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We have reported in a previous paper (1) the transformations 

performed by the Vilsmeier-Haack-type reagent on steroidal 

ketones and derivatives belonging to the 19-CH3 series; inter 

alia we have shnwn thatA4-3-ketones give the corresponding 3- 

chloro-*3'5-dienes . We have now extended our examination to a A4- 

j-ketone of the 19-nor series. 

19-Nor-testosterone acetate (I) dissolved in trichloro- 

ethylene was allowed to reset at 60 o fcr three hours with the 

reagent prepared from dimethylformamide and phosphorus 

oxychloride (DKF-POClj); after decomposition of the resulting 

complex with aqueous CH3COONa and usual work-up, the crude 

mixture was subjected to chromato6raphic fractionation from 

which three proaucts were obtained. The first compound eluted 

395 with benzene-hexane 8~2 was 19-nor-3-chloro- A -androstadien- 

178-ol-acetate (+) (II; m.p. 116-80; xmx 237 ah, 243, 249 ah 

mr; E 21,000, 21,300, 16,0011; [a] -196O); its structure follows 

from ciementai analysis, U.V. spectrum which is typical (2) of 

a A3'5 -diene and from comparison with an authentic sample 

prepared according to Y>ersch and Neuklis (3). 

(+I Correct analytical values have been obtained for all the 
compounds described; rotations have been determined in CHCl 
at 20-22O at the sodium D line; U.V. spectra have been reco 3 ded 
in 95% ethanol. Melting points are taken on a Fisher-Johns block 
and are uncorrected. 
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Irae secoti oolapotma was elutea w%th benzene-hexane 9:l; to this 

oompound the structure of 19-nor-3-ahloro-4-formyl-A 3,5_ 

anarostadlen-178-ol-acetate (III; m.p. 232-3O; );oax 228, 302 mr; 

e 13,000, 4270; [a] -1950) was assigned on the Sollowing grounds. 

!l!he analytical values are in accord with an empirical formula 

C2,HnC1 03, 
-1 the I.E. spectrum shows bands at 1730 and 1250 cm 

(17-acetate); 1690 am” (conjugstea C=O), 1635 and 1575 cm-’ 

(C=C). !l&e carbonyl group should be aldehydic as expected from 

the nature of the Vilsmeier-Haack reaction. 

III; R= CHO V 

IV; Ee CH20H 

!The reduction of III with NaBH4 in CH3OH for a few minutes gave 
3,5 19-nor-3-chloro-ehydroxymethyl- A -androstadien-178 -ol-aoetate 

(IV; m.p.210-20; I_ 245 mr ; E 16,800; k] -203O); the U.V. 

maximum and the E value demonstrate the heteroannular nature of 

the diene group (2) In IV and t@ence in Its precursor III. 

Furthermore by warming III in CH3COOH at llO" for one hour with 

excess of BH2-lVE2 . B 0 
m3S 

(4), the pyrazole V (m.p.,300°; A_ 

242 rY; E 10,000; I_ 6.00, 6.35, 6.60, 6.94 c (5))wae obtained 

thus aemonstrating the adnal position of the chloro and of the 

formyl groups; the arrangement of the double bonds in the 

nucleull was not ascertained. 
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Further elntlon with benzene-ethyl ether 9rl gre a third 

compound isomeric with III which was shown to be 19-nor-3-chloro - 

-6-fonngl-h3 * * -an&oatadiem-17p -oI-acetate (VI; &p. 188-900; 

L%X 292 mp ; E 16,300; [a] -267”). 

COO-H3 

H & cl” 
B 

vI;B=cH0 

VII; B = CH=rMH-C~3-( 2*4-N02) 

VIII; B = CH,OB 

The I.E. spectrum ahowe bands at 1730 and 1240 cm” (17-acetate), 
-1 1660 am (oonjugatea C =O), 1615 and 1593 ma-’ (Cpc). With 2,4- 

dinitrophenylhydrazine VI gave the 2,Cdinitrophenylhydsaz~~.VII 

(m.p. 268-71°; k.x 270, 313, 398 ny; L 13,300, lO,@JO, 32,4OO;[al 

-312O). The position of the U.V. PLEEdza of VI and VII Is typical 

(2) of a ,$-Y,$ unsaturated carbonyl groups. Whhe treetment of 

VI with WaBL14 in CIi30H for a few minutes shifted the U.V. mxlmam 

to 250 mlr oting to the reduction of the formyl group; the 19-no- 

3-chloro-6-hydroxymethyl-A3'* -.audrostadleu-17@-c&acetate (VIII) 

a0 prepared ( A_ 250 lap; z 22,100; AZ 3480-3260 m, 1730 II, 

1655 w, 1620 w, 1250 s con-' ) could not be obtained In orystaIline 

form but was homogeneous on thin layer chromatography and more 

poIar than VI. The position of the U.V. naxlmum conilnae the 

heteroauuular nature of the dime (2) in VIII and theme in its 

precursors VI. AU these facts conflrm the structure asdgned to 

VI. The compounds III and VI were obtained in approtiwatimIV 

equal amounts. 

We bars next examined the action of tie W-POC13-reagent 

on 19-nor-A3 * * -andro~rtadien-3,l7B-biol-dlaoetate (6) (IX),. IX 

use diseolved in trichloroethylene and treated for elx hour* ‘at 

45O with the I’M&POC13-reagent. After deCOmpOdtiOn of the 
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resulting complex with aqueous CR COONa and usual work-up, the 
3 

crude mixture was resolved by chromato;;raphy on Florisil from 

which four compounds were obtained. Besides the three products 

11,111 and VI described above whose formation may be due to the 

hydrolysis of the enol-acetate group of IX, another more polar, 

non chlorinated compound X (m.p. 176-90; hmax 296 mp; t 19,700; 

-2200) was obtained althou& in a smll yiel.d. 

COCH3 

& I5 

cH3coo ’ 

IX 

II+III+VI+ 

CH3co 

X 

!Phe analytical values agree with an empirical formula C23Hjo05; 

the I.R. spectrum shows bands at 1765 and 1215 -' (enol-acetate), cm 

1730 ana 1250 cm-' (17-acetate), 1640 cm' (conjugated O-O), 1665 

ana 1595 cm-' (C-C). These spectral properties in addition to 

its U.V. maximum allow the assignment to X of the structure 

of 19-nor-6-fornyl-A33'5 -androstadien-3,17$-dial-diaoetate. 

We have thus demonstrated that 19-nor-A4-3;ketosteroids 

are attacked by the electrophilic Vilsmeier-Haack reagent both 

at the carbon atoms 4 and 6 with subsequent chlorination of 

the )-OH group formed by enolisation whereas the 19-CH3 -A4- 

3-ketones give only 3-chloro- &5 -dienes. We think that the 

different behaviour of the two series may be rationalized as 

follows. The first step of the reaction is the enolisation of 

the carbonyl group both in the 19-CH3 and 19-nor series. The 

Vllsmeler-Haack reagent can either chlorinate the enolic hyaroxy 

group or attack the steroid nucleus at positions 4 and 6. In 

the 19-CH3 series the chlorination is the predominant reaction, 

only 3-chlorod 395 -dienes being isolated; this in our opinion 
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is due to the great steric hindrance exerted by the lY-CH3 to 

the approach of the bulky reagent. The 3-chloro-A 395 -dienee 

thus formed cannot further react at C-4 and at C-6 because of 

the low electronic density at these positions due to the 

electron-attracting power of the cnlorine atom. In fact 3-cbloro- 
,395 -dienea are recovered inaltered when subjected to the IMP- 

PCC13-reagent. In the 19-nor series the lack of the 19 methyl 

group makes possible the approach OI the reagent, the formylation 

at the position 4 and 6 thus becbting the predominant but not 

exclusive reaction, a small quantity of 3-cbloro-0 395 -diene 

formea by the conpetitive chlorination reaction being isolated. 

Subsequently to the formylation r-action the 3-OH group is 

chlorinated with the formation of the final products III and VI. 

The fact that both 4 and 6 fornyl compounds are obtained 

shows that the negative charge is distributed between these 

carbon atoma; this behaviour is different from that of 3- 

alkoxy-A3'5-dienea both in the 19-CR3 and 19-nor series (7) 

which are attacked only at position 6 therefore demonstrating 

that in these compounds the resonance form with a negative 

charge at C-6 predominates. 

Acknowledgement.We thank dr. B. Camerino for his intereat 

and dr. Wanda Barbieri for the I.R. and U.V. spectra. 

1) 

2) 

3) 

4) 

5) 

B. SciaQ and U. Pallini, Tetrahedron Lettera, 1964, 1839 

L. Dorfman, Chem. Rev., 3, 47 (1953) 

G.W. Eoerach and W.A. NeCUklia, Can.J.Chem., 4l, 1627 (1963) 

L.H.Schlager, Arch.Pharm., a, 758 (1563) - 

R.O. Clinton, A.J. Manson, ?%. Stonner, H.C. Neumann, B.G. 

Christiensen, R.L. Clarke, J.n. Ackarnan, D.2. Page, 3.W. Dean, 

W.ti. Dickinson and C. Carabateaa, J.Amer.Chem.Soc., 8& 1478 

(1961) 



142 No.2 

6) B. Villotti, C. Djerasei and H.J. Ringold. , J.Amer.Chem.Soc., 

Q, 4566 (1959) 

7) x Burn, G. CooEor, M.!C. Daviee, J.I. lXlcker, B. Ellis, 

P‘. Feather, A.K. Hiecock, D.N. Kirk, A-P. LeftwIck, V. Petrow 

and D.Y. Williameon, fetrahedron, g, 597 (1964) 


