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Table I: Kal ia t ion  of Ketones  at 20" a 

Enolatc Enolate 

Compd 50%' %c substdjd 
,-Time (minj- yield, (1ess:more 

Acetone 
2-Heptanone 
3-Me-2-butanone 
3,3-DiMe-2-butanone 
2,4-DiMe-3 pentanone 
Isobutyrophenone 
Cyclohexanone 
2-Methylcyclohexanone 

0 . 5  1 . 5  90 
0 .5  1 . 5  100 46:54 
0 . 5  1 101 88:12 
2 . 0  5 97 
2 .5  10 100 
3 .5  12 93 
0 . 5  1 . 5  88 
2 . 0  6 95 33:67 

a 25.0 mmol of ketone, 28-32 mmol of K H  in -50 ml 
of THF. Glyme solvents are also satisfactory. No evidence 
of reduction was observed. Per cent reaction was deter- 
mined by gas evolution. Determined by quenching 
samples containing hydrocarbon standards in water fol- 
lowed by glpc analysis. Ketone was absent in enolate solu- 
tions by ir. By silylation a t  -78". Silyl ethers isolated 
had spectra consistent with structures. 

change in the composition is observed in 1 hr a t  -78". 
However, if the enolate solution (0.4 M )  is stirred a t  -78" 
for 0.75-1.0 hr with 0.08 equiv of free ketone, the enolates 
are reequilibrated to a mixture containing >98.5% less 
substituted isomer. 

Alkylation and silylation may be carried out without 
difficulties in situ in the presence of excess KH. 

The solutions of potassium enolates may be transformed 
into lithium enolates by metathesis with lithium bromide 
in THF;  KBr precipitates immediately upon mixing. In 
the case of pinacolone, the cation exchange was accompa- 
nied by a shift in the enolate ir absorption from 1568 to 
1604 cm-l,  consistent with tighter association of the lithi- 
um ion with the more electronegative end of the anion. 
The preparation of enolates of di- and trivalent cations is 
in progress. 

Current preparations of enolates are often based upon 
lithium amides.1° However, varying amounts of addi- 
tion to the carbonyl group appear to occur even with the 
highly hindered lithium diisopropylamide. Moreover, lith- 
ium enolates are far less reactive (10- 3-10- *) than potas- 
sium enolates,13a and lithium halides do not precipitate 
from ethereal solvents to assist metathesis reactions. 

The exceptionally high reactivity of K H  toward ketones 
provides a novel direct route to highly reactive potassium 
enolates. The facile formation of these intermediates pro- 
vides new possibirities for investigation of enolate chem- 
istry. 
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Photochemical Transformation of Truxones to 
C-Nor-D-homo Steroid Systems 

Summary:  Photodecarbonylation of truxones leads to ben- 
zobicyclohexene systems which undergo a rearrangement 
to products with a C-nor-D-homo steroid skeleton. 

Sir: In the synthesis of 6-methoxyindenones 2 through the 
AlCl3-catalyzed internal ketovinylation of the correspond- 
ing /3-chlorovinyl ketones we observed the formation of 
small to large amounts of truxones, which were identified 
as endo head-to-tail dimers 3.2 The ability of the 6-me- 
thoxy group to stabilize a positive charge on the C3 is 
probably responsible for this easy AlCl3-catalyzed dimeri- 
zation, which does not occur with 2-ethyl-5-methoxyinde- 
none, even a t  much higher  temperature^.^ In an attempt 
to obtain the indenone 2a through a photocycloreversion 
from the dimer 3a, a new product was obtained, which, 
according to the mass spectral analysis, should correspond 
to a decarbonylated dimer. A 16-hr irradiation of the endo 
dimer 3a with a high pressure mercury lamp afforded 54% 
of the decarbonylated product and 46% indenone 2a. This 
decarbonylated product was identified as sa, a product 
with a C-nor-D-homo steroid skeleton. An alternative 
structure 4a was rejected as the product showed no long- 
wavelength absorption (400 nm) as is observed in compa- 
rable o-quinodimethanes.4 The decarbonylated product 
did not show any Diels-Alder activity with tetracyanoeth- 
ylene, as was expected for 4a. 

The nmr spectrum of the decarbonylated product 
shows a coupling constant of 1.5 Hz between one of the 
methyl groups and the vinylic proton. This is in good 
agreement with structure 5a, but not with structure 4a, 
where a coupling across six bonds is required. In C ~ D G  1-H 
undergoes a large downfield shift (0.54 ppm) which is ex- 
pected for structure 5a  but not for the corresponding pro- 
ton in structure 4a. The dimer 3b gives analogous results. 
According to  the mass spectral data of the rearranged 
product 5b, the most important fragmentation is loss of 
CH3COOEt from the molecular ion (M - 88). This indi- 
cates that  the 8-H and the 9-CH2COOEt are located a t  
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the same side of the five-membered C ring. This is also 
proved by the following conversions. The styrene double 
bond of the product 5b has been hydrogenated and the re- 
sulting diester converted into the corresponding his acid 
chloride 6. Friedel-Crafts internal acylation afforded the 
product 7. The fact that  this internal acylation was possi- 

ble proves the cis junction between the B and C ring in 
the starting steroid. In the case of a trans junction such a 
cyclization would not be possible, according to molecular 
models. The orientation of the 7-casboethoxymethyl i s  not 
clear and more experiments are needed to clarify this 
point.5 The product 5 could be formed by a photochemi- 
cal disrotatory ring opening of the benzobicyclohexene 
system, followed by a thermal 1,5-sigmatropic shift of the 
remaining benzoyl group. Since no product resulting from 
migration of the benzylic hydrogen in 4 was observed and 
since the migratory aptitude of an hydrogen is greater 
than for an acyl group in similar rearrangements,6 this 
mechanism is less likely. An alternative mechanism? con- 
sists of a photochemical “type I” cleavage of the cyclo- 
butyl-carbonyl bond in the benzobicyclohexene intermedi- 
ate. This cleavage, followed by benzoyl migration and ring 
opening, could lead to compound 5.  Stereospecificity can 
be accounted for by the rigidity of the cyclobutyl ring. 

Studies about the mechanism are under investigation 
together with the synthesis of mixed dimers of different 
methoxyindenones, with respect to the synthesis of new 
C-nor-D-homo steroid systems, which are interesting in- 
termediates in the synthesis of C-nor-D-homo analogs of 
natural steroids8 and of some natural steroidal alkaloids.9 
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