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Reductive Alkylation of Enediones. 1 

Sir: 
We report here on the successful application of the reductive 

alkylation method' to enedione systems, thus allowing the 
transformation A - B. This transformation could be very 

A B 

useful for the construction of polycyclic systems such as the 
corticosteroids and the fusidic acids which have a carbonyl 
function a t  CI I .  

The first possibility which we envisaged involved the gen- 
eration of a kinetic enolate by reduction of a y-hydroxyenone. 
The process which is well known to involve loss of oxygen via 
the path C - D,2 but it appeared to us likely that this loss of 

O H  
C D 

a hydroxyl group would be strongly conformation dependent, 
so that the reported results could be due to the axial nature of 
the hydroxyl group (better overlap for elimination). 

In keeping with this view, we have now found that, in con- 
trast to 8fi-hydro~y-lO-methyl-A'~~-2-0ctalone~ (la),  mp 
57-58.5 O C ,  which with lithium in ammonia-tetrahydrofuran 
afforded only the fi,-y enone 2 under a variety of experimental 
conditions, reduction of the equatorial isomer lb,3 mp 121 -1 22 
O C ,  furnished hydroxy ketone 3a. Quenching the reduction 
mixture from lb with methyl iodide resulted in formation of 
ketones 3b and 342, in 66 and 15% yields, re~pec t ive ly .~  

2 

4 5 
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Even more generally useful results were obtained from the 
reductive alkylation process applied to the enedione 4 (mp 
70-71.5 "C, after sublimation of 70-80 O C  a t  0.1 mm), ob- 
tained by Jones oxidation of la,b. Exposure of 4 to lithium (4 
equiv) in refluxing ammonia-tetrahydrofuran (2:1), followed 
by quenching with methyl iodide, evaporation of ammonia, and 
aqueous workup, furnished three monomethylated isomers of 
5, in yields of 19,25, and 19% after chromatographic separa- 
tion on silica gel. No material derived from alkylation a t  the 
ring junction could be detected. 

Extension of this sequence to bicyclic enediones unsubsti- 
tuted a t  the ring junction could be performed in the following 
manner. Aprotic conjugate addition of enol ether 6 (LDA in 
tetrahydrofuran -78 "C) with 2-trimethylsilyl-1 -penten-3- 
one, followed by cyclization with sodium methoxide in re- 
fluxing methanol and acid hydrolysis, furnished 1 -methyl- 
Al.9-octalin-2,8-dione (8) in -50% yield. 

6 8 

l o a  R =  cn 9 a  R= CD 3c R= C t 1 2 P h  

9b R= C f I , C i l = C i i 2  9d I?= 3 ,  : - d i r , c t h y l -  ].Oh R: C1l C F X C I ! ~  I-rsox.~zolylncthyl 2 '  

Treatment of 8 with lithium in refluxing ammonia-tetra- 
hydrofuran, followed by quenching with trideuteriomethyl 
iodide, gave, after chromatography on silica gel, a 66% yield 
of a mixture of the equatorially alkylated isomer 9a and the 
axially alkylated isomer loa, in a ratio of 85:1 5.5 The use of 
allyl bromide as alkylating agent permitted isolation of dione 
9b and dione lob, mp 76-77 O C ,  in yields of 48 and 15%, re- 
spectively, after chromatography on silica gel. The pronounced 
stereoselectivity of alkylation in this system, which results in  
the introduction of an equatorial substituent, was increased 
by the use of sterically more hindered alkylating agents: al- 
kylation of 8 using benzyl bromide furnished a single dione 9c 
(mp 106-107 "C after chromatography on silica gel; methyl 
a t  6 1.40 in NMR).  None of the axially alkylated dione could 
be detected. The use of 4-bromomethyl-3,5-dimethylisoxazole 
resulted in the formation of dione 9d (mp 137 O C ;  methyl a t  
6 1.34) in 67% yield, after chromatography on silica 

The remarkable preference of dienediolates for undergoing 
alkylations leading to equatorial products (11 -, 12) is in 
contrast to the well-established' axial mode of alkylation of 
enolates such as 13 obtained via the reduction of the usual 
octalone system. 

W e  suggest that this stereochemical result derives from the 
distortion of ring labeled B in 11 toward a half-boat to avoid 
the eclipsing interaction of the 0- and R substituents. The 
resulting rotation, shown by the arrows, results in moving R 
toward the center of the ring, thus exposing the CY face. 
Whatever its exact origin, the stereoselectivity and regiose- 
lectivity of the reductive alkylation of enediones of type 8, can 
be used to special advantage in the synthesis of corticosteroids, 
as  we illustrate in the following paper. 
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Reductive Alkylation of Enediones. 2. 
Synthesis of Corticosteroids 

Sir: 
With the spectacular exception of Johnson's polyene cycli- 

zation route to cortisone,' the construction of corticosteroids 
usually involves the introduction of the 1 1-oxygen function at  
a very late stage of their synthesis2 A particularly expeditious 
route within the classical DC - B - A approach would result, 
however, if it were possible to achieve the transformation A - B in two or three steps. The work on the reductive alkylation 

of enediones described in the accompanying communication' 
suggested that this might be possible. W e  now describe ex- 
periments which eventually led to a very simple construction 
of adrenosterone (B, R = carbonyl oxygen). 

The previously reported tricyclic enone 1, which is conve- 
niently prepared by annulation using the silylated enone 
m e t h ~ d o l o g y , ~  was converted into the homoallylic alcohol 2 
by sodium borohydride reduction in refluxing methanol of the 
corresponding dienol acetate (prepared by refluxing 1 with 
potassium tert-butoxide in benzene, followed by quenching 
with acetic anhydride). Epoxidation of 2 with m-chloroper- 
benzoic acid, followed by Collins oxidation and exposure to 
methanolic sodium hydroxide, furnished the hydroxyenone 3a 
(mp 88-91 "C) in 78% yield from 1. Oxidation of 3a with 
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pyridinium chlorochromate furnished enedione 3b (mp 
109- 1 1 1 "C) in 89% yield. 
@ o y u  & u G u  

1 2 3a R= H, R ' =  0:l 
L o " ,  t o  

3b R . R ' =  0; 

Treatment of 3b with lithium in ammonia-tetrahydrofuran 
( 2 :  1 ), followed by quenching with methyl iodide and hydrolysis 
with aqueous acetic acid, provided triketone 4 in -70% yield. 
The equatorial configuration of the newly introduced methyl 
group at  C-10 was strongly suggested by its chemical shift of 
1.20 ppm. This inference was confirmed when cyclization of 
4 in refluxing methanolic sodium hydroxide afforded enone 
5 (mp 101-102 "C) and enone6  (mp 119-121 "C) in a ratio 
of 3: 1 .  The latter result is understandable, since cyclization to 
the 90, l  Oa-D-homoandrostane skeleton of 6 requires ring B 
to assume a twist-boat conformation. 

4 6 

The stereochemical outcome of the reductive alkylation of 
the enedione 1, which essentially parallels results in the simple 
bicyclic model series, thus required that the carbon atoms 
needed for ring A, rather than the methyl group, be introduced 
last. This was accomplished in the following manner. The tri- 
cyclic enone 7 (mp 91-91.5 "C) was prepared in 78% yield 
from 5-tert-butoxy- 1 O-methyl-A'.9-2-octalone, in a manner 
similar to that described for enone 1. Enone 7 was converted 
into dione 8, mp 148.5-150.5 "C, in 74% yield, using the 
method described for 3. 

CI rfpu 
9 

otpu P 
10 

Reductive alkylation of 8 by aprotic Michael addition using 
silyl enones was unfortunately unsuccessful, possibly because 
of facile electron transfer from the intermediate dienediolate. 
Other annulating agents could, however, be used successfully: 
the modified Wichterle reagent,5 4-bromo-2-chloro-2-butene, 
thus afforded dione 9. The latter was converted in 37% yield 
from 3 into (f)-D-homoadrenosterone (lo), mp 199-201 oC,6 
via a sequence which involved refluxing formic-perchloric 
acid,' hydrolysis of the intermediate C-17a formate, and Jones 
oxidation. 

The above sequence was applied with equal success to the 
series of compounds possessing a five-membered D ring, 
starting with the optically active enone l la.* The corre- 
sponding tert-butyl ether llb, mp 77.5-78.5 O C  was converted 
in the usual manner in 7 1% overall yield into the enedione 12 

[mp 131-132.5 "C, [ ( u ] * ~ D  29" (c 1.0, methanol)]. The latter 
on reductive alkylation with the Wichterle reagent and cycli- 
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