
Dec. 1964 S T E R 0 I D S 729 

THE SYNTHESIS OF SOME ANALOGS OF /k4'9-3-KETOSTEROIDS 

FROM I-VINYL-~I(9)'5(IO)-6-HEXALONE 

N.N.Gaidamovich, I.V.Torgov 

Institute for Chemistry of Natural Products, USSR 

Academy of Sciences, Moscow 

Received August 28, 1964 

Abstract. The compounds /k4'9-19-nor-D-homoandrostadiene • 

-14~-ol-3,17a-dione (II), 2k4'9-19-nor-D-homoandrostatriene - 

-3,17a-dione (IV), 2-methyl-l-( ~ -carboxypropyl)-2k 1(10a),4a,8 

-octahydrophenanthrene-7-one (V) and /k4'9-8,14-seco-19-nor-D - 

-homoandrostadiene-3,14,17a-trlone (VI) have been synthesized 

by condensation of 1-vlnyl-~1(9)'5(10)-6-hexalone (I) with 

methyldihydroresorcinol (III) under various conditions. In the 
presence of acids the triketone (VI) and /k2'5(I0)'9(11)- 3- 

methoxy-8,14-secc-19-nor-D-homoandrostatriene-14,17a-dione 

(VII) yield the diketol (II) and the diketone (IV). Reaction 

of the ketone (I) with 2-methylcyclopentane-l,B-dione leads to 

/k4'9-8,14-seco-19-norandrostadiene-3,14,17-trione (IX). 

Earlier I it was shown that condensation of 1-vinyl-/k I(9)' 

5(10)-6-hexalone (I) with methyldihydroresorcinol (III) in the 

presence of diethylamine affords A4'9-19-nor-D-homoandrosta - 

diene-14-cl-3,17a-dione (II), which proved to be 14~-isomer ~. 

We have now found that the course of the reaction is strongly 

dependent on the condensation agent. First of all it was found 

that the yield of the diketol (II) is determined by the quali- 

ty of the diethylamine. Strange as it may seem, with pure, 

m"A paper on the configuration of diketol (II) will 
be soon published. 
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distilled diethylamine the reaction practically does not take 

place (97% of the methyldihydroresorcinol being returned), 

whereas ordinary diethylamine gives 20-24% of the diketol (II) 

and best yields are obtained on utilizing the residue from 

distillation of commercial diethylamine. 

Of the impurities, triethylamine and diethylamine carbona- 

te were tested as possible promoter~ of the action of diethyl- 

amine. On reaction of diethylamine carbonate with methyldihyd- 

roresorcinol /in the presence of the trienone (I)/ diethylami- 

ne methyldihydroresorcinatewas formed, when this salt was heat- 

ed with the trienone (1) in a mixture of tert.butanol and xyle- 

ne, a mixture of compounds was formed of which only the diketo- 

ne II and the known /~4'9'8(14)-19-nor-D-homoandrostatriene-3, 

17a-dione (IV) 2 could be isolated in 5 and 2,3% yields,respecti 

rely. 

wriethylamine proved to be a weak condensation agent; in 

the presence of pyridine the reaction did not take place at 

all; with piperidine the reaction mixture yielded Iu% of the 

diketol ~II), 7~ of the trienedione ~IV) and 2u% of an acidic 

product of the composition C19H2403.H20, apparently the hydra- 

te of 2-methyl-l-t~ -carboxypropylj-/k1(Ioa)'4a'8-octahydro - 

phenanthrene-7-one ~V). The ultraviolet spectrum of v 
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( ~ max326 m~) accords well with this formula. 

c.~ C'3u ° 

o ~ ~  ~ . / r -  _1 - \ "  • o ~ P _  / /  [ " iv 

/ ,1, 
"o 

CHtO v v - "  CH30- v v wu v,~ 
The acid~V) is formed as the result of the hydrolytic cleavage 

of the diketone ~IV), which may be regarded as the vinylog of 

the 2,2-disubstituted cyclohexanedione-1,3. Similar examples 

have been often described in the literature 3. 

Condensation of the trienone ~I) with methyldihydroresor- 

cinol In the presence of writon B in xylene at 110 ° gave 

~ . 4 ' 9 - 8 , 1 4 - s e c o - 1 9 - n o r - ~ - h o m o ~ d r o s t a d i e n e - 3 , 1 4 , 1 7 a - t r t o n e  

tVl) which was purified by rapid chromatography on plates 

using a non-fixed alumina layer. The same trlketone ~VI) is 

obtained on mlld acid hydrolysis of the earlier described 

/k2,5(10),gt11)_3_methoxy_8,14_seco_19_nor_u_homoamdrostatrie _ 

ne-14,17a-dione QVII) a product of the condensation of the vl- 
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nyl carbinol tVlll) with methyldihydroresorcinol I . whe first 

route to the triketone ~¥I) is the more feasible, since the 

yield of the diketone ~VII) even in the improved variant could 

be raised from Iu% to only 18-20% of the theoretical. It turned 

out that the triketone tVI) forms as an intermediate in the 

other above described methods of condensing the trienone (I) 

with methyldihydroresorcinol (Ill). 

Cyclization of the diketone ~VII) takes place under the 

action of p-toluenesulfonic acid in boiling benzene, the dike- 

tel (II) being obtained in 4u% yield, together with a small 

amount of the diketone ~IV). ~imilar cyclization of the trike- 

tone ~VI), while giving a commensurate yield of the diketol 

(If), proceeds at a much slower rate than cyclization of the 

diketone (VII). It was therefore concluded that the diketone 

(VII) cyclizes to (II) without intermediate hydrolysis to (VI), 

but by an entirely different mechanism. The rate-determining 

stage of the process in both cases is most probably that of 

3-enol formation. It is well known that ~,~ -unsaturated ke- 

tones enolize much slower than their ~ , ~ -isomers 4, and that 

enolization of conjugated dienones (with shift of double bonds) 

proceeds slower than similar enolization of enones 5. Hence the 

formation of the 3-enol from (VII) which does not require 

double bond shift should take place at a faster rate than its 

formation from the triketone (VI), thus explaining the sharp 

difference observed in cyclization rates. 

Cyclization of the triketone (VI) in the presence of die- 

thylamine [i.e. under conditions of direct formation of the di- 
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k e t o l  ( I I )  f rom t h e  t r i e n o n e  ( I )  and m e t h y l d i h y d r o r e s o r c i n o l )  

practically does not take place. 

we have also condensed the trienone (I) with 2-methylcyclo 

pentane-1,3-dione, as in the case of methyldihydroresorcinol, 

pyridine does not catalyze the reaction, but in the presence 

of piperidine ~4'9-8,14-seco-19-norandrostadiene-3,14,17- 

trione could be isolated, although in low yield. 

¢H 3 ~ 0  CH3 
CH3 ~ ~ O H  0 o PIPet. i + o ' ~  o ESr,,a.N H 

0 
ix 

In the presence of diethylamlne I a small amount of a sub- 

stance with melting point 237-24u ° could be isolated, which~ 

judging from the UV and IR data; should be the diketol (X). 

~ x p e r i m e n t a l  

The c o u r s e  o f  t h e  r e a c t i o n  was f o l l o w e d  by t h i n  l a y e r  c h r o -  

ma tog raphy  ~1 nnn l a y e r  o f  a l u m i n a ;  a c t i v i t y  I I I ,  a c c o r d i n g  t o  

~rookm~nn) .  The UV s p e c t r a  were t a k e n  i n  a l c o h o l  by means o f  

an SF-4 spectrometer and the IR spectra in vaseline oil by 

means of UR-IO or IKS-14 instruments. 

All reactions with the trienone (I) were carried out in the 

presence of pyrogallol in an atmosphere of nitrogen. All ext- 

racts were dried over magnesium sulfate and concentrated in 

vacuum. 

Recently 6 T.B.Windholz and others carried out a similar 

condensation, isolatin E dl-/~4'9(10),8(14)-19-norandrosta- 

triene-3,17-dione in 17% yield. 
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Condensation of the trienone (I~ with meth~idihyd- 

r oresorcinol (III~ 

a) In the presence of dieth~lamine. A mixture of 2.5 g of 

freshly distilled trienone (1), 1.8 g of methyldihydroresorci- 

nol (III), 1.8 g of diethylamine (residue after distillation 

of 90% commercial diethylaminej, 3 ml abs.benzene and 3 ml abs. 

tert.-butanol was heated at 50 ° for 15 hrs., the methyldihydro- 

resorcinol completely dissolving. To the reaction mixture was 

added 100 ml of methylene chloride and the brown solution was 

washed four times with saturated sodium bicarbonate, three times 

with 10% hydrochloric acid and once with water. 

After the usual treatment, crystallization and chromatogra- 

phy of the mother liquors on alumina telution with 1:1 benzene- 

-chloroform mixture and with chloroform) 1.2 g of the diketol 

(II) of m.p.202-205 ° identical with authentic sample I was ob- 

tained. 

b) In the presence of dieth~lamine meth~ldih~droresorcinate. 

To a vigorously stirred mixture of 2.8 g of methyldihydroresor- 

cinol and I g of trienone (I) in 25 ml of ~-xylene and 7 ml of 

tert.-butauol was added 2.5 g of freshly prepared diethylamine 

carbonate. A voluminous precipitate appeared after I-2 min., 

which was filtered after an hour's standing and dried in air. 

oiethylamine methyldihydroresorcinate was obtained as a pale 

yellow amorphous powder, readily soluble in water and alcohol 

and insoluble in ether; yield 5.15 g (97%). The salt has a 

double m.p. at 148-154 ° and 203-206 °. IR spectrum: 2691, 2510, 
-I 

2431, Ib43 and 1570 cm . 

_Anal. Calcd. for C. H2101N:C,66.41; H,10.b3; N,7.01. 

Found: C,66.45; H,IO.65; N,6.82. 

A mixture of 4.9 g of the salt, and 5 g of trienone (I) in 

7 ml tert.-butanol and b ml benzene was heated for 16 hrs. at 

50 °. From the cooled mixture 600 mg of methyldihydroresorcinol 

separated out (m.p. 201-204°). The mother liquor was dissolved 

in methylene chloride and the solution was carefully washed 

with saturated sodium bicarbonate, 10% hydrochloric acid and 
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water. After evaporation in vacuum there was obtained 5.05 g 

of a brown oil which was chromatographed on alumina (activity 

II). Elution with benzene yielded ~0 mg of trienone (I) rapid- 

ly polymerizing in air. On eluting with ether there were iso- 

lated 160 mg of trienedione (IV), m.p. 96-98 ° and 363 mg of di- 

ketol (II), m.p. 202T205.3°(identical with that obtained above). 

Subsequent elution with chloroform yielded 409 mg of a non- 

-crystallizing (and non-distillable) dark yellow oil. The iden- 

tity of the trienone (IV) with the authentic sample (kindly 

furnished by Dr, S.I.Zav'alov) was established by a mixed melt- 

ing point determination and by comparison of the infrared spect- 

ra. 

c) In the presence of piperidine. A mixture of 5 g of tri- 

enone (I), 3.52 g of methyldihydroresorcinol, 2.8 g of piperi- 

dine, 5 ml of abs. tert.-butanol and 8 ml of abs. benzene was 

heated at 90 ° for 20 hrs. After treatment as in the foregoing 

experiment the residual dark brown, thick oil (6.2 g) was dis- 

solved in 100 ml of a 1:1 benzene-methylene chloride mixture 

and chromatographed on alumina. Elution with benzene gave 

810 mg of crude trienedione (IV) as a slowly crystallizing oil. 

From the fraction eluted with the 1:1 benzene-methylene chlo- 

ride mixture and methylene chloride was obtained 826 mg (10% 

theoret.) of the diketol (II), m.p. 204-206 ° , identical with 

that obtained above. 

The bicarbonate solution (obtained after washing of reac- 

tion mixture by sodium bicarbonate) on acidification to pH 6 

with hydrochloric acid and extraction with chloroform yielded 

a light brown thick mass which crystallized on adding ether. 

After crystallization from methylethylketone, 1.6 g (20% theo- 

ret.) of the keto acid (V), m.p. 195-198 ° (with decomp.; was 

obtained. Amax326 m~(lg~ 3.98). 

Anal. Calcd. for C19H2403.H20:C,71.67; H,8.23; Found: 

C,71.50; H,8.84. 

d) In the presence of Triton B. A solution of 3.44 g of 

trienone in 10 ml of p_-xylene is added dropwise (in the course 
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of 20 min.) to a mixture, heated to 110 ° , of 2.52 g of methyl- 

dihydroresorcinol and 2.5 g of a 40% alcoholic solution of Tri- 

ton B in 20 ml of p-xylene. The heating is continued for 2 hrs. 

at 100-105 ° . After the usual treatment from the reaction pro- 

ducts (3.41 g) there was isolated (by preparative partition on 

alumina plates followed by elution with ether) 2.98 g (47% the- 

oret.) of the triketone (VI) as a colourless oil, slowly crys- 

tallizing in needle-like crystals melting at 25-28 °. 

~max~01 m~ ~ig£ 4.26); IR spectrum: 1721, 1698 (~-diketone), 
-I | 

1661 (3-C0), 1622-(0=0), 1585 cm . 

Anal. Calcd. for C19H2403:C,75.97; H,8.u5. Found: C,75.60; 

H,8.25. 

S~nthesis of the diket0ne (VII). A mixture of 3 g of me- 

thyldihydroresorcinol, 20 ml xylene and Triton H (from 2.8 g 

trimethylbenzylammonium chloride and 1.2 g potassium hydroxide) 

was heated at 170-175 O (bath temperature), the residual alco- 

hol was distilled off and to the boiling solution was added a 

solution of 4.8 g of 1-vinyl-6-methoxy-l,2,3,4,5,8-hexahydro- 

naphthalene-l-ol (VIII) in 10 ml of xylene and the mixture was 

refluxed (with a water separator) for 6 hrs. (until water 

ceased to be eliminated). The reaction mixture was diluted 

with 25 ml of ether, the excess methyldihydroresorcinol was 

filtered off and the filtrate was evaporated to give 1.21 g of 

the diketone (Vli) 1 with m.p. 127-129°(from alcohol). 

max243 m~ (ig£ 4.20). 

Anal. Calcd. for C20H2603:C,76.49; H,8.31. Pound: C,76.68; 

H,8.26. 

H~drol~eis of the diketone ~VII~ to the ~riketone (VI~. 

To a solution of 210 mg of the diketone (VII) in 20 ml of tet- 

rahydrofuran was added I ml of 12% hydrochloric acid and the 

mixture was allowed to stand for 20 hours at 20 °. Methylene 

chloride and a saturated solution of sodium bicarbonate were 

added to the reaction mixture and the organic layer was sepa- 

rated and evaporated. The triketone (VI), chromatographically 

identical with that obtained above, was isolated by prepara- 
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tire thin plate chromatography on alumina to the amount of 

146 mg (73% theoret.). 

C~clization of the diketone (VII). To a solution of 90 mg 

of the diketone (VII) in I~ ml abs.benzene was added 17 mg of 

p-toluenesulfonic acid hydrate. The solution immediately as- 

sumed a bluish hue, which turned dark blue, then, on heating 

for 5 min., violet, crimson and finally a greenish light brown. 

After boiling for 12 min., and the usual treatment 34 mg (40%) 

of the diketone (If) m.p.202-205 ° was isolated. The mother 

liquor was almost pure trienedione (IV), chromatographically 

identical with that obtained above, which slowly crystallized 

on standing. 

C2clization of ' the triketone (VI~. A mixture of 95 mg of 

the triketone (VI), 16 mg of p-toluenesulfonic acid and 8 ml 

abs. benzene was refluxed for I hr., another 16 mg of p-tolu- 

enesulfonic acid was added and the refluxing was carried out 

for another 2 hrs. After distilling off the benzene the resi- 

due was chromatographed (on plates) and (on elution with ether 

and ethyl acetate) 2 mg of chromatographically pure trienedio- 

ne (IV), 24 mg of the initial diketone (VI) and 24 mg of the 

diketol (II), m.p. 192-197 ° were obtained. 

Cgndensatiom of the trienone ~I~ with 2-methylcyclopen- 

tane-1,~-dione 

a) In the presence of piperidine.• A mixture of 800 mg of 

the trienone (I), 450 mg of methylcyclopentanedione, 0.5 g of 

piperidine, 2ml of abs. tert.-butanol and 3 ml of abs. benzene 

was heated with stirring for 21 hrs.~t 60 ° . After the usual 

treatment and chromatography 4Omg of a light yellow oil was 

isolated from the methylene chloride fraction, the oil crys- 

tallizing on addition of ether. Crystallization from alcohol 

gave 21 mg of the triketone (IX), m.p.135-136 °, ~max304 m 

(lg~ 4.20). IR spectrum 1768, 1726 (~-diketone), 1666 (3~0), 

1621, 1587 cm -I. 

Anal. Calcd. for C H O :C,75.49; H,7.74. Found: C,75.11; 
H,7.8. J8 ~ $ 
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b) In the presence of diethylamine. A mixture of 5.1 g of 

trienone (I), 3.6 g of methylcyclopentanedione, 6 ml of abs. 

tert.-butanol, 7.5 ml of abs.benzene and 2.6 g of diethylamine 

was heated at 48 ° for 40 hours, on cooling 50 ml of ether was 

added and the umreacted methylcyclopentanedione (1.62 g) was 

separated. After the usual treatment and chromatography on alu- 

mina there were isolated 184 mg of the initial trienone (I) 

from the benzene fraction, 167 mg of a dark yellow non-crys- 

tallizing oil (from the benzene-chloroform 1:1) and 6 mg of 

colorless crystals of m.p. 237-240 ° , ~m_a~306 m~(lg~ 4.31), IR 

spectrum 3481 (OH), 1719, 1619, 1579 cm- , from the chloroform 

fraction. (Analysis of the substance could not be carried out). 

Further elution with alcohol gave 1.84 g of a tarry mass. 
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