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summary : A stereospecific total synthesis of the racemic C-nor D-homosteroid compound e, 

which has sixasymmetric carbons and which presents the natural trans-anti-trans configura- 

tion, was carried out in twelve steps starting from the Wieland-Miescher ketone 1. 

In 1978, we described a total synthesis of C-nor D-homosteroids following a novel 

pathway of the A + B + C + D type, as the result of a chemical work originated in the early 

seventies.1'2 Since that time, considerable progress has been reported in the literature 

concerning alkylation and annelation reactions, as well as protecting group methodology. We 

therefore decided to reinvestigate the total synthesis of C-nor D-homosteroids following a 

similar strategy, but using recent reaction methodology whenever possible. 

Thus, we describe here a stereospecific total synthesis of the C-nor D-homoste- 

roid compound 14 with six asymmetric carbons. Reaction of the Wieland-Miescher ketone 1 - - 

with 2,2-dimethylpropanediol in the presence of Et20-BF3 afforded the required ketal 2 as - 

the major product and in 60-80% yields, having m.p. 104-105"C, lit.3 m.p. 96°C. Indeed, 

2,2-dimethylpropanediol was found to be definitely superior to ethylene glycol for carbonyl 

protection in the present synthesis. Birch reduction of the ethylenic ketone 2, using twice 

distilled dry ammonia and 99,9% pure lithium, gave the trans decalone 2 in 85-100% yields 

after purification by chromatography. The yield of this reduction was markedly lower, when 

less pure ammonia and lithium were used. Compound 2 has m.p. 91,5-92,5"C but has been des- 

cribed as an oil. 
3 

Reduction of the carbonyl group of 3 using L-selectride in THF at -78'C selective- - 

ly gave the axial alcohol 4 (72% yield), m.p. 57-60°C. Hydrolysis of the 1,3-dioxane group 

of 4, using concentrated HCl in acetone at O"C, yielded the ketol z,4 m.p. 112-113°C (75- 

80%). Protection of the hydroxy group of 5 by means of methoxyethoxymethyl chloride (MEM- 

Cl), in the presence of diisopropylethylamine in CH2C12 at O"C, gave the compound 5 as a 

colourless oil in 90% yield after purification by chromatography. 

At this stage, various methods for a-acetonylation of ketones were systematically 

tried, using either the ketone 6 or similar decalones as substrates. For instance, the li- - 
thium enolate of 5 (generated with LDA), was treated with either 3-bromo-2-methoxypropene5 

2595 



2596 

or 3-chloro-2-trimethylsiloxypropene,6 under a variety of experimental conditions, but this 

failed to give the expected y-diketone 2 after hydrolysis of the corresponding reaction pro- 

ducts. Reaction of the lithium derivative of the hydrazone 1. (vide infra) with 3-chloro-2- __- 
trimethylsiloxypropene again met with no success. Alkylation of the lithium enolate of 5 

with methallyl chloride invariably gave a mixture of mono and dialkylated products, from 

which the desired monomethallyl compound was found very difficult to isolate in a pure 

enough state. 

Finally, in our hands, an acceptable a-acetonylation method of the ketone 6 was - 
carried out using Corey's hydrazone alkylation sequence.' Reaction of 5 with N,N-dimethyl- -- 

hydrazine at 110°C afforded the corresponding oily hydrazone 1. (85%). The latter was treated 

with n-butyllithium and the resulting carbanion was quenched with methallyl chloride, giving 

the a-alkylated intermediate S (oil, 70-8096). A selective transformation of the hydrazone 

group of S into the starting carbonyl could not be accomplished satisfactorily by the stan- 

dard procedures involving either copper acetate in THF, or the OsO4/K104 or KMnO4/K104 cou- 

ples. 

Therefore, compound 8 was ozonolyzed in CH2C12 at -78°C and after reduction of the 

intermediate ozonide with Zn/AcOH, the required y-diketone 9 was obtained in 40-5096 yields - 

after chromatography as a colourless oil which darkened rapidly. 

Intramolecular crotonisation of the y-diketone 9, using t-BuONa (5 eq.) in benzene 

at room temperature for 3 hours, 8 gave a mixture of benzindenones IO and 11 in the ratio ca. -- 

3:l and in 60-75% yields. The compound 11 clearly resulted from the migration of the double - 

bond of 10. The angular methyl group appeared at 6 1.14 ppm and 6 0.64 ppm in the 'H NMR - 

spectra of IO and 11, respectively. Since IO and 11 proved difficult to separate, other cy- - _ _ 

clization methods liable to lead to a single compound were next investigated. No reaction 

was observed when the y-diketone 2 was treated with LDA in THF, or with lithium hexamethyl- 

disilazide in benzene, under a variety of experimental conditions. 

On the other hand, and contrary to previous findings, 
9,lO 

intramolecular crotoni- 

sation of the y-diketone 2, using NaH in a refluxing benzene solution containing a trace of 

tertio-amyl alcohol,' did not afford the expected benzindenone IO. Instead, the isomeric - 

enone 11 was obtained as the sole product in 68% yields after chromatography. - 

Construction of the D-ring could now be carried out on the enone 11 in the desired - 

fashion, by using a reductive alkylation procedure. 
II,12 

Thus, the double bond of the enone 

11 was reduced with lithium in liquid ammonia under the same conditions as above, and the - 
resulting carbanion was trapped with ethyl trimethylsilylvinyl ketone, giving the interme- 

diate 11, which was identified by its IR spectrum and was not further purified and charac- 

terized. The crude d-diketone 12 was next desilylated and cyclized using KOH in methanol, - 

giving the tetracyclic compound 13. - 

We could not remove the hydroxyl protecting group of 13 by means of the standard - 

procedure using excess ZnBr2 in CH2C12 at room temperature. However, hydrolysis of compound 
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14 R=H - 
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2, with concentrated HCl in acetone at O"C, followed by chromatography and recrystalliza- 

tion from ether, gave pure C-nor D-homosteroid compound 14, m.p. 154-155°C in 35% overall 

yield from the enone 11. The structure of 14 was confirmed by high resolution 'H NMR,13 IR, - - 

MS and elemental analysis. 

Consistent MS, IR and 'H NMR data, as well as good microanalyses values, were also 

obtained for the new compounds 3, 4, 6-9 and 11. -- - 

Conclusion 

The present work describes one of the shortest and most efficient routes to C-nor 

0-homosteroids of the natural trans-anti-trans configuraiton. The yield of each step is --- 

good, except for the a-acetonylation sequence of the decalone 5. Indeed, our own results 

tend to show that, contrary to various recent literature claims, a truly general and effi- 

cient method for the a-acetonylation of ketones remains as yet undiscovered. 

References and notes 

1 - a) E. BROWN and M. RAGAULT, Tetrahedron Letters, 1927 (1973) ; b) Ibid., 393 (1978). 

2 - A total synthesis of C-nor D-homosteroids using the ABCD route, but following a diffe- 

rent strategy, was described by W.F. JOHNS and K.W. SALAMON, 3. Org. Chem., 44, 958 

(1979). 

3 - G. GOPALAKRISHNAN, S. JAYARAMAN, K. RAJAGOPALAN and S. SWAMINATHAN, Synthesis, 797 

(1983). 

4 - Ketol 5 was prepared according to a different method by R.E. IRELAND and J.A. MARSHALL, 

J. Org. Chem., 27, 1620 (1962). The synthesis of the 6-epimer (equatorial hydroxyl) of 

compound 2 is described in reference la). 

5- R.M. JACOBSON, R.A. RATHS and J.H. MC DONALD III, 3. Org. Chem., 42, 2545 (1977). 

6 - A. HOSOMI, A. SHIRAHATA, Y. ARAKI and H. SAKURAI, J. Org. Chem., 5, 4631 (1981). 

7- a) E.J. COREY and D. ENDERS, Tetrahedron Letters, 3 (1976) ; b) Ibid. 11 (1976) ; 

c) E.J. COREY and S. KNAPP, Tetrahedron Letters, 3667 (1976) ; d) Ibid., 4687 (1967). 

8- E. BROWN and M. RAGAULT, Tetrahedron, 2, Supp. No 1, 61 (1981). 

9- J.E. MC MURRY, A. ANDRUS, G.M. KSANDER, J.H. MUSSER and M.A. JOHNSON, Tetrahedron, 3_7, 

Supp. N" 1, 319 (1981). 

IO- E. PIERS, B. ABEYSEKERA and J.R. SCHEFFER, Tetrahedron Letters, 3279 (1979). 

II- R.K. BOECKMAN Jr, Tetrahedron, 2, 925 (1983). 

12- G. STORK and J. SINGH, J. Amer. Chem. Sot., 9&, 6181 (1974). 

13- N. PLATZER, personal communication. 

(Received in France 10 April 1986) 


