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of the natural product.23 Since NicolaouG" and Lefb have 
already described the hydrolysis of 17 to 1, our work 
completes the third synthesis of this natural product. 
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Mercury in Organic Chemistry. 30. Synthesis of 
(wAlly1)palladium Compounds via Organopalladium 
Additions to Alkenyl- and Methylenecyclopropanes 
and Alkenyl- and Methylenecyclobutanes 
Summary: (*-Allyl) palladium compounds are readily 
available via organopalladium additions to alkenyl- and 
methylenecyclopropanes and alkenyl- and methylene- 
cyclobutanes. This reaction apparently involves formation 
of a (cycloalkylcarbiny1)palladium intermediate which 
undergoes ring-opening and subsequent palladium mi- 
gration to afford the (*-ally1)palladium product. 

Sir: (?r-Ally1)palladium compounds have recently become 
valuable intermediates in organic synthesis.1g2 Two of the 
more useful methods of preparing these compounds involve 
the direct allylic hydrogen substitution of alkenes by 
palladium ~ a l t s ~ - ~  and the insertion of palladium(0) reag- 
ents into the carbon-halogen or carbon-oxygen bond of 
allylic halides or acetates.*12 Recently, the reaction of 
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organomercurials, palladium salts, and either conjugat- 
edI3J4 or nonc~njugated'~ dienes has provided a convenient 
new approach to (r-ally1)palladium compounds (eq 1). 
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Similarly, vinylmercurials may be reacted with palladium 
salts and simple olefins to afford (?r-ally1)palladium com- 
pounds (eq 2).16J7 We now report that the reaction of 
organomercurials, palladium salts, and alkenyl- or me- 
thylenecyclopropanes and alkenyl- or methylenecyclo- 
butanes results in a novel ring-opening process and sub- 
sequent rearrangement, which affords a valuable, new, 
regioselective route to (?r-ally1)palladium compounds (eq 
3). 
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Our results to date are summarized in Table I. As can 
be seen in the table, aryl, methyl, vinyl and heterocyclic 
organomercurials can be employed in this reaction. With 
alkylmercurials bearing hydrogens beta to mercury, the 
(a-ally1)palladium product derived by palladium hydride 
addition to the olefin and subsequent rearrangement is 
isolated (entry 3). 

A variety of olefins are observed to afford (?r-al1yl)pal- 
ladium compounds by this procedure. Vinylcyclopropanes 
of various substitution patterns can be employed. Aryl 
substitution on the cyclopropane ring is observed to direct 
ring-opening toward the aryl group (entries 7 and 8). 
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Methylenecyclopropane also undergoes this ring-opening 
process (entry 9). In view of the comparable strain energy 
of cyclopropanes and cy~lobutanes, '~ we have examined 
analogous organopalladium additions to isopropenyl- 
cyclobutane (entry 10) and methylenecyclobutane (entry 
11). Excellent yields of (x-allyl)palladium compounds were 
isolated in both cases. 

The unique course of our reactions is best explained by 
the mechanism shown in Scheme I. The ease with which 
the cyclopropane ring opens can be seen by considering 
the reaction of (E)-2-(chloromercurio)-4,4-dimethyl-2- 
pentene and vinylcyclopropane (entry 4). In our previous 
work we have established that homoallylpalladium inter- 
mediates readily rearrange to the corresponding (?r-al- 
1yl)palladium ~ompounds.'~'' The initial addition product 
from the above reaction contains both a homoallyl- and 
a (cyclopropylcarbiny1)palladium species, but the only 
(?r-allyl)palladium product observed is that of cyclopropane 
ring-opening and not simple palladium migration to the 
original double bond (eq 4). 
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While organopalladium additions to unsaturated cyclo- 
propanes and cyclobutanes have never been examined 
previously, vinylcyclopropanes have been ring-opened by 
palladium(0)  reagent^'^?^^ and palladium dichloride.2',22 
Mechanisms entirely different from ours have been sug- 
gested here. The palladium dichloride ring-opening of 
2,3-dicarbomethoxymethylenecyclopropane (eq 5)23-26 and 
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the observation of a nortricyclyl-norbornenyl palladium 
equilibrium (eq 6)28 lend credence to our mechanism, 
however. It is noteworthy that other methylene cyclo- 
propanes react with palladium d i ~ h l o r i d e ~ ' - ~ ~  and palla- 
dium(0)  reagent^^+^^ in an entirely different fashion. 

In some of our reactions (entries 2, 5, and 6), minor 
amounts of product derived from addition of the organic 
moiety to the internal carbon are observed. Apparently, 
the resulting intermediate subsequently rearranges to a 
(cyclopropylcarbiny1)palladium compound which then 
rearranges in the usual fashion (eq 7). 

9 

6d 
X 

The major product isolated from the reaction of phe- 
nylmercuric chloride and methylenecyclopropane (entry 
9) is that derived from phenyl addition to the internal 
olefin carbon (eq 8). This mode of addition contrasts with 
the usual regiochemistry observed in such reactions. 

Pd X A - f i  --& (8) 

w 
X I 2  

Isopropenylcyclobutane (entry 10) reacts in a manner 
analogous to vinylcyclopropane. Unlike methylenecyclo- 
propane, methylenecyclobutane (entry 11) affords in 70% 
yield a (?r-ally1)palladium compound which apparently 
arises by palladium addition to the cyclobutane carbon, 
rearrangement to a (cyclobutylcarbiny1)palladium inter- 
mediate, ring-opening, and palladium migration (eq 9). In 

this extraordinary reaction, palladium at  one time or an- 
other is bonded to every carbon of the original olefin. The 
ability of palladium to migrate considerable distances by 
@ hydride elimination-readdition without formation of the 
corresponding olefin is quite remarkable. 

We are continuing to explore the mechanism of these 
reactions, as well as the scope and limitations of this new 
(?r-ally1)palladium synthesis. Recent work in our labora- 
tories indicates that these reactions can be quite useful in 
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the synthesis of a variety of heterocycles via intramolecular 
(r-ally1)palladium displacement processes. 
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Oxidation of Allylic Alcohols to Unsaturated 
Carbonyl Compounds by Ruthenium Dioxide and 
DioxygedRuthenium Dixoxide 

Summary: Ruthenium dioxide hydrate acts as an oxidant 
similar to Mn02 and effectively catalyzes heterogeneous 
aerobic oxidation of allylic alcohols to yield unsaturated 
carbonyl compounds under mild conditons. 

Sir: A variety of transition metals are well known to act 
as oxidant or catalyst in the dehydrogenation of alcohols 
to carbonyl compounds. For the oxidation of allylic al- 
cohols to unsaturated carbonyls, the metal oxides of use 
have considerably been restricted because the allylic al- 
cohols are in general more unstable than the saturated 
ones. Chromium(V1) compounds,l manganese dioxide,2 
and nickel peroxide3 are usually chosen for stoichiometric 
oxidations. Platinum oxide and platinum on charcoal 
catalyze aerobic Oxidation! Cobalt oxide/dioxygen is also 
known to dehydrogenate allylic alcohols, though its effi- 
ciency is 

Among the oxides of ruthenium, RuOl is well-known as 
a powerful oxidant for alcohol dehydrogenation.e I t  is, 
however, too strong to be used for the selective dehydro- 
genation of allylic alcohols to the corresponding unsatu- 
rated carbonyls. We report here that ruthenium oxide with 
a lower oxidation state than Ru04, namely, RuOz hydrate, 
acta as an oxidant with higher efficiency than MnOz and, 
furthermore, effectively catalyzes aerobic oxidation for 
allylic alcohols under mild conditions. 

The oxidation of cinnamyl alcohol (1) to cinnam- 
aldehyde (2) is used for the measurement of activity of 
Mn02.' The oxidation of 1 by Mn02 (Mn02/1 = 10) leads 

_ _ _ ~  
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to 2 in ca. 70% yields8 We chose 1 as a substrate to 
examine the oxidation activity of RuOz in the dehydro- 
genation of allylic alcohols. Treatment of alcohol 1 (95 mg) 
with hydrated RuOz (Nippon Engelhard or Alfa) (500 mg) 
in 1,2-dichloroethane (2 mL) under an argon atmosphere 
at  room temperature for 4 h gave quantitatively trans- 
cinnamaldehyde (2) after chromatographic purification 
(Scheme I). Under these conditions, this ratio of 1 to 
hydrated Ru02 was optimal. However, the ratio of oxide 
to substrate could be decreased by raising the reaction 
temperature and prolonging the reaction time. For ex- 
ample, when a mixture of equal quantities of 1 and RuOz 
hydrate was stirred at 70 "C for 15 h in 1,2-dichloroethane 
under an argon atmosphere, 2 was produced quantitatively. 
These results show that hydrated Ru02 effects the dehy- 
drogenation of allylic alcohols with greater efficiency than 
MnO% 

When the argon atmosphere was replaced by oxygen, the 
efficiency of the reaction was improved. Thus, alcohol 1 
was oxidized to 2 in a yield of 98.5%, when 1 (1.0 g) was 
stirred with Ru02 hydrate (0.1 g) and 2,6-di-tert-butyl-p- 
cresol (0.025 g) under an oxygen atmosphere (1 atm) in 
1,Qdichloroethane (3.8 mL) at  70 "C for 26 h. The hin- 
dered phenol was added to prevent the autoxidation of the 
aldehyde formed in the reaction. Without the phenol, the 
yield of the aldehyde was significantly decreased after high 
conversion (>50%) of the alcohol. 

To study the stereochemical course of the dehydroge- 
nation described here, oxidations of geraniol (3) and its 
stereoisomer, nerol 4 were carried out. Catalytic aerobic 
oxidation of the E isomer 3 (3/RuO2 = 4/1, 70 "C, 6 h) 
gave 90.3% (conversion 95%, selectivity 95%) of citral 
consisting of 97.5% of the E isomer 5 and 2.5% of the Z 
isomer 6. Similar oxidation of  the 2 isomer 4 afforded a 
mixture of the aldehyde including 94% of the Z isomer 6 
and 6% of the E isomer. These results show that the 
Ru02-catalyzed aerobic oxidation proceeds with retention 
of olefin stereochemistry. Anaerobic oxidation of these 
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