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net absorption from the solvent in the mixed solution but 
leaving unchanged other absorptions which might have been 
obscured by the solvent peak. 

It would be advantageous to be able to distinguish single 
nuclei by this method as this would in principle allow the fate 
of every single nucleus in the reactant to be traced to the 
product. This may be achieved by saturation of a single peak 
in the homogeneous part of the dc field at the receiver coil, 
followed by immediate mixing and return through this region 
for observation. This and other extensions and optimizations 
of these techniques and their application to the investigation 
of reaction mechanisms are currently under study in our lab
oratory. 
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Remote Double Bond Migration via Rhodium Catalysis: 
A Novel Enone Transposition 

Sir: 
A2-Cyclopentenones of type I are versatile intermediates 

in organic synthesis because of their ready ability to equilibrate 
to cyclopentenones of type II (eq 1). Isomerization of I to the 
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"All reactions were carried out in a sealed tube at 100 °C con
taining 0.02-0.03 equiv of RhCl3-3H2O in absolute ethanol. 6All 
yields are for isolated chromatographically pure substances. cYield 
determined by GLC analysis. dCa. 4% of the saturated ketone was 
isolated. 6Ca. 6% of the saturated ketone was isolated. /Ca. 31% of 
the saturated ketone was isolated. 

more stable cyclopentenone II can be effected by heating in 
the presence of acid1 or base.2 Unlike the cyclopentenone re
arrangement (eq 1) there is no analogy in cyclohexenone 
chemistry (e.g., Ill -*• IV (n = I)). In fact, there is no recorded 

O Yf Tt. O 

"(CH2)„
n "(CH2), 

HKn = 1,2,3) IV (n = 1,2,3) 
equilibrium of cycloalkenones of type III with their corre
sponding {more stable) a,/3-unsaturated cycloalkenones (e.g., 
IV) via migration of the double bond about the ring.3 We now 
report the smooth conversion of cycloalkenone IH to its more 
stable isomer IV via rhodium catalysis which constitutes a 
synthetically useful new enone transposition and complements 
existing methods.5 

In the case of 2-methyl-3-butyl-A5-cyclohexenone (1), 
isomerization to the thermodynamically more stable 2-
methyl-3-butyl-A2-cyclohexenone (2) can be carried out over 

O O 
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a 3-h period in absolute ethanol containing a catalytic amount 
(0.02 equiv) of RhCl3OH2O at 100 0C in a sealed tube. 
Analysis (NMR)6 of the reaction product (95%) indicates the 
complete absence of olefinic protons attributable to the starting 
enone and the presence of a singlet at 1.70 (olefinic methyl). 
In the case of enone 1 there is not appreciable isomerization 
in the presence of catalyst after 24 h at room temperature or 
after 4 h at 55 0C. After 24 h at 100 0C, enone 1 gives in ad
dition to a 91% yield of 2, 6% of the corresponding saturated 
ketone, 2-methyl-3-butylcyclohexanone. In some cases where 
the temperature was maintained at 100 0C for >24 h, we have 
isolated (Table I) the corresponding saturated ketones as minor 
products. In general, however, the isomerization of the less 
stable cyclohexenone to the more stable system can be per
formed in high yield (Table I). 

We have also observed in larger ring systems (e.g., Ill, n = 
2, 3) a similar isomerization to the more stable a,/3-unsaturated 
enone. For example, similar treatment of 2-butyl-A7-cy-
clooctenone (3) resulted in an 80% isolated yield of 2-butyl-
A2-cyclooctenone (4). Likewise, 2-butyl-A6-cycloheptenone 
was smoothly converted to its more stable isomer. 

O C4H9 

EtOH 

O 

The following procedure illustrates the simplicity of the 
method. A solution of pure 2-heptyl-A5-cyclohexenone (178 
mg, 0.92 mmol) dissolved in absolute ethanol (180 u\) was 
treated with RhCl3-3H20 (4.6 mg, 0.017 mmol) at 100 0C in 
a sealed tube for 3 h under an atmosphere of nitrogen. Chro
matography of the reaction mixture on silica gel (elution with 
pentane-ether (8:1)) gave the rearranged enone, 2-heptyl-
A2-cyclohexenone in 94% yield. 

That the double bond migrates about the ring was strongly 
suggested by our initial observation that the A''2-octalone 5 
did not undergo isomerization to the A4,5-octalone 6. Further 
support that the double bond migrates about the ring was ob
tained by treatment of cyclohexenone 1 with RhCl3-SH2O in 
CH3OD at 100 0C. The product as indicated by 1H NMR and 
mass spectral analysis (0% <ii 5,14% J6, 55% ̂ 7, 31% Jg) re
vealed at least 31% of all ring protons had undergone complete 
exchange.7 

Me 

"Xr 

We have also found that the double bond need not be part 
of a cyclic framework. In a preliminary experiment, dihydro
carvone (eq 2) smoothly isomerized to a 7:1 mixture of 8 and 
9, respectively, in 90% yield. The remote double bond of 3-
isopropenyl cyclohexanone (10) likewise isomerized to 3-iso-
propyl-A2-cyclohexenone (eq 3) in 95% yield. Utilization of 
anhydrous RhCl3 for the transformation 10 -* 11 (eq 3) re
sulted in recovery of starting olefin 10 with no indication of any 
formation of enone 11. The amount of RhCl3-3H20 required 
for the conversion of 7 and 10 into their respective enones was 
on the order of 0.08 equiv. Less than this amount results in 
incomplete isomerization and recovery of substantial amounts 
of starting material. For example, treatment of dihydrocarvone 
with only 0.03 equiv of catalyst under the above conditions 
resulted in recovery of 38% starting material even after pro
longed heating. 

Transition metal reagents have been employed as catalysts 
for olefin isomerization previously,8 More recently tristri-

(2) 

(3) 

phenylphosphinerhodium chloride has been used by Birch for 
the conjugation of 1,4-dienes to 1,3-dienes9 and by Corey for 
the isomerization of allyl ethers to 1-propenyl ethers.10 Under 
the conditions reported by Birch (refluxing CHCl3) and Corey 
(refluxing 10% aqueous ethanol) employing (Ph3P)3RhCl, 
3-isopropenylcyclohexanone did not undergo to any appre
ciable extent (<5%) isomerization to enone 11. 

In an extension of the above work, we attempted the isom
erization of the 7,5-unsaturated enone 12 to the more stable 
a,/3-unsaturated octalone 13. Treatment of 12 with 0.08 equiv 
of RhCl3-3H20 in absolute ethanol at 100 0C for 5 h gave none 
of the anticipated octalone 13. We isolated the 5,e-unsaturated 
enone 14 in 90% yield.1' 

,OMe 

OMe 

Further studies are in progress to examine the potential of 
this new enone transposition and the ability to migrate remote 
double bonds to their "more stable position" with the possibility 
of bringing about "remote epimerizations". 
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The Reaction of Tertiary Ethynyl Alcohols with 
Formamide Acetals: Formation of Dienamines and 
Enamine Orthoformates 

Sir: 

The addition of nucleophiles to unactivated acetylenic bonds 
has been effected in the presence of strong base and by tran
sition metal/Lewis acid catalysis. Neither of these methods, 

Table I 

however, provides an efficient synthesis of enamines.' We have 
previously observed that tertiary ethynyl carbinols may be 
converted by N.iV-dimethylacetamide diethyl acetal to ena
mines with rearranged skeletons.2'3 We now report that with 
TV.TV-dimethylformamide acetals (2), these carbinols (1) afford 
dienamines 3 and/or enamine orthoformates 4 (see Table I), 
formally the products of addition of dimethylamine to the 
acetylene bond. 

The conversion involves heating the alcohol, 1, with excess 
amide acetal. Maximum total yields were obtained when 
ethanol and a trace of pivalic acid were added. The enamine 
product(s) may be isolated directly by distillation or the total 
reaction mixture may be hydrolyzed and the corresponding 
carbonyl compounds isolated. 

The ratio of enamine orthoformate to dienamine appears 
to be a function of the structure of the alcohol. Carbinols la-c 
afford good yields of mixtures of the enamine orthoformate 
and dienamine products. In the case of 17a-ethynyl 17/3-sterols 
(e.g., Id), the dienamine containing no detectable amount of 
enamine orthoformate is formed; hydrolysis of the steroidal 
dienamines (by elution through wet silica gel with chloroform) 
affords the A17(20)-en-21-al derivatives, key intermediates in 
the synthesis of corticosteroids.4 

Tertiary propargyl alcohols in which the acetylene is sub
stituted with an alkyl group do not undergo either of these 

Alcohol 1 
Dienamine 3 

(yield) 

Enamine 
orthoformate 4 

(yield) 
2,MeCCO2H1EtOH T, t 

(mmol, mg, ml/mmol of 1) (0C, h) 
NMe2 

MeO' MeO' 

NMe2 

' OCH(OEt)2 

4a (40%) 

,NMe2 

,OCH(OEt), 

4b (47*) ' 

NMe2 

= „ , / OCH(OEt)2 

3.5,3.8,0.20 125, 38 

3.7,2.5,0.13 120,40 

6 3.5,2.2,0.12 120,40 

4c (46%)' 

NMe2 

3d' 
Ph 

.OH 
Ph' 

NMe2 

.OCH(OEt)2 

Y 
4e (55%)« 

NMe2 

,OCH(OEt)2 

18,0.6,0.31 

3.6,1.6,0.16 

1.8,0.8,0.16 

120,4 

145,90 

125,36 

4f (50%) 

"Hydrolysis on wet silica afforded the corresponding aldehydes. bHydrolysis on wet silica afforded the corresponding keto orthoformate. 
cCrude dienamine 3d could be isolated by removing all volatile materials from the reaction mixture under reduced pressure. Preparation of 
the corresponding aldehyde was most efficiently accomplished, however, by hydrolyzing the entire reaction mixture on wet silica. This pro
cedure afforded consistently high yields (>90% based on alcohol Id) of rra«s-3-methoxyestra-l,3,5,17 (20)-tetraen-21-al, mp 164-168 °C.6 

<*Some starting alcohol, contaminated with 4e and possibly traces of dienamine product, was recovered. 
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