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diol (Ib) in moderate yield.'* The sequence of re- 
actions leading from l a  to  the dieiiol Ib,  which was 
initiated by attack of hydride on the 2-aminoiiiethylene 
group, is outlined below. The bisallylic alcohol I b  

Q Q 
was oxidized smoothly by 2,3-dichloro-5,6-dicyano- 
1,4 - benzoquinone (DDQ)lz to 17P-hydroxy-17a- 
methyl-2-methyleneandrost-4-en-3-one (IC). On the 
basis of these experiments it mas anticipated that the 
analogous reduction of 17a,20;20,21-bismethylenedi- 
oxy-1 1p - hydroxy-2-N -piperidinomethylenepregn-4-en- 
%one (IIf) would proceed hy t'he same pathway to yield 
17a,20 ;20,21-bismethylenedioxy-2-met~hyl en e p regn-4- 
ene-3(,llfi-diol (IIIa).  Conversion of the latter com- 
pound to 2-met hylene- 1 1 p,  17 a ,  2 1 -t rihydroxypregn-4- 
ene-3,20-dione (2-methylenehydrocortisone, 111) should 
then be possible. 

The required 2-S-piperidinoinethylene analog (IIf) 
of 17a,20;20,21-bisniethylenedioxy-l1~~ hydroxypregn- 
4-en-3-one (hydrocortisone-BAID, IIb) was obtained 
from I Ib  in good yield via its corresponding 2-hydroxy- 
methylene derivative IIe. 

When the preparation of hydrocortisone-BMD 
(IIb) was attempted using the reported procedureI3 
the desired product was isolated with difficulty and in 
poor yield. Beyler and co-workers had observed that 
during the same reaction the initially formed bismethyl- 
enedioxy coiiipouiid was converted in part to a less 
polar product identified as the 11-methoxymethylene 
ether derivative IIc.I3b The formation of this com- 
pound was shown to be dependent upon the presence 
of methanol in the formaldehyde. 

It was found that the methyl ether IIc constituted 
over 30yo of the crude react)ion mixture and conse- 
quently a more reliable procedure was sought for the 
preparation of hydrocortisone-BAID (IIb).14 This 
difficulty was conveniently circumvented by the use 
of paraforinaldehyde as a source of alcohol-free forinal- 
dehyde. Thus treatment of a suspension of I Ia  in 
pure chloroforni with a solution of formalin obtained 
from paraformaldehyde and hydrochloric acid pro- 
duced hydrocortisone-BMD (IIh) in 80% yield.I5 

Condensation of the bismethylenedioxy compound 
IIb with ethyl formate in benzene solution in the pres- 

(12) The selective oxidation of allylic alcohols with DDQ was first demon- 
strated by D. Burn, V. Petrow, and G .  0. Weston. Tetrahedron Letters, 9, 14 
i 1900). 

(13) (a) R. E. Reyler, R. 11. AIoriarty, F. Hoffman. and L. H. Sarett, 
J. A m .  Chem. Soc.. 80,  1617 (1958): (b) R. E. Reyler. F. Hoffman, R. 11. 
hloriarty. and L. H. Garett. J .  O r g .  Chem., 2 6 ,  2421 (1901); (e) U. S. Patents 
2.888,4.56 and 2,888,457 (19.59). 

(14) The conversion of t he  more accesible cortisone-DXID to  t h e  110- 
liydroxy analog by lithium aluminum hydride reduction and oxidation of the 
intermediate Ar-R.11-diol was reported to  be the most efficient route  to 
ligdrocortisone-B,\II); see ref. 13b. 

(1.5) The crude product obtained after the  formaldehyde treatment was 
a 1:l  mixture of hydrocortisone-RhlD (IIbJ and a more polar compound 
n h i c h  u.as probably 11:17a,20:20,21-trismethylenediox~hydrocortisone 
(IId).'e The latter substance was converted to IIb in quantitative yield 
n h e n  the  mixture was purified by crystallization. 

(16) After the completion of the present investigation If. Akhta r ,  D. 13. 
R. Barton. J. M. I k a t o n ,  and A. G. Hortman [ J .  A m .  Ciiem. Soc. ,  8 5 ,  1512 
(1903) 1 described the preparation of hydrorortisone-BMD (IIb) by the  para- 
formaldehyde technique. These workers isolated both I Ib  (in ca. 45% 
yield) and 11 :17a.20;20,21-trismethylenedioxyhydrocortisone (IId) (in ca. 
1.5% yield) from t h i s  reaction. 

ence of sodiuni methoxide17 afforded lTa,20;20,21- 
bisnie thylenedioxy - 1 1 p - hydroxy-2-hydroxy niethylene- 
pregn-4-en-3-one (IIe) .s Brief treatment of IIe with 
piperidine in benzene solution under reflux1* furnished 
17,20 ;20,2 1-bismethylenedioxy-1 lp-hydroxy-2-S-piperi- 
dinoiiiethyleiiepregn-4-en-3-one (IIf) in nearly quanti- 
tative yield. The structures for compounds IIe and 
IIf followed from their niethod of preparation and 
analytical and spectral data. 

When aiiiinoinethylene steroid IIf was reduced with 
sodiuni borohydride in boiling aqueous tetrahydrofuran 
solution, an amorphous product was obtained which 
exhibited only low-intensity absorption in the ultra- 
violet. Oxidation of the crude reduction product with 
DDQ12 and purification by chromatography over alu- 
mina produced 17a,20;20,21-bisinethylenedioxy-l lp-hy- 
droxy-2-inethyleiiepregn-.1-en-3-one (2-methylenehy- 
drocortisone-BAII), IIg) in low yield. This dienoiie 
exhibited a niaxiniuin of 261 i i i ~  in the ultraviolet and 
displayed bands a t  1670 and 1620 cm.-l in the infrared 
in good agreement with spectra reported previously 
for steroids containing the 2-methylene-A4-3-keto 
chromophore.'* S o  attempt was made to isolate 
the precursor (IIIa) of 2-niethylenehydrocortisone- 
BND (IIg). 

The principal part of the DDQ oxidation product 
was an amorphous fraction more polar than the dienone 
IIg. Further purification led to a second crystalline 
product, 1ii.p. 233-238', which afforded analytical 
data in accord with the formula C2,H,,O6. This sub- 
stance showed no selective absorption in the ultraviolet 
and its infrared spectrum was devoid of absorption due 
to carbonyl and exo-cyclic methylene functions. 1 hese 
data are consistent with the structure 17m,20;20,21- 
bisiiiethylenedioxy -2m-methyl- &pregnane- 3 f ,  1 lp-diol 
(IIIb).  The forniation of this diol requires the reduc- 
tion of the 2-eao-methylene and A4-double bonds of 
the intermediate 2-inethylene-A4-3-ketone IIg by the 
borohydride reagent. However, analogous 1,.1-reduc- 
tions have been observed previously with a,,B-un- 
saturated keto steroids. la 

Brief exposure (1 min.) l9 of the 2-methylene-A4-3- 
ketone (IIg) to boiling 60% foriiiic acidI3 readily re- 
i iioved t he bisinet hylenedioxy protecting groups and 
afforded a mixture of two substances separable by 
silica gel chromatography. Ultraviolet and infrared 
spectroscopy confirmed the presence of the 2-methyl- 
ene-A4-3-keto groups in both coiiipounds. In  addition, 
the infrared spectrum of the less polar compound ex- 
hibited ester absorption bands a t  1730 and 1150 c1n-l 
in accord with its formulation as 2-niet2iylenehydro- 
cortisone 21-formate (IIh). The identification of the 
second product as 2-methylenehydrocortisone (111) 
follows from its method of preparation, eleiiiental 

(17) F. L. \Yeisenborn, D. C. R,emy. and T. L. Jacobs, zitid.. 76, 332 
H. J. Ringold. E. Uatres. 0. Halpprn, and  E. Necoecliea, ibid. .  81, (1934); 

427 ( lY5H) .  
(18) For leading references see footnote 10. 
(19) The expected miwation of the p.io-mpthylene donblr bond in I IR  t o  

the isomeric Z-methyl-~l,l-dien-3-one could be detected by prolonging the  
formic acid hydrolysis. Thus  af ter  heating I I g  for 12 min.. the crude prod- 
uc t  exhibited maximal absorption a t  2.58 mp, t h e  hypsochromic shift of 3 mp 
being due to  the presence of 17a,20;20.21-hismethylenedio~y-l Ip-hydrosy-2- 
methylpregna-1.4-dien-3-one, see ref. 20. 

(20) The P-methyl-Al-4-3-keto chromophore is characterized by an ab- 
sorption maximum a t  247 mp. See 9. Bernstein, 11. Heller, R. Littell,  S. 
XI. Stolar, R. H. Lenliard. I T - .  S. .illen, and  I. Ringler, J .  Am.  Chem. Sac.. 81, 
1090 (1959). 




