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Abstract Theexploitation of theing strainof cyclopropanols, cyclobutanols and
cyclobutenoldas led ta variety of Pecatalyzed reactions, especially when the ring is
substituted with other function€rosscouplingand dominaeactionshave also been

reported The present reviegathes together tl literatureresultswith special attention téhe
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 reactaiseir ring-opening is favored by the high strain energy

of thesesmall carbocyclesHigure 1).? The tendency of the cyclopropane to coordinate with
transition metals resembles with the property of unsaturated compounds tatdicjamsls’

The# character of the ring is exemplifibg the ultraviolet properties o$-cyclopropylketones

which ae close to those ofonjugated enonéban ofsaturated ketoné<Cyclobutane is often
considered as the Obig brotherO of cyclopropane, with similar properties and r&activity.
Consequently, cyclopropanols, cyclobutanols and cyclobuteoolsl beconsidered likedi-
functionalized compounds. Their reactivity under palladium catalysis led to a number of reports
and remains the subject of an active research. The present review highlighBtbatsdyzed
transformations,and is organized accordirig the nature of the substrate and the intra
intermolecular participation of other reactive entities. Similar reactians beersometimes
repored from siloxycyclopropanes and siloxycyclobutanes; they are included in the review.

AN [ ] ] [>—oH

28-29 kcal mol''  26-27 kcal mol™? 30 kcal mol™t 30 kcal mol™ |

Figure 1. Ring strain energy of cyclopropane, cyclobutane, cyclobutene and cyclopropanol.
2. Cyclopropanols

In the pesence of a palladium catalysyclopropanols undergo rearrangemenenonesor
reactionwith a functionbelonging eitheto aring substituenor to anothempartner

2.1. Conversion to enones

This sulehapter is devoted to the formation of enones without participation of any other
function.

In 1990, Meijere, Sala¥Yn and-emrkers isolated low yields of &1 mixture of conjugated
enones and dienones from the treatmenEp#{(1-hydroxycyclopropyl)bui3-en-2-yl acetate

(1a) or benzoatelp) with NaH and a Ptatalystin situ prepared from Pd(OAgpr Pd(dba)

and dppe (Eq. D.

0 .
HO Pd* (0.05 eq.uw.) o o
NaH (1 equiv.)
X X + XN ()
OCOR THF or MeCN OCOR OCOR
1a, R = Me 15-30%
1b, R = Ph

Effective procedures for the transformation of the cyclopropditels and2a-2cinto the
corresponding$,%enonesave been reported in 2000 by the teams of Cha and Okumoto



(Egs 2 to 4):® ChaOsamobtainedhe besyieldsin toluene using Pd(OAghs the catalyst

and DMSO as the additive under oxygen (Ed. Pe ability of the DMSO/@association to
regenerate Pdrom Pd has been revealed by Larock and HightotWemNevertheless, the
authors also obtained an efficient reaction under nitrogen atmosphere (Eq. 2). According to
OkumotoOteam Pd(dbayin MeCN was the optimum systefior the reaction olc-1f and2c

but may lead to the saturated ketonsideproduct(Egs 3 and 4.2 The latter was selectively
produced witlPdCh in MeCN (Eq. 3).

"Pd" (0.1 equiv.)
additive (2 equiv.) 0

HOQ MS 4A )J\/\/\
RS % *R 0si(i-Pr); @)

— PhMe, 80 °C
2a, R = Me OSi(i-Pr);
2b,R=C
’ Y Pd(OAc),, pyridine, O,, 4 h: 69% 18%
Pd(OAc),, DMSO, O,, 1.5 h: 75% 18%
From 2a
Pd,(dba);, DMSO, O,, 1 h: 60% 17%
Pd,(dba)s, BQ,2 Oy, 1 h: 79% 0%
Erom 2b { Pd(OAc),,°> DMSO, N,, 4 h: 73% 11%
Pd,(dba)s, BQ,2 O,, 1 h: 76% 0%

aBQ = 1,4 benzoquinone
bUsing 0.2 equiv. of Pd(OAc),.

HO (g% gatalyst
>\l equiv.) )K/ )K/
R 1c
1¢, R = BnCH,
in MeCN at 50 °C for 20 h
Pd(OAc),: 78% 16%
PdCl,: 0% 99%
Pd(dba),: 98% 1%
5% Pd/C: 71% 11%
19, R=Bn
with XPhos (0.1 equiv.) in PhMe at 25 °C for 16 h
Pd(dba),:? 2%
Pd(OAc),:° 4% 1%
Pd(OAc),, MeONa (1 equiv.): 74% O
2% conversion. PCy,

b34% conversion. " i-Pr O i-Pr



HO

>\‘ Pd(dba), (0.05 equiv.) J\]/ )H/
R? , MeCN, 50 °C, 20 h

R

1d, R' = BzO(CH,);, R? = H: 31% 22%
1e, R' = Ph, R2-H: 48% 6%
1f, R" = 3-cyclohexenyl, R? =H:  46% 2%
2¢, R' = BnCH,, R? = Me: 77% 5%

Two catalytic cycles depending on the Pd oxidation state have been propdseahél, paths

a’ andb).® Reacion of palladiumwith the GH bond leads to eithé® or 'B. Subsequent
cleavage of the €€ bond provide$C and’D, respectively. Theses intermediatesyundergo

%H elimination to deliver the enone and either HPdOA&IBdH. Pd(OAGQ) is regenerated
from HPdOAc with the oxidant, while expulsion of flom HPdH leads to PdThe saturated
ketoneis obtained either from protonolysis &, or from*D via reductive elimination of Fd

Note that under Rtatalysis, glatinag/clobutane ringormed fromoxidative insertion of Pt

into the cyclopropy! uniis assumed as a key intermedrate.

Zﬁ Pd°
XPdO A/ 4\( Ha

P HPdH
1 A HPdOKR o
XPd O oxidant 18 \)kR
HPdOAc Q
‘% X = OAc HPd O \)J\R
\)J\
\)L D R

PdCl,

Schemel

In the course of mechanism studiedf-catalyzedcrosscoupling reactions (see Subchapter
2.3.4), MaOs team studied the reactivityt-tfenzylcyclopropandllg) using Pd(dba)or
Pd(OAc) anda Buchwald ligané?2-dicyclohexylphosphing!,4!,6triisopropylbighenyl
(XPhos}?B(Eq. 3)*° After 16 h in toluene at 25 {C, 98% b was recovered with the first
association whereas the second led to a better conversion with formation of an
approximatively 3:1 mixture df-phenylbutar2-oneandl1-phenylbut3-en-2-one The former
was selectively obtained with MeONa as additWe howeer suspect that, under these last
conditions, theautomerizatiowould be due to the basic meffifrather than Pd catalysis.
The reaction of trisubstituted cyclopropand¢s2c mainly or selectively involved the cleavage
of the less substituted-C bond, whereas that tfie more substituted &C bondof tricyclic
substrated (Eq. 5) or oxazolinetethered cyclopropanoe-2i (Eq. 6)* was preferred. From
2e-2i, the selectivity towards th#substituted$,%unsaturated ketone would be due to the
directing role of the oxazolin&¢theme?): thea cleavage of alkoxypalladium intermediafe



leads to the seveimembered palladacyclé8 whereas theb cleavage providethe more
favorable sixmembered palladacyct€.** From2j, the distance betweéme oxazoline and the
threemembered ring (EqQ. 6, n = 2) precludes efficldfRd interactions, hence the cleavage of
the less substituted-C bondto affordthe $-substitutel $,%unsaturated ketone.

H QH Pd(OAc), Y
O':>/ DMSO, MS 3A (:Yij )
”y +
f H PhMe, rt, 0.5 h f
OTBS OTBS
2d 8% 56%
How R2 R2 Pd(OAc),, (0.1 equiv.) 0 R2 R2
1&‘" . N BQ (2 equiv.)
R (In /\7< + R 7 n /N (6)
o PhMe, 100 °C o\)<
2e,R'"=R?=Me,n=1: 16 % 50%
2f R'=j-Pr,R?>=Me, n=1: 6% 57%
2g, R' = (CH,),Ph, R =Me, n = 1: 9% 41%
2h, R" = (CH,);Cl, R?=Me, n = 1: 6 % 42%
2i,R"=Me,R?=H,n=1: 13% 22%
2j,R'= R?=Me,n=2: 58% <1% |
AcO_
HOM R? R? PA(OAC), AGOH /Pd-\,\,\%
R )Q(/N \_/ 0\ e}
IS 5 L
R1 2A’ R2
a cleavage/ \b cleavage
OA
HPJOAc \p\’ ¢ AcO HPdOAc O R? R2

‘\

N
0 pd* O F N

w /‘ y .
R1 R2 O\)<

2c R2

Scheme2

The reaction o2k with a stoichiometric amount of Pd(OA@nd 2 equiv. of pyridine in
toluene at 80 jC provided a mixture@fo andendocyclohexenones (Eq. #JWith
benzoquinone (BQ) as additive or with Pd/C as the catalyst in THF/EtOH at room
temperature, the reaction led selectively togk@compound (K. 7).Underhydrogen
atmosphere, these last conditigmeducectyclohexanones frorak and2! (Eq. 8)*°



o iY ﬁf

%O 2k

- Pd(OACc), (1.04 equiv.), pyridine (2 equiv.), PhMe,
80 °C, 3 h: exo (31 %) + endo (55%)
- Pd(OACc), (1.2 equiv.), pyridine (2.2 equiv.),
BQ (2 equiv.), PhMe, 80 °C, 3 h: exo (70 %) + 2k (10%)
- 10% Pd/C (1.1 equiv.), THF/EtOH (1:1), rt, 24 h: exo exclusively

HO, o)
10% Pd/C (cat.)
“H 4, (balloon) N @)
R1O™ ™ THF/EtOH (1:1), it R1O™ ™
OR? OR?2
2k, R'-R? = CMe,, 12 h: 80%
2I,R"=R?=H,5h: 82% |

Under Pd catalysis and oxygen atmosphere, the domino deprotection/rearrangement reaction
of TMS-protected cyclopropan@aoccured at 100 jC in dimethyl acetamide containing

both TBAFH,O and KOAc, leading selectively to the correspondirfigunsaturated ketone

(Eq. 9)¥

TBAF-H,0 (1.1 equiv.)

TMSO, Pd(OAc), (0.05 equiv.) Q
wH KOAc (2 equiv.)
> 9)
3a O, (balloon)

DMAc, 100°C ~ 78% |

2.2. Intramolecular reactions
2.2.1. With an allyl carbonate

Trost and Yasukata disclosed °Ratalyzed efficient @ & C-4 ring expansions of-(1-
substituteeB-methoxycarbonyloxyi-propenyl)cyclopropanolsh and1i, thatoccuredvia " *-
allylpalladium®A (Scheme®).'® Enantioselective reactions were performed using chiral ligands
with efficiency improved in the presence of a base, especially tetramethylguanidine (Eg. 10).
This ring expansion contrasts with the rearrangemertaaind 1b previously reported by
SalaYn amh coworkers (Eq. 1)Contrary to 1a and 1b, the C=C bond ofh and1i has az-
configuration and the s carbon in$-position of the cyclopropanol is disubstituted. We
suggest that theis-relationship between the cyclopropanoyl unit and the leaving group makes
easier the coordination of the hydroxy group to palladium depictd.ifthis facilitates the

O-H bond cleavage, while the disubstitution promotes the subsequent -tautambon 12-
migration to the tertiary terminus.


























































































































































































