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Abstract. The exploitation of the ring strain of cyclopropanols, cyclobutanols and 
cyclobutenols has led to a variety of Pd-catalyzed reactions, especially when the ring is 
substituted with other functions. Cross-coupling and domino reactions have also been 
reported. The present review gathers together the literature results with special attention to the 
procedures. Proposed mechanisms are described with, in some cases, personal comments. 
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1. Introduction 

Cyclopropanols, cyclobutanols and cyclobutenols undergo a variety of reactions depending on 
the nature of substituents and reactants.1 Their ring-opening is favored by the high strain energy 
of these small carbocycles (Figure 1).2 The tendency of the cyclopropane to coordinate with 
transition metals resembles with the property of unsaturated compounds to act as #-ligands.3 
The # character of the ring is exemplified by the ultra-violet properties of $-cyclopropylketones 
which are closer to those of conjugated enones than of saturated ketones.4 Cyclobutane is often 
considered as the Òbig brotherÓ of cyclopropane, with similar properties and reactivity.1e 
Consequently, cyclopropanols, cyclobutanols and cyclobutenols could be considered like di-
functionalized compounds. Their reactivity under palladium catalysis led to a number of reports 
and remains the subject of an active research. The present review highlights these Pd-catalyzed 
transformations,5 and is organized according to the nature of the substrate and the intra- or 
intermolecular participation of other reactive entities. Similar reactions have been sometimes 
reported from siloxycyclopropanes and siloxycyclobutanes; they are included in the review. 
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Figure 1. Ring strain energy of cyclopropane, cyclobutane, cyclobutene and cyclopropanol. 

2. Cyclopropanols 

In the presence of a palladium catalyst, cyclopropanols undergo rearrangement to enones or 
reaction with a function belonging either to a ring substituent or to another partner.  

2.1. Conversion to enones  

This subchapter is devoted to the formation of enones without participation of any other 
function. 
In 1990, Meijere, SalaŸn and co-workers isolated low yields of a 1:1 mixture of conjugated 
enones and dienones from the treatment of (E)-4-(1-hydroxycyclopropyl)but-3-en-2-yl acetate 
(1a) or benzoate (1b) with NaH and a Pd0 catalyst in situ prepared from Pd(OAc)2 or Pd(dba)2 
and dppe (Eq. 1).6  

 

Effective procedures for the transformation of the cyclopropanols 1c-1f and 2a-2c into the 
corresponding  $,%-enones have been reported in 2000 by the teams of Cha and Okumoto 



(Eqs 2 to 4).7,8 ChaÕs team obtained the best yields in toluene using Pd(OAc)2 as the catalyst 
and DMSO as the additive under oxygen (Eq. 2).7 The ability of the DMSO/O2 association to 
regenerate PdII from Pd0 has been revealed by Larock and Hightower.9-11 Nevertheless, the 
authors also obtained an efficient reaction under nitrogen atmosphere (Eq. 2). According to 
OkumotoÕs team, Pd(dba)2 in MeCN was the optimum system for the reaction of 1c-1f and 2c 
but may lead to the saturated ketone as side-product (Eqs 3 and 4).8 The latter was selectively 
produced with PdCl2 in MeCN (Eq. 3).  

!

 



 

Two catalytic cycles depending on the Pd oxidation state have been proposed (Scheme 1, paths 
a7 and b).8 Reaction of palladium with the O-H bond leads to either 1A or 1B. Subsequent 
cleavage of the C-C bond provides 1C and 1D, respectively. Theses intermediates may undergo 
%-H elimination to deliver the enone and either HPdOAc or HPdH. Pd(OAc)2 is regenerated 
from HPdOAc with the oxidant, while expulsion of H2 from HPdH leads to Pd0. The saturated 
ketone is obtained either from protonolysis of 1C, or from 1D via reductive elimination of Pd0. 
Note that under Pt-catalysis, a platinacyclobutane ring formed from oxidative insertion of Pt 
into the cyclopropyl unit is assumed as a key intermediate.3  

Scheme 1 

In the course of mechanism studies of Pd0-catalyzed cross-coupling reactions (see Subchapter 
2.3.4.), MaÕs team studied the reactivity of 1-benzylcyclopropanol (1g) using Pd(dba)2 or 
Pd(OAc)2 and a Buchwald ligand Ð 2-dicyclohexylphosphino-2!,4!,6!-triisopropylbiphenyl 
(XPhos)12 Ð (Eq. 3).13 After 16 h in toluene at 25 ¡C, 98% of 1g was recovered with the first 
association whereas the second led to a better conversion with formation of an 
approximatively 3:1 mixture of 1-phenylbutan-2-one and 1-phenylbut-3-en-2-one. The former 
was selectively obtained with MeONa as additive. We however suspect that, under these last 
conditions, the tautomerization would be due to the basic media1a,1b rather than Pd catalysis. 
The reaction of trisubstituted cyclopropanols 2a-2c mainly or selectively involved the cleavage 
of the less substituted C-C bond, whereas that of the more substituted C-C bond of tricyclic 
substrate 2d (Eq. 5)7 or oxazoline-tethered cyclopropanols 2e-2i (Eq. 6)14 was preferred. From 
2e-2i, the selectivity towards the %-substituted $,%-unsaturated ketone would be due to the 
directing role of the oxazoline (Scheme 2): the a cleavage of alkoxypalladium intermediate 2A 



leads to the seven-membered palladacycle 2B whereas the b cleavage provides the more 
favorable six-membered palladacycle 2C.14 From 2j, the distance between the oxazoline and the 
three-membered ring (Eq. 6, n = 2) precludes efficient N/Pd interactions, hence the cleavage of 
the less substituted C-C bond to afford the $-substituted $,%-unsaturated ketone. 
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Scheme 2 

The reaction of 2k with a stoichiometric amount of Pd(OAc)2 and 2 equiv. of pyridine in 
toluene at 80 ¡C provided a mixture of exo- and endo-cyclohexenones (Eq. 7).15 With 
benzoquinone (BQ) as additive or with Pd/C as the catalyst in THF/EtOH at room 
temperature, the reaction led selectively to the exo-compound (Eq. 7). Under hydrogen 
atmosphere, these last conditions produced cyclohexanones from 2k and 2l (Eq. 8).16  
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Under PdII catalysis and oxygen atmosphere, the domino deprotection/rearrangement reaction 
of TMS-protected cyclopropanol 3a occurred at 100 ¡C in dimethyl acetamide containing 
both TBAF.H2O and KOAc, leading selectively to the corresponding $,%-unsaturated ketone 
(Eq. 9).17  
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2.2. Intramolecular reactions 

2.2.1. With an allyl carbonate 

Trost and Yasukata disclosed Pd0-catalyzed efficient C-3 &  C-4 ring expansions of 1-(1-
substituted-3-methoxycarbonyloxy-1-propenyl)cyclopropanols 1h and 1i, that occurred via " 3-
allylpalladium 3A (Scheme 3).18 Enantioselective reactions were performed using chiral ligands 
with efficiency improved in the presence of a base, especially tetramethylguanidine (Eq. 10). 
This ring expansion contrasts with the rearrangement of 1a and 1b previously reported by 
SalaŸn and co-workers (Eq. 1). Contrary to 1a and 1b, the C=C bond of 1h and 1i has a Z-
configuration, and the sp2 carbon in $-position of the cyclopropanol is disubstituted. We 
suggest that the cis-relationship between the cyclopropanoyl unit and the leaving group makes 
easier the coordination of the hydroxy group to palladium depicted in 3A. This facilitates the 
O-H bond cleavage, while the disubstitution promotes the subsequent carbon-to-carbon 1,2-
migration to the tertiary terminus. 




























































































































