AB portion of 

an ABX pattern (Jm = 9.8 o.p.s., JAx = 2 o.p.a.). 

Olefinic proton resonance appearing as a pair of doublets 

was assigned to the C-6 rather than to the C-7 proton 

(doublet) since the stereochemical disposition of these 

two protons relative to the axial 8P-proton is such aa 

to favor long-range 6%8PH coupling' while minimising 

7H-8PH ooupling, 

The formation of IIa from Ib is analogous to the 

conversion of the bicyclic alcohol A 19 ' -lO-hydroxymethyl- 

octaline benzenezulfonate (A) into C0,1,4,41-A'-trioyolo- 

undecene (B)" and clearly proceeds as shown (A--+B).ll 

CH2 
/, 

-OR 

& \ 'c@ / 
UH 
L'3 
A 

(A) 
(6) 
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Various hormone analogs containing the A6-5,19- 

cycle system were prepared by conventional procedures . 

Reduction of the 17 ketone (IIa) with sodium borohydride 

in aqueous dioxane solution gave the uorresponding 17@- 

alcohol (IIb) which was converted into the pyranyl ether 

110. Alkaline hydrolysis of the 3-acetate group to the 

alcohol IId followed by oxidation at C-3 with chromium 

trioxide in pyridine solution and acid hydrolysis of the 

proteoting pyranyl ether group gave 17~hydroxy-5,19- 

oyolomdroat-6-em-3-one (IIe). 

Alkaline hydrolysis of the dial monoaoetate IIb 

gave the dial Iff whioh was oxidized with Jones reagent12 

to the dime IQ, In the R.M.R. rrpeotrum of the dione 

IIg a quartet for the protons of the cyolopropyl methyl- 

ene were clearly visible and assignments of a doublet to 

the proton at C-7 and a pair of doublets to the C-6 

proton were made on the basis of arguments outlined above. 

Hydrogenation of IIg in benzene solution with a 5s 

palladia-carbon catalyst led to the uptake of 1.07 ~101s 

of hydrogen.' Purification of the product by alumina 

chromatography led to 5,19-oycloandrosta-3,17-dione (III). 

In ethanol solutfon the uptake of hydrogen was 2 mols 

affording a mixture of 5a-androstane-3,17-dione (ITa) and 

SP-androstane-3,1?-dione (IVb). A possible explanation for 

the formation of IVb is that androst-4-ene-3,17=dione is an 

intermediate in the hydrogenation reaction. The N.M.R. 

spectrum of the saturated dione III revealed that the chemical 
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shift, A’V 9 between the cyclopropyl protons was substantially 

smaller than for the A6-compounds IIa and IIg, in full agree- 

ment with the suggestion (vide supra) that in the unsaturated 
-- 

derivatives one of these protons suffers long-range deshielaing 

by the olefinic double bond. In IIg the second cyclopropyl 

methylene proton is also deshielded. 

Hydrolysis of the acetoxy ketone IIa with potas- 

sium carbonate gave the corresponding alcohol IIh, and 

reaction of IIa with methyl magnesium bromide gave the 

17a-methyl dial (III). hidation of III afforded the 

3.ketone (11s). 

A series of reactions of the A5-19-tosylate Ib 

with different nucleophiles was then investigated. 

Previously4 we have reported on the preparation of 3P- 

hydro~-l9-chloroandrost-5-ene-l7-one (Ia> via treatment 

cf the tosylate Ib with lithium chloride in isOprOptmO1 

solution13 . It now appears, however, from our accumulat- 

ed experience of reactions of this A'-19-tosylate system 

that displacements of this type (i.e., Ib *Id> are the 

exception rather than the rule and that the normal course 

of nucleophilic attack of a A5 -19-tosylate results in the 

formation of 6a-substituted or A6-5,19-cycl,opropane 

structures. These reactions are analogous to the conver- 

sion of A5-3Ltosylates into 6a-substituted 3,5-i- 

Treatment 

dioxan afforded 

of Ib with potassium acetate in aqueous 

a mixture of the 6a-acetoxy-5,19-cyclo- 
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steroid Va and the corresponding 

In oontrast to lithium chloride4 

diol monoacetate Vb. 

or lithium bromide 13 

displacements of the A5-19-tosylate Ib it was found that 

sodium azide in ethanol solution smoothly reacted with Ib 

to afford a mixture of the 6a-azide Vc and the 6a-ethoxide 

Vd. Similarly, in isopropanol solution both the azide Vc 

and the 6a-isopropoxide Ve were obtained. Hydrolysis of 

the Ga-azide J-acetate Vo led to the free J&alcohol Vf 

oxidation of which furnished the corresponding 3,17-dione 

Vg. W.M.R. spectroscopy aided elucidation of the struc- 

tures of several of these compounds (table 1). For the 

derivatives Vd-g either two or four peaks of the AB 

quartet for cyclopropyl methylene protons were clearly 

visible at high fields. Characteristic triplet and 

quartet patterns for ethoxy disclosed this structural 

feature of Vd. Similarly the isopropoxy unit in Ve was 

revealed in a 6-proton doublet and a l-proton quartet. 

The change from j&hydroxyl, Vf, to %ketone, Vg, results 

in deshielding of one cyclopropyl proton as observed 

earlier with the conversion of IIa to IIg. 

The solvolysis reactions which have been noted 

above for the A5-1%tosylate system can be rationalized 

as proceeding via a rate controlled unimolecular reaction 

to a homoallylic bridge ion which is stabilized by distri- 

bution of the charge between C-19 and C-6 (C+Di,E or 

F). 

eperiments are under way to clarjfy this point and 
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to establish the kinetic order of the reaction as well as to 

determine whether anchimeric assistance by the double bond or 

steric factors control the rate of the solvolysis of the 

A5-1%tosylate . 15 

The availability of 1%hydroxyandrost-4-ene 3,17- 

dione3'7 (VIa> encouraged us to study the formation of 

6,19-cyclobutanes by a base promoted intramolecular 

alkylation reaction 16 of the corresponding tosylate VIb. 

&&[f&@q 
C 

I 

In a nitrogen atmosphere treatment of VIb with sodium 

methoxide in anhydrous methanol under reflux for 24 hr. 

led to three products which were separated by chroma- 

tography over alumina. The major product formed in over 

50s yield was the 6,19-cyclobutane (VII),1l the structur- 

al assignment of which rested on analytical U.V. and I.R. 

and N.M.R. data. In the ultraviolet VII exhibited 

maximum absorption at 242 rnp, log E 4.19 characteristic 

of a A4-3-keto group and strong bands in the infra red 

(solution in Ccl41 at 5.73 (17-ketone!, 5.98 (conjugated 
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Table 1 

N.m.r. speotral data for 19 

substituted androetanee. a,a,b 

Compound 18-H 19-H Other protons 

Ib 46.2' 

IIa 54.3 

IIg 

III 

Vd 

Ve 

54.8 

53.4 

52.2 

52.1 

242.0 and 
245.7 (inner 
peaks of AB 
quartet) 

33.6 and 
38.4 68.3 
and 33.2 
(AB quartet, 
5, 4.9 0.p.s.) 

44.6 and 

g5~26L_Yd 

23.9, 30.0, 

;5:: yit 
yyt;t, 

-&s.) 

19.1 ana 
24.1 (only 
visible pair 
of Al3 quartet 
2, 5.0 0.p.s.J 

17.8 =a 
22.6 (only 
visible pair 
of AB 

118.9 (Ok); 145. 
(ArCH3); 337 (6-H , 3 

m 

120.3 (OAo); 342.3 
and 344.3, 352.1 and 
354.0 (6-H, & 7, 
9.8 c.p.s., %'a 2 
c.p.s.1 313.5 La 
323.3 (7-H, & 7, 
9.8 c.P.s.) ’ 

321.6 and 331.5 
342.9 (a! 

d. 
(7-H); 
and 353.2 (a) (6-H; 
&j . 7' 9.9 0.p.s.. 

C.P.8.) L6j8. c8. 2 

152 (4-CH2 1 

120.3 (OAC); 71.5,t 
(CH3 of ethoxy 
5,6.8 o.p.a.1: 
206.5, q. (methyl- 

ziA2'C$; 65.3 
. 

(equiv;ll&t methyls 
of isopropoxy, 
ZH 6.7 o.p.s.1; 
2193: q. (OCHMe2, 

~?%a 
6.6 0.p.s.) 
m. (6P-H). 
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Vf 

vg 

51.5 

53.9 

VII 58.7 

VIIIa 56.1 

VIIIb 56.0 

31.5 alla 
36.4 58.9 

243, m. half 

and 63.7 
ca. bond width 6 0.p.s. 

(AB quartet, 
(6P-HI 

h, 4.9 0.p.e. 

37.3 and 
43.4, (only 

161.0 (4-CH2); 

visible pair oa. 239, m. 

of AB quartet 
1, 6.1 c.P.s.~ 

(6P-H) 

8 Wi ,t; $4 ; 
- . 

e e 153.7, 171.8 and 
ld7.4,q. (4-CH2) 

e 164.3 (4-CH2; 
189.0 (me). 

8EXcept where indioated to the contrary reaonanaea are 

singlets; bd = doublet, q = quartet, t = triplet, 

m = multiplet ollhia resonance illustrates a powerful 

shielding of the 18-protons by the 19-toaylate substi- 

tuent. A detailed dieoussion of varione epeotral data 

for 19-substituted steroids will be presented else- 

where, P. Crabbd, L.H. Knox and A.D. Cross, manuscript 

in preparation; 'Resonanoe not dieoernible from 

surrounding proton reeonemoe. 

ketone), and 6.02 (shoulder) (double bond in conjugation 

with carbonyl group). 

The N.M.R. spectrum of the enone VII showed only 

one three-proton singlet and this, at 58.7 c.p.s., is 

downfield by oa. 3 c.p.s. from the normal resonance 

frequency of 17-ketoandrostanes (for endrost-4-ene-3,17- 

dione, ulg_= = 55.8 c.p.8. 17) No resonance assignable 

to protons on C-19 was locatable as was to be expected 
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from their aliphatic character, It was held significant 

that the C-4 proton resonance is a sharp singlet since it 

is now known9 that such protons give rise to a broadened 

'singlet' where a G&proton is present. The presenoe of 

a 6P-substitnent in compound VII was therefore indicated. 

A triplet at 196 c,p.s. was assignable to the allylie 

6a-cyclobutane proton coupled to both of the adjacent 

C-7 protons. 

Two minor products VIIIa and VIIIb were isolated 

from the ohromatogram of the reaation, both in less than 

3% yield, One was less and the other more polar towards 

alumina than the a,&unsaturated ketone VII. Treatment 

of the less polar product VIIIb with concentrated hydra- 

ohloric acid in dioxane solution gave the A4-3-ketone VII. 

Similarly VIIIa was converted into VII when an attempted 

acetylation was carried out with acetic anhydride in 

pyridine solution. These data taken together with the 

spectral and analytical data for these compounds led to 

their formulation as the 5a--methoxy and 5a-hydroxy uom- 

pounds VIIIa and VIIIb respectively. The N.M. R. speatrum 

of VIIIa showed a singlet for the 18.protons (56.1 c.p.s.) 

and three peaks of an AB quartet, Jm c8, 15.5 c,p,s, 

were also visible. The quartet was assigned to the methyl- 

ene at C-4 flanked on either side by carbon carrying no 

hydrogen. Conversely, the methyl ether VIIIb, which 

showed an extra three-proton singlet at 189 O.P.S. for 

the methoxyl, showed only a two-proton singlet for the 
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C-4 methylene. Apparently the influence of adjacent 

11 

methoxyl is to render both methylene protons accidental- 

ly equivalent. 

The a-eonfiguration assigned to the subeti‘t-rpent at 

C-5, in compounds VIIIa and VIIIb, was deduced from the 

Cotton effect observed by Circular Dichroism (C.D.)18. 

From a stereochemical point of view, the addftion 

of an hydroxyl function, as in VIIla, and methoxy-group- 

ing, as in VIIIb, on the activated A4_double bond, 

should occur from the a-side of the molecule, sfnoe the 

6,19-bridge considerably hinders the approaah of the re- 

agent from the P-side. This assumption was eonfirmed 

when the C.D. curves of these three substa;nces VII, 

VIIIa,b were obtained.19 The A4-3-keto bridged compound 

(VII) showed a positive C.D. maximum2o at 296mp (Ce] I 

7.7901, corresponding to the 17.keto-c~omo~hore. This 

maximum is well resolved from the intense negative 

maxima associated with the A4-3_keto_chromophore, around 

340 mpz, The C.D, curves of the diketo-bridged compounds 

VIIIa and VIIIb, both show a stronger positive Cotton 

effect than the parent compound VII (see experimental 

section). This considerable inorease of the C.D. 

positive maximum in VIIIa and VIIIb is attributable to an 

a-configuration of the substituent at C-5, ninoe 3-keto 

5P-(AJLcia)-steroids are known to show a negative 

Cotton effect by optical rotatory dispersion 21 axid 

Circular Dichroism. 22 Would this be the ease, the C.D. 
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maxim ef diketones VIIIa and VIIIb should be lower 

than In VII. The obrerved remltr are oppoelte, ttius 

lrdlortl~ a 5a-oonflguratlom for the eubrtltment at 

C-5 In both VIIIs and VIIIB. 

ExpERI?dEHTAL 

Microanalyses are due to Dr. A. Bernhardt, 

Max PlfLnck Inetltut, M&lhela (Ruhr), Germany. Rota- 

tlonr were taken at room temperature with a 1 dm 

tube at rodlum D-llaht (5890%). Infra-red apecArs 

were taken wlth a PerkIn-Elrer, Model 21, HaCl prim 

and ultra-riolet abrorptloa rpeatra with a Beokman 

opeatrephotometer &de1 D.U. (EtOH: 95% alcohol). 

~6-Ifrrdroxs-SP.19-osoloandroat~6~en-l7~one Aoetate 

(IIa). - A aolutlon of the 19-tosylate Ib (9.4 g.> In 

pyrldlne (188 ml.) wae heated under reflux for 16 hours. 

The reaotlon mixture was diluted wlth ethyl acetate, 

waehed with water, 2IV hydrochlorio sold and water, dried 

and evaporated to dryness. The oily resldae solldlfled 

upon swirling with methanol, giving 4.7 g. of 3P-hydroxy- 

5@,19-cyoloandrost-6-en-l7-one aoetate (IIa>. The ana- 

lytical ample from methanol had ra.p. 115-117O; [aID +79O; 

wax 213 lap, log c 3.77. 

Anal. Calod. for C2,_H2803: C, 76.79; H, 8.59; 

0, 14.61. Found: C, 76.51; H, 8.79; 0, 14.36. 

~P.19-Voloandroat-6-ene-3P.17P-diol. 3-Aoetate 
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(IIb). - A solution of sodium borohydride (0.28 g.) in 

dioxane (3 ml.) containing a few drops of water, was added 

to a solution of 3P-hydroxy-5P,19-cycloandrost-6-en-l7-one 

acetate (IIa) (0.57 g.> in dioxane (9 ml.>. After 3 hrs. 

at room temperature, acetio acid was slowly added to the 

mixture to destroy the excess of reagent. Addition of 

water and filtration afforded 5P,19-oyoloandrost-6-ene- 

3P,l7p do1 3-aaetate (IIb) (535 mg.) raised by crystalli- 

zations from acetone ,water and methanol-water to 83-87O; 

ra1, +llO; Amax 213 mp, log E 3.76. 

kal. Calcd. for C2lh30031/3 H20: C, 74.96; 

H, 9.19; 0, 15.84. Found: C, 74.72; H, 9.23; 0. 15.65. 

5P.19-Cvuloandrost-6-ene-3P.l7&diol 3-acetate-17- 

tetrahvdronyranvl ether (110). - To an anhydrous solu- 

tion of 5P,19-cycloandrost-6-ene-3P,l7Ldiol 3-acetate 

(IIb, 9 g.> in benzene (630 ml.> was added dihydropyran 

(23 ml.) and p-toluenesulfonic acid (4.5 g.>. The 

mixture was left at room temperature for 16 hours and then 

poured into aqueous saturated potassium carbonate solution 

(500 ml.>. The aqueous layer was separated, the benzene 

layer was washed with water (2 x 200 ml.>, dried and con- 

centrated to a small volume. This solution was then 

filtered over a short column of washed alumina (50 g.> 

Removal of the solvent gave a residue which was dissolved 

in hexane solution and again passed through a column of 

alumina (50 g.) in hexane. Removal of the hexane gave a 

product which was boiled for a few minutes in methanol 
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solution with charcoal, filtered and crystallized by the 

addition of water. The crude material (8.1 g., m.p. 

ll4-1200) was recrystallized from methanol-water to give 

pure 5P,19-cycloandrost-6-ene-3P,17P-diol, 3-acetate-17- 

tetrahydropyranyl ether (IIc.7.3 g.), m.p. 120-122°; 

Cal, +60; Amax 213 rng, log E 3,78. 

Anal. Calod, for c26?$304: C, 75.32; H, 9.24; 

0, 15.44. Found: C, 75.24; H, 9.10, 0. 15.38. 

5P.19-Cycloandrost-6-ehe-3P.17P-aiol 17-tetrahvdro- 

pyranyl ether (IId>. - 5P,19-C!yuloandrost-6-ene-3P,l7P- 

dial j-acetate 17-tetrahydropyranyl ether (110, 4 g.> was 

dissolved in 95$ methanol (100 ml.) containing potassium 

carbonate (5 g,) and the solution was heated under reflux 

for 1 hour. The methanol was removed under reduoed pres- 

sme, the residue was diluted with water and the product 

isolated by extra&ion with ethyl acetate. The combined 

extracts were washed well with water, dried and evaporat- 

ed, Crystallization from acetone-hexane afforded 59,19- 

cycloandrost-6-ene 3P,17Pndiol 17-tetrahydropyranyl ether 

(IId) (3.25 g.) m.p. 162~167O, raised by crystallixations 

from acetone-hexane to 170~175*r LO;&, -59O; Amax 213 rnp, 

log e 3.49. 

hal. Calcsd, for c24R3603: c, 77.37; H, 9.74; 

0, 12.88. Found: C, 77.61; H, 9.99; 0, 12.70. 

17P-Hydroxy-5P.19-uyoloandrost-6-en-3-one (IIe).- 

5/3,l9-C?ycloandrost-6-ene-3P,l7~-diol 17-tetrabydropyranyl 
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ether (IId+ 2.82 g.> was added to a mixture of chromic 

anhydride (2.8 g.> in pyridine (28 cc.> and kept at room 

temperature for 16 hrs. The reaction mixture was then 

diluted with ethyl acetate, filtered over celite, washed 

successively with water, dilute hydrochloric acid, 

sodium bicarbonate solution and water. After drying over 

sodium sulfate,removal of the solvent gave a product which 

was dissolved in tetrahydrofuran (90 ml.> containing 

hydrochloric acid (2N, 1.5 ml.). After 5 hours at room 

temperature, the solution was poured into water, extgact- 

ed with ethyl-acetate, the organic layer was washed with 

an aqueous bicarbonate solution and water, dried and 

evaporated. Chromatography of the residue on washed 

alumina and crystallization from acetone-hexane gave 

the 3-ketone (IIe> (80 mg.) m.p. 145-149O; [aID +24O; 

Xmax 213 rnp, log e 3.69. 

Anal. Calcd. for Cl9H26O2. 1/2 CH3COCH3: CJ8.05; 

H, 9.27; 0, 12.68. Found: C, 77.99; H, 9.18; 0, 12.28. 

5P.19-Wcloandrost-6-ene-3P.l7~-diol (IIf). - A 

solution of 5P,19-cycloandrost-6-ene-3P,l7P-diol, 3- 

acetate (IIb, 500 mg.) in methanol (25 ml.> containing 

potassium carbonate (1 g.) in water (3 ml.> was heated 

under reflux for 30 mins. The methanol was removed 

under reduced pressure, the residue was diluted with 

water and extracted with ethyl acetate. The extracts 

were washed well with water, dried and evaporated. 

Crystallization of the residue from aoetone-hex-0 
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afforded 350 mg. of 5P,19-cycloandroat-6-ene-3P,l7& 

diol (IIf), m.p. 185-188O; Cal, +16O; Amax 213 lap,' 

log E. 3.73. 

Asal. Calod. for ClgH2802.1/2 CH3CCCH3: 

C, 77.56; H, 9.84; 0, 12.60. Found: C, 77.75; 

H, 9.73; 0, 12.86. 

~P.19-Csolosadrost-6-ene-7.17-dione (11~). - Oxi- 

dation of 370 mg. opthe diol IIf with Cr03-pyridine 

oomplex aa desoribed above (IId--,IIe) afforded 200 mg. 

of the pure dione IIg, which showed m*p. 14'70149O; 

La], +lOlO; Amax 213 mys, log E 3.72. 

Anal. Calcd. for C1gH2402: C, 80.24; H, 8.51; 

0, 11.25. Found: C, 80.67; H, 8.59; 0, 10.87. 

~PA3ydroxy-5P.19-osoloandroat-6-en-17-one (IIh).- 

A solution of 3P-hydroxy-5~,19-cycloandrost-6-en-l7-one 

acetate (IIa,l g.> in methanol (25 ml.) aontaining potaa- 

arium sarbonate (1 g.) in water (3 ml.> wan heated under 

reflux for l/2 hour. After eonoentrating under reduoed 

preaswe, the residue was dissolved in ethyl acetate 

(25 ml.) and water (25 ml.) and the organio layer was then 

washed with water, dried and evaporated. The'residue was 

percolated over washed alumina (5 g.> in benzene solution, 

the filtrates were evaporated and the residue was cryrstal, 

lised from aeetome-hexane, thus giving 760 mg. of 3P- 

hydrory-5P,19-geloandroet-6-en-l7-one (IIh), m.p.204-207.0 

The ,anarlytioal aample wae obtained from aaetone-hexane, 

m.p. 208-209O with orystal change at 1800; Cal, +550, 
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bax 213 mp, log E 3.75. 

Anal. Caled. for Cl9H2602: C, 79.68; H, 9.15; 

0, 11.17. Found: C, 79.31; H, 8.90; 0, 11.75. 
. 

5 l- c - JQdro- 

genation of the A6 -dione (IIg) (57 mg.) in benzene solu- 

tion (5 cc,> over a 5% Pa/C catalyst (6 mg.) led to the 

uptake of 1.07 moles of hydrogen. The benzene solution 

was filtered, evaporated and the residue was adsorbed 

from benzene onto silica-gel (2 g.). Elution with 

benzene-chlorofo~ (3:l) and crystallization from 

methanol-water gave 5P,19-cycloandrostane-3,17-.dione 

(III) m.p. 128-135O, raised by further crystallizations 

to 135.1370, undepressed upon admixture with a sample 

of III prepared by an alternate procedure, 11q23 The 

infya-red spectra of the two samples were identical, 

>a ma 5P-Androstane-3.17~dione (IVa ma IW.- 

A solution of the A'-dione IIg (1.26 g,> in ethanol 

(25 co,'> was hydrogenated at atmospheric pressure in 

the presence of a 5% palladium on carbon catalyst 

(125 mg,>. The hydrogen uptake corresponded to 2.0 

mols. Filtration and removal of the solvent gave a 

product which was adsorbed from benzene onto silica 

gel. Elution with benzene-chloroform (95:5) and 

crystallization from aqueous methanol gave 5a- 

androstane-3,17-dione (IVa) (430 mg.> m.p. 135.136"; 

[alI) +lOlO. The m,p. of IVa was tandepressed upon 
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admixture with an authentic sample and the infra-red 

spectra were identical. 

Further elution with the same solvent system and 

crystallization from acetone-hexane gave 5P-androstane- 

3,17-dione (IVb) (370 mg.) m.p. 135-136O; [aID +103O. 

The m.p. of IVb was depressed to 120° upon admixture 

with IVa but andepressed upon admixture with 811 authentic 

sample of IVb. The fnfra-red spectra of IVb was dif- 

ferent from that of IVa but identical with that of the 

authentic sample. 

3P-Hydroxy-5P.19-cycloandrost-6-en-17-one (IIh).- 

3P-Hydroxy-5P,19-oycloandrost-6-en-l7-one acetate (IIa, 

1 g.) was dissolved in methanol (25 ml.> containing 

potassium carbonate (1 g.> in water (3 ml.> and the 

solution was heated under reflux for 0.5 hours. The 

methanol was removed under reduced pressure, the 

residue was diluted with water and extracted with 

ethyl acetate. The extracts were washed well with 

water, dried and evaporated. The residue was crystal- 

lized from acetone-hexane to give 840 mg. of 3P-hydroxy- 

5P,19-cycloandrost-6-en-l7-one (IIh), m.p. 206-208: The 

analytiaal sample had m.p. 208-2090, with crystal 

change at ~8. 1800; Cal, +55O; Xmax 213 mp, log E: 3.75. 

Anal. Calcd. for ClgH2602: C, 79.68; H, 9.15; 

0, 11.17. Found: C, 79.31; H, 8.90; 0, 11.75. 

17a-Methsl-5P.19-cscloandrost-6-ene-3~.17P-diol 

(III). - A solution of 3P-hydroxy-5P,19-cycloandrost- 
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6-en-17.one auetate (IIa 2 g,> in tetrahydrofura (60 ml3 

was added to an excess of an ethereal solution of 3L 

methyl magnesium bromide. After stirring for 16 hours 

at room temperature, the exee88 of reagent wae oarefnlly 

destroyed with aqueours ammonium chloride solution. This 

mixture was then aaidified with dilute hydrochloric acid 

and extracted with ethyl aoetate. The extracts were 

washed with water, dried and evaporated. The residue was 

filtered in benzene solution over a short column of was& 

ed alumSna and the filtrate8 evaporated. The orude 

residue (1.1 g., m.p. ea. 1600) was reorystallized 

several times from acetone-hexane. The product had 

m.p. 1'70~178*; EalD ;tO*; AZ' 213 mp, log E 3.64. 

ft ww not possible to obtain a eatisfaotolrg elemental 

analysis of Iii although it was ~~ornato~ap~~al~ 

homogeneous as evidenced by thin plate ohromatography, 

17~-Hydroxy-17a-methvl-5P.l9-c~~loandro~t-6-en-3- 

one (IIj). - To a solution of 17a-methyl=5P,19=ayclo- 

androst-6-ene-3P,17P-diol (IX, 0.93 g.> in pyridine 

(93 ml,) was added a mixture of chromio anhydride 

(0.93 g,> in pyridine (93 ml,>. After 16 hours at room 

temperature, the reaction mixture was diBxted with ethyl 

aoetate, filtered over uelite, washed with water, dilute 

hydrochloric acid, aqueous sodium bicarbonate solu%ion 

and water. The organic phase was then dried and evapor- 

ated and the residue adsorbed from benzene-hexane (2:3) 

onto washed alumina (30 g.>. Elution with the same 
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solvent pair gave 27P-hydroxy-17a-methyl-5P,19-oyolo- 

androst-6-en-3-one (III, 350 w.>, m,p. 165-175* raised 

by orystallizations from aoetone-hexane to m,p, 178-1800 

with a orystal change at oa. 16OO; Cal, +15O; log E 3.81 

at 210 mp. 

Anal. Calod, fOF c20H2802: C, '79.95; R, 9.39; 

0, 10,65. Found: C, 79.77; H, 9.66; 0. 11.08. 

Further elution with ohloroform gave 200 mg. of 

unohanged starting material III, 

SolvoWsis of ~~-19~i~dro~~drosto5~en-17-one 

hauetate 19-tosslate (Ib), - A solution of 27.6 g. of 

the tosylate Ib in 1 1. of dioxan and 530 ml. of water 

was treated with 36.7 g. of sodium aoetate and heated 

under reflux for 1 hr. The reaction mixture was oon- 

oentrated to a small volume in vaouo, diluted with 

saturated sodium chloride solution, and the product 

isolated with ethyl aoetate. The resulting oil (20.8 g.> 

was dissolved in hexane and adsorbed on a column of 1.7 

kg, of alumina. Crystallization of the produot eluted 

with benzene-hexane (9:1> from methanol afforded 3 g. of 

3P,6a-dihydroxy-5P,l9-cycloandrostan-l?-one 3,6-diaoetate 

@a) m,p, 112.ll3O. Several orystallizations of a small 

sample furnished the analytical sample m.p* 119-120°; 

iZaZjD +103O; ‘uma 3400, 1730 and 1250 om-? 

Anal. Calcd. for C23H3205: C, 71.10; H, 8.30; 

0, 20.59. Found: C, 71.05; H, 8.43: 0, 20.80. 

Continued elution with pure benzene gave a second 
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series of orystallime fractions whioh were combined and 

arystallized from seetone-hexane to yield 3P,6a-dihydro- 

~-5P,19-oyoloan8romtan-l7_ons 3-aoetate (Vb) with melt- 

ing point 127-1290. A pure speoimen of Vb exhibited 

m.p. 135-1360; Lag,, +1060; omax 1730, and 1250 am-'. 

Anal. Calod. for C2lH3004: C, 72.80; H, 8.73; 

0, 18.47. Found: C, 72.86; H, 8.90; 0, 18.65. 

Aoetylation of a amall erample of Vb with aoetic 

anhydride-pyridine mixture afforded a produot m.p.119-120° 

identiaal in all respects with the diaoetate Va. 

IP-Iiydro~-6a-ethoxy-5P.l9-ayoloandrorstan-l7-one 

aaetate (Vd) and 3P-hsdroxy-6a-azido-5P.l9=osolo- 

androstan-17-one acetate (Vu). - A mixture of the 19- 

tosylate Ib (1 g.>, sodium azide (1 g.> and ethanol 

(25 ml.) waz heated under reflex for 24 hours, diluted 

with water (25 ml.) and oonoentrated in vaouo. The 

resulting preoipitate was filtered and dried, then 

orystallized from methanol-water and from hexane to 

give 625 mg. of the 6-azide Vu, m.p. 114-116°. !3?he 

analytioal sample waz obtained by several reorystalliza- 

tions from aoetone-hexane, m.p. 119-120°; [al, +158O; 

Anal. Calod. for C21H2g03N3: C, 6f.90; H, 7.87; 

N, 11.31. Found: C, 68.06; H, 7.75; N, 11.43. 

The mother liquors of the azide Va were adaorbed 

onto alumina (35 g.> in hexane solution. Elution with 

hexane gave the 6a-ethoxy oompound Vd (270 mg.1 of m.p. 
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145-150°. The arM_ytical sample 25 , from hexane, had 

m.p, 150-150.5Q; Cal, +103*; 

Anal. Calod. for C23H3404: C, 73.76; R, 9.15. 

Found: C, 73.62; II, 9.07. 

androatqjl-l7-one aoetate (Vc). - The 19-tosylate (lb, 

1 g.) was dissolved in iaopropanol (25 ml.> and heated 

under reflex for 24 hours in the presenoe of sodium 

azids (1 a.>. The reaction mixture was filtered, the 

filtrata evaporated to dryness, the residue was dissolved 

in ethyl aaetate (50 ml.) and washed with water (2 x 50 

ml.). The dried extra&s were then evaporated to dryness, 

the reeidue was dissolved in hexane and adsorbed onto a 

column of washed alumina (30 g,>. El&ion with hexene- 

benzene (95:5) gave compound Ve (238 mg.), m.p.75-85°. 

Reoryatalllzation from hexane and from acetone-water 

gave the mlytiaal sample, m.p, 90-91°; falI, +97*. 

-1. Calcd. for c24H3604: c, 74.19; H, 9.34; 

0, 16.47. Found: C, 74.44; H, 9.45; 0, 15.75. 

Further elution of the column with benzene gave 

aompopnd Vo (484 mg.> m.p. l10-116°, undepreaaed upon 

ailrnixture with the azide obtained above. The infra-red 

epeotra of the two samples were fdentioal. 

3P-H~drox~-6a-azido-5~.l.9-cvoloandro&an-l7-ene 

_tvp- A solution of the szide acetate Vo (1.5 g.> in 

methanol (100 ml.> confining potassium carbonate (5 g,) 
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was heated under reflux for one hour. The reaction 

mixture was then neutralized with aoetio acid, ooncen- 

trated under reduced pressure and poured into water. 

The resulting preaipitate was oolleoted and dried 

(1.22 g. m.p. 150.155% The analytioal sample was 

obtained by dissolving the crude material in aoetone, 

filtering over washed alumina (1 g.> and orystalliaing 

from hexane. Compound Vf showed m.p. 165-166O; [al, 

+212o. 

ha1 . Calcd. for C19H2702N3: C, 69.27; H, 8.26; 

N, 12.76. Found: C, 69.47; H, 8.43; N, 12.83. 

6a-Azido-5P.19-cscloandrostane-Y.17-dione (VR).- 

A solution of 3P-hydroxy-6a-azido-5P,l9-oyoloandrostan- 

17.one (Vf, 250 mg.> in toluene (25 ml.> was heated to 

remove moisture and then mixed with cyolohexanone (5 ml.> 

and aluminum isopropoxide (500 me;.). The resultant 

mixture was heated under reflux for one hour and poured 

into dilute hydrochloric acid (100 ml, 2N). Extraction 

of the suspension with ethyl aoetate and evaporation of 

the dried extracts furnished the crude dione Vg, m.p. 

140-1450, (200 mg.) raised by several recrystalliza- 

tions from acetone-hexane to 1560157O; faJD +140°. The 

infra-red spectrum showed 2 carbonyl bands, 1710 and 

1730 cm-l and an azide band, 2090 cm-l. 

Anal. Calod. for ClgH2502N3: C, 69.70; H, 7.70; 

N, 12.84. Found: C, 70.42; H, 7.53; N, 12.49. 
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19-~Broxs~~roet-4-e~-~.17-~ione 19.toaylwte (VIb) 

A aolutian of 300 mg. of 19~~drOxyandrOat-4-en-3,17- 

ai0ne (VIEL)~'~ in 15 ml. anhydrous pyridine oontaining 

600 mg, ptoluene salfonyl ahloride w&m left at room 

tempera&me for 116 h, Water wm added and then a 

aoolea X0$ hydroahloria aaid solution tmtil the solution 

was aaid. The ethyl aaetate extraats were washed.with a 

5% Boai= Moarbonate solution and finally with water 

until neutral. After aqing over anhydrous sodi- 

sulfate, the eolution was filtered and aonaentrated to 

10 ml. in vaauwn and the produat allowed to crystallies 

at 00, Filtration afforded the toaylate (VIb) (180 mg.) 

m.p. x60-1640 eH 228 mp (log E 4.37). Rearyatalli- 

zations from ethyl alcohol provided the analytiaal 

eample of 19-~dro~~drost-4-en-3,17-dio~e 19-toeylate 

(VIb) mrp. 164-166O, fal, +165O (C, 1; CHC13); 

A:$ 228 BP (log E 4.361, 290-292 ap (log e 2.00); 

As 5,77, 5.99, 6.16, 6.26, 7.4, 8.38, 8,46 896 10.25 p. 

Anal. Cal&i. for c26H3205s: c, 68.39; H, 7.07; 

0, 17.52; s, 7.02. Found: C, 68.16; H, 7.22; 0,17.30 

S, 6.85. 

Treatment of the Tosslate VIb with sodium methoxide 

Sodium methoxide (1.45 g.) was added to a solution of 

4.35 8, of the tosylate (VIb) in 135 ml. of anhydrous 

methanol. and the reaction mixture allowed to reflux for 

24 hra.& anitrogen atmosphere. After dilution of the 

cooled solution with water and acidification with 10% 
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hydrochloric acid extraction 

2.82 Q. of amorphous material 

with ethyl aoetate afforded 

which was adsorbed from 

hexane-benzene (4:l) onto neutral alumina (140 g.). Elu- 

tion with hexane-benzene (6-4) and crystallization from 

acetone-hexane gave 5a-methoxy-6P,19-oycloandrostan-3,17- 

dione (VIIIb) (60 mg.) m.p. 139-142O; [al, +85O 

(c, 0.9; CHc13); m 288-294 mcr (log f 1.96); in 

alkaline medium26 hmax 288-294 mp (log E 1.94); in 

sold medium26b Amax 242-244 mp (log E: 3.39), 286-292 mp 

(log E 1.75). AZ 5.73 and 5.80 v. Nuolear magnetio 

resonance (N.M.R,) speotrum: 180methyl: 56 c.P.s., 

4-methylene: 164 c.p.s., 5-methoxyl: 189 a.p.s. 

Circular Dichroi%m (C.D.) owe 27: (C, 0.28; Dioxane) 

cs1302 + 15.700; 1e1,96 + 15.480; 101246 0. 

Anal. Calod. for C20H2803: C, 75.91; R, 8.92. 

Found: C, 76.01; H, 9.19. 

The Swiss authors report 11 : m.p. 135', [aID +77' 

(C, 0.59; CRC13); A?$ 244 mp (E 269), 298 mv (E. 84); 

Qmax 1733 and 1711 cm-'; N.M.R.: ff = 0.94/S CH3-18, 

3.14/S 5-OCR3 

Further elution with hexane-benzene (6-4) gave a 

compound (2 g,) which was recrystallized from aaetone- 

hexane to provide 6P,19-cycloandrost-4-en-3,17-dione 

(VII), m.p. 130-132O; Cal, -79' (C, 1; CHC13); A zg 

242-244 rnp (log E: 4.19), 296-300 rnp (log E: 2.12); in 

alkaline medium: Amax 242 rnp (log E 4.19), 296-302 mp 
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(log E 2.12); AZ4 5.73, 5.98 IL, 6.02 p (shoulder). 

N.M.R.: l8-methyl: 58.9 c.p.s.; 6a-H (1 protod)as a 

triplet: 195.5 c.p.s.; 4-H (1 proton); 337.7 o.p.8. 

C.D.27 (C, 0.34; Dioxane): L8l374 0; L01354- 3.960; 

[87340-7.890; [@I328 - 7.260; 101316 0; [@I296 +7.7go; 

“‘269 + 1.620. 

Anal. Calcd. for C19H2402: C, 80.24; H, 8.51. 

Found: C, 80.21; H, 8.34. 

The Swiss authors report 11 m.p. 132O; k1D -73' 

(C, 0.83; CHC13); Amax 244 rnj~ (E 15.460); Qmax 1735 

and 1660 om-? N.M.R.: S= 0.97/S CH3-18; 5.59/S 

CH-4 

Further elution with benzene-chloroform and crystal- 

lization from acetone-hexane gave 5a-hydroxy-6P,19-oyolo- 

androstan-3,17-dione (VIIIa) (90 mg.) m.p. 190-192O; 

[al, +99O (C, 0.25; CHC13); AZ 286-292 rnp (log E 

2.03); in alkaline medium 26 Amax 284-292 rnp (log E 

2.07); in acid medium 26 Xmax 242-244 rnp (log E 3.33). 

AcHc13 2.8, 5.76 and 5.83 cr. N.M.R.: l8-methyl: 55.7 max 

c.p.s.; 4-methylene as a quadruplet: 185.5 c.p.s., 170 

c.p.s. 152 and 135 c.p.s ., no olefinia proton and no 

proton on carbon bearing the hydroxyl group. C.D,27 

(C, 0.12; Dioxane): [Ol334 0; [e13o3 + 17.300; 

[*1297 + 17.000; CO1248 0. 

Anal. Calcd. for ClgH2603: C, 75.46; H, 8.67. 

Found: C, 75.22; H, 8.65. 
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Acid treamt of VIIIb. - To a solution of 500 mg. 

of VIIIb in 10 ml. dioxane, 1 ml. concentrated hydra- 

chloric acid was added. The reaction mixture was allow- 

ed to stand ov'ernight at room temperature. Excess of 

sodium bicarbonate was then added and the solvent 

evaporated to dryness. The residual material was dis- 

solved in acetone and the inorganic salts were filtered 

off. The filtrate was concentrated and hexane was added. 

Further recrystallization from acetone-hexane provided 

the unsaturated ketone (VII) m.p. 130-132O; Az 242 

rnp (log E: 4.16). 

The m.p. was undepressed upon admixture with an 

authentic sample of VII and the infra-red spectra were 

identical. 

Attempted acetylation of VIIIa. - A solution of 

VIIIa (200 mg.) in 3 ml.. anhydrous pyridine and 3 ml. 

acetic anhydride was allowed to stand overnight at room 

temperature. Water was then added and an excess of 10% 

hydrochloric acid solution and the product extracted 

with ethyl acetate. The organic layer was washed with 

sodium bicarbonate, water and dried over anhydrous 

sodium sulfate. After evaporation of the solvent in 

vacua, the amorphous product was chromatographed onto 

10 g. neutral alumina. Elution with benzene provided 

the a,P-unsaturated ketone (VII) (140 mg.): m.p.120-123°. 

Recrystallization from acetone-hexane gave a pure sample 

of VII, the m.p. of which was not depressed with an 
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authentic sample. The infra-red spectra were super- 

imposable. Further elution with benzene-chloroform 

(l-1) gave 30 mg. of starting material VIIIa. 
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Dr. It. Knox by a different route, to be published. 
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26. (a> The ultra-violet spectrum in alkaline medium 
refers to the ethanolic solution to which two 
drops of 10% KOH solution were added and the 
spectrum taken immediately; (b) The ultra-violet 
spectrum in acid medium' refers to the ethanolic 
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were added and the solution allowed to stand l/2 
hour at room temperature before taking the 
spectrum. 
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