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Diphenylmethylenecyclopropane reacts with 3-butenoic acid in the presence of 
RhC1(PPh,)3 to give products resulting from insertion of one or two molecules of 
butenoic acid. Insertion of the first molecule of butenoic acid is not regioselective, 
whereas insertion of the second is highly regioselective. 

We previously reported the formation of unsaturated acids by a rhodium-cata- 
lyzed regioselective reaction of dienes [1,2], allenes [3] and phenylacetylene [4] with 
3-butenoic acids. In the latter case the presence of small amounts of dicarboxylic 
acids suggested the initial formation of rhodacycles followed by further insertion of 
butenoic acid (eq. 1, RhCl indicates the Rh complex): 
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Since alkylidenecyclopropanes are known to react with transition metals by 
ring-opening and cycloaddition to various substrates [5,6], we wondered whether 
they could form open-chained compounds by reaction with 3-butenoic acid. We 
now have observed that diphenylmethylenecyclopropane [7] actually reacts with 
RhCl(PPh), under mild conditions by ring-opening followed by insertion of 3- 
butenoic acid, to give mono- and d&basic unsaturated acids (eq. 2). Thus when 
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diphenyhnethylenecyclopropane, containing 1% mol of catalyst, was heated at 75OC 
in an excess of 3-butenoic acid used as solvent, the two monocarboxylic acids II and 
III (eq. 2) were obtained as the main products in 37 and 32% yields, respectively: 
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Other two dibasic acids (IV and V, ca. l/l) were isolated in 6% yield (eq. 3). 
Reaction 2 is not regioselective as far as the site of attack on the butenoic chain is 

concerned. In contrast, the previously described [l] reaction of butadiene (eq. 4) was 
found to be completely regioselective. This must be due to the fact that in reaction 2 
the intermediate Rh complex I (containing a trimethylenemethane ligand, formally 
equivalent to a methylenerhodacyclobutane) cannot form the chelated ring (Cl 
replacement by COO is difficult) which is the prerequisite for the high regioselectiv- 
ity obtained in reaction 4. In the latter reaction oxidative addition of butenoic acid 
to [RhCl] must first occur, whereas in reaction 2 the oxidative addition of the 
cyclopropane substrate must precede the reaction with butenoic acid. 
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- RhCl II I 
cH2=CHCH=CH2 + CHZ=CHCHZCOOH 

I Cl 
(4) 

- CH3CH=CllCH2CH=CHCHZCOOH 

Further support for this interpretation comes from the formation of the dibasic 
acids (eq. 3). In this case the second molecule of butenoic acid can form a chelated 
ring and it inserts linearly. There is also a preference for the branched form of the 
butenoic group first inserted. Thus more than 90% of the dibasic acids contain one 
butenoic chain which has attached at the internal C atom of the double bond, 
whereas the other is derived from reaction at the terminal C atom. The insertion 
sequence can be depicted as follows (eq. 5): 
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The preference for the branched butenoic chain in one of the butenoic units 
inserted must be due to an easier H-transfer within the complex containing the 
branched chain. 

The same is true for the other dibasic acid which contains three double bonds, 
one of which is to the methylene group of the branched chain. The substrate or 
other unsaturated species generically denoted M compete with the Rh-bonded 
methylene group for H-transfer from the branched butenoic chain. In this way the 
branched monobasic acid is not formed and the chain remains attached to Rh until 
insertion of the second butenoic molecule takes place (eq. 6): 
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The reaction of butenoic acid with alkylidenecyclopropanes has been found to be 
general. The site of ring-opening and the proportion of dicarboxylic acids formed 
varies, however, depending on the substrate. 

These reactions offer a valuable route to compounds not easily accessible by 
other ways. Furthermore they offer new ways of using metallacycles in catalytic 
organic syntheses. 
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